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ABSTRACT 

The objectives of the present study were to measure the effects of supplementation 

with concentrates which differed in their protein concentrations and protein 

degradabilities on the performance of dairy cows, with emphasis on tropical feeds. The 

degradability of protein in a range of feedstuffs was also measured and rumen 

metabolism was studied in sheep fed on diets which differed in protein degradability, 

at two different temperatures. 

The fIrst experiment (Chapter 4) was conducted in Thailand to determine the effects of 

concentrates which differed iil their protein concentration (17%CP vs 30%CP) and 

protein degradability (0.65 and 0.53) on the performance of dairy cows fed on fresh 

pasture. The .control treatment of feeding pasture only was also included. The yields of 

milk and liveweights gain were increased when concentrates were supplemented to 

pasture fed dairy cows both indoor and under grazing conditions. The response in milk 

yield to concentrate supplementation ranged from 1.2 to 2.0 kg milk/kgDM 

concentrate DM eaten. Increases in level of concentrate from 0 to 2.7 and 5.4 

kgDM/cow daily resulted in decreases in response to supplementation (from 2.0 to 1.2 

kg milk/kg concentrate DM eaten, compared with the un supplemented group). The 

high protein (low degradable) concentrate tended to give higher responses in milk 

yield and liveweight gain per kg concentrate DM eaten. 

The second experiment (Chapter 5) was also carried out in Thailand to investigate the 

effects of concentrates containing about 20% crude protein of different degradabilities 

(altered by inclusion of 0, 1 and 2% urea) on performance of dairy cows fed low 

quality tropical grass silage (5.2%CP and 48%DMD). The yields of milk and milk 

protein, and liveweight gain were significantly increased by Concentrate 2 (21 %CP 

with 1 % urea; 0.63 protein degradability) when compared with Concentrate 1 (19%CP 

with no urea; 0.57 protein degradability), Concentrate 3 (21.5%CP with 2% urea; 0.68 

protein degradability) and Concentrate 4 (l9.5%CP with no urea; 0.62 protein 

degradability). Silage intake was also increased in cows given Concentrate 2. 
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The degradability of DM and protein of 10 feedstuffs which are widely used in 

concentrates in Thailand were determined by the nylon bag technique at Khon Kaen 

University, Thailand (Chapter 6). The measurements used nylon bags insened into 

fistulated cows given a diet of 4 kgDM urea-treated rice straw with an additional 2 kg 

of balanced concentrates. Between 45 and 55% of the crude protein content in cotton 

seed meal, maize and rice bran was effectively degraded in the rumen, compared with 

63 to 69% for groundnut meal, palm meal, com meal and sesame meal. Cotton seed 

meal could therefore be considered the most useful bypass protein source for use in 

feed supplements given to dairy cows in Thailand. 

To determine the effects of environmental temperature conditions and the inclusion of 

urea in the concentrates on rumen metabolism, an experiment was conducted in New 

Zealand using sheep kept in controlled temperature room. Concentrates which differed 

in protein degradability (by inclusion of urea) were supplemented to sheep fed on low 

quality hay under 'mild' and 'hot' conditions. Hot temperature conditions had negative 

effects on DM intake, concentration of total VF A and degradability of protein but 

positive effects on respiration rate and water intake. The inclusion of urea in the 

concentrate supplements had fewer effects than the temperature conditions. Intakes of 

low quality roughage DM were reduced by hot temperature. High temperatures and 

low quality roughages are the two major factors contributing to the low production of 

animal in the tropics. 

The final experiment was conducted in New Zealand to investigate the effects of a 

high protein-low degradable protein concentrate on the performance of grazing dairy 

cows fed generously on high quality autumn/winter temperate pasture. The high 

protein (low degradable) concentrate supplement significantly increased milk 

production. The milk yield response to the concentrate however, was lower than in the 

measured in the experiments in Thailand, probably because of the very high allowance 

of high quality pasture used in the New Zealand experiment. 

It can be concluded that, in the present experiments, the major factor which contributed 

to differences in animal performance was ME intake, particularly for cows fed on 

concentrates. The effects of increased crude protein concentration or increased crude 

protein degradability in the concentrates on forage DM intake and on milk yield were 

variable. However, when a moderate level of low degradable protein concentrate was 

supplemented to cows on poor quality tropical grass s ilage, the effect of low 

degradable protein in the concentrate on increased milk production was evident. 
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1 INTRODUCTION 

Dairy production in Thai land has a great potential to develop due to a l arge volume of 

demand in comparison to the present supp ly .  At pre sent ,  Thai dairy farmers only 

supply approximately 1 6% of the total con sumption with  the res t  obtained from 

reconstituted mi lk powder imported from overseas (OAE, 1 991). The present 1 6% 

supply i s  comes from the population of 1 0 1 300 dairy cattle, with 44,450 cows in milk 

with an average yield of 8 kg/day for 300 days lactation (OAE, 1991). Increases in 

m i lk s upply can be achieved by i ncreases in  population and in  per cow production 

through improvements of genetic potential and feeding management. 

Genetic potential of dairy cattle has been deve loped during the last three decades 

through the use of imported frozen semen from proved high genetic poten tial bulls 

from overseas ,  However, feeding management is l i kely to p lay a major role in low 

production per cow at present. 

The low production per cow is probably due to poor nutritional management since the 

feeding s tandards adopted from temperate developed counu'ies may not be suitable to 

the tropics ,  General ly ,  the cows m ilked in the tropics are fed on low quality native 

forages or agricul tural byproducts, and are exposed to relatively hot environmental 

condi tions ,  S uch  feed resources and env iron ment  probably con tribute to the low 

production, 

The natural low nitrogen concenu'ation and digestibil ity of tropical pastures means that 

h i g h  a n i m a l  produc t ion  can  not  be ac h ieved  w i t hou t  t he  u s e  of concentrate 

supplements. 

A lthough ,  New Zealand dairy farm ing re lies heavily on grazed pasture as the main 

source of feed, in some years significant pastu re deficits can occur due to exceptional 

cold or wet winters reducing pasture growth rate . In addition, the animal production is 

often lower when grazed on pasture  duri ng autu m n/win ter than during spring. The 

probab le  unba lanced n u trie n t  com pos i t ion of au tum n/w in ter  pasture has  been 

suggested (Wilson and Moller, 1 993). 
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Traditionally, the requirements of dairy cows have been measured i n  terms of a certain 

m i n i m u m  q uant i ty  of energy, expre s sed  as metabol i s ab le e nergy, and prote in  

expressed as crude protein  or  rumen degradable protei n  p lus undegradable protein, 

together with specific amounts of certain m inerals and vitam in s .  However, more 

i nterest h as recent ly been shown i n  the effects of variation i n  i ndividual nutrients 

which contribute towards the supply of energy (Preston and Leng, 1 987;  Oldham and 

Emmans, 1 989; Russell et at., 1 992) . Thi i s  because production has been shown to be 

constrained through imbalanced nutrition, either in the rumen through inhibition of the 

rates of microbial  protein  product ion and/or fi bre d igestion (affecti ng in take and 

digestibi lity), or through an imbalanced nuu·ient supply to the body. 

The correction of n utrient imbalances can be ach ieved through the supplements that 

contain specific nutrients . 

A series of experiments was designed and i n i t iated to i nvesti gate the responses i n  dairy 

cows '  performance to the supplementation with concentrates which differed in protein 

content and in protei n  degradabi l ity (obtain ing by inclusion of urea in the concentrates) 

both u nder tropical and temperate condit ions .  I n  addit ion , rumen metabolism and 

digest ion were a l so s tudied u n der  m i l d  and  hot condi t ion s when  s upplements  

containing different levels of urea were fed to sheep on low quality hay. 
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2 REVIEW OF LITERATURE 

2.1  INTRODUCTION 

Animal production can be affected by many factors including genotype, nutrition and 

env ironment. This review will focus on nutritional factors, with particular reference to 

t he  c h arac ter i s t i c s  and  n u t ri t i ve v a l u e  of  t rop i c a l  pas t u re s ,  and  t h e  u s e  of 

supplementary feeds wi th  these forages .  

Tropical pastures are genera l ly  characterised by low concentration of protein, low 

digestib i l i ty ,  low i ntake and low animal production .  Forage in take, m ilk production 

and the use of supplements, in particular those containing protein will be discussed in  

relation to  tropical forages. 

The digestion and metabolism of nitrogen in the rumen wi l l  be reviewed, in relation to 

the degradabi lity and nutritive value of different supplements. 

2.2 CHARACTERISTICS OF TROPICAL FORA G ES 

Growth habit, perenniality, proportion and distribution of leaf and stem and flowering 

behaviour of pasture plants have s ignificant effects on both the quantity and quality of 

forage available to grazing animals .  Stobbs ( 1 973) has suggested that the low animal 

production from tropical pastures ,  when compared with temperate pastures, may be 

caused by the more erect growth habit of most tropical grasses .  The low bulk density 

of leaf in these pastures  appears to restrict harvestabi l i ty and in take of past ure by 

grazin g  an imals .  The effect of sward s truc t ure on animal performance has been 

extensively reviewed by Hodgson ( 1 982) . 

When grasses flower and mature there i s  a dec l i ne i n  forage quality caused by the 

translocation of soluble carbohydrates from stem and leaves to the inflorescence, an 

i ncreased content  of l ignified cell wal l s  and a decrease in  the ratio of leaf to stem 
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(Norton,  1 982) .  Tropical grasses grown in warm environments have higher growth 

rates and usual ly progress to maturity rapidly, causing a rapid decl ine in n utritive 

quality (Wilson, 1 982). 

Tropical grass species (but not tropical legumes)  have a C4 photosynthetic pathway 

which  results in h igher fibre contents than in temperate grass species at comparable 

stages of growth (Norton, 1 982). A feature of the C4 grass is a thick-walled bundle 

sheath which is slowly or partial ly degraded by rumen microorganisms ( Akin et ai., 

1 974). The parenchyma bundle sheath appears to be a major structural factor that often 

occup ies  a p romi ne n t  part in  t h e  res idue of C4 gras ses  u ndergo ing  m icrobial  

degradation. Additionally,  because of the photosynthetic pathway in  C4 grasses, the 

c hloroplasts wi th i11 bundle sheath are s torage sites for p lant s tarch .  This s tarch ,  a 

rap idly uti l isable so�r�e of energy by rumen bacteria and protozoa, i s  protected in the 

rigid sheath structure and is not avai lable for m icrobial use until the bundle sheath cell 

wall is disrupted (Akin and Burdick, 1 977). 

Grasses possess ing the C3 pathway for photosynthesis grown in temperate climates 

have a h igher ratio of mesophyll to vascu lar t issue than grasses which possess the C4 
p hotosynthetic pathway. The mesophyll  i s  the t issue most easi ly degraded by rumen 

microorganisms and it is often readily penetrated by microbial enzymes (Hanna et ai., 

1 973) .  

The m esophy l l  ce l l s  in  tropical gra ses  are more dense ly  packed than those in 

temperate grasses (Carolin et al. , 1 97 3 ). The lower ratio of mesophy l l  to vascular 

bundle sheath tissues in tropical grass restricts accessibi l i ty of plant cells to m icrobial 

digestion in  the rumen (Hanna et al. , 1 973) ,  thereby decreasing the rate of digestion of 

the bundle sheath and the enclosed vascular tissue (Akin and Burdick, 1 975) .  The h igh 

resistance offered to both mechanical and m icrobial degradation by the specialised leaf 

anatomy m ay partly explai n  the longer retent ion t ime of tropical grass forage i n  the 

rumen,  and the consequent lower vol un tary i ntake by ruminants con sumi ng these 

p lants (Thornton and Minson, 1 973 ). 

The lower tissue protein contents of tropical grasses compared with temperate grasses 

have been related to differences in their pathway of carbon fixation (Brown,  1 978) .  

The low protein content of tropical grasses poses a major l imitation to intensive forms 
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of an imal production . The prote in  content i n  both tem perate and tropical grasses 

dec l i ne  when  grasses  approaches  ma tu r i ty ,  and  prote in  con te n t  at maturi ty  i s  

determined b y  initial protein levels in vegetative t issue, the rate and extent  of decl ine 

and the final proportions of leaf and stem i n  the mature plant (Norton, 1 982). Crowder 

and Chheda ( 1 982) reviewed from 3 experiments and reported that the protein content 

decl ined from 1 7 .2  and 1 3 .4% at 4 weeks regrowth to 1 0 .4 and 7 .4% at 1 2  weeks 

regrowth i n  molasses grass and pangola grass respectively. 

Tropical grasses have lower concentrations of soluble carbohydrates than do temperate 

grasses ( Noble and Lowe, 1 974). Wi th i ncreasing maturity, the soluble carbohydrate 

content of grasses increases with i ncreased stem content .  

The nature and concentrations of structural carbohydrates in plant cel l wall s  are major 

determinants of forage quality. Cell wal ls  fOlm 30 to 80 percent of plant dry matter and 

vary as a source of energy.  The cel l wall content of leaves is usually lower than that of 

stem, and the cell wal l  content of grasses i ncreases cont inuously during growth to 

maturity. S ince leaf to stem ratio i s  lower i n  tropical grasses than in  temperate grasses, 

tropical grasses h ave therefore h igher cel l  wal l content than temperate grasses. The 

h igh  cel l  wall content of tropica l  grasses is a l so re la ted to h igher proportions of 

vascular tissue assoc iated with the special i sed anatomy of these C4 plants (See above; 

Lyttleton, 1 973 ;  Norton, 1 982). 

Crude fibre has  been the most common fraction u sed to des ignate the structural 

carbohydrate content  of herbage , a l though nei ther hemice l lulose nor pectins  are 

inc luded i n  th i s  frac tion (Lyttleto n ,  1 973 ) . Both tropi cal grasses and legumes are 

h igher i n  crude fibre content  t han  are tem perate spec i e s .  Mean va lues  for the 

concen trations of crude fibre are : tropical grasses, 33 .9%; tropical legumes, 30.3%; 

temperate grasses, 26.0%; temperate legumes, 25.3% (Norton, 1982). 

Cellulose and hemicellulose are the major polysacchruides in  the cell wall .  The ratio of 

cel l ulose to hemicel l ulose i s  h igher i n  trop ical grasses ( 1 .0- 1 .2 :  1 .0) than temperate 

grasses (0.7-0.9: 1 .0) , but this does not seem to affect cel l wall digestibi l i ty (Minson, 

1 97 1 ;  Ulyatt and Egan, 1 979). 
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Tropical grasses and legumes tend to have h igher l ign in  contents than temperate 

species (Harkin ,  1 973) .  The lignin content of the cel l  wall is the major determinant of 

the extent to which it can be digested. Lignin i s  a heterogeneous compound which i s  

not  digested either by ruminal microorganisms or by  intestinal enzymes. By bonding to 

p lant  fibre i t  pre vents  swel l i ng ,  thereby res tric t i ng en try of microbial digestive 

enzymes and consequently depressing fibre d igestib i l i ty (Norton, 1 982). 

Minson and Wilson ( 1 980) have determi ned from a survey of the l iterature that the 

mean dry m atter digestibility for tropical grasses was 55 .4% compared with 68.2% for 

temperate grasses. Similar, but smal ler, difference were also reported for legumes. 

2.3 

2.3. 1 

EFFECTS OF S UPPLEMENTARY FEEDING 

E FFECTS OF C O N C E NT R A T E  S U PP L E M E N T A T I O N  O N  

PASTURE INT A KE AND SUBSTITUTION 

There has been general agreement  that when upp lements are fed with unrestricted 

good quality pasture or forage, cows consume less pasture or forage although total feed 

i n take i s  often i ncreased (Bryan t and  Tri gg ,  1 9 8 2 ;  Meij s  and Hoekstra, 1 984; 

S tockdale and Trigg, 1 985 ;  Grainger, 1 987) . The term ' substitution rate ' i s  used to 

describe the amount  of reduction in pasture dry m atter intake when each 1 kgDM 

supplement i s  consumed. 

Grazing trials in the temperate region with lactat ing cows in early lactation have shown 

that feeding concentrates reduced herbage consumpt ion (Jennings and Holmes, 1984; 

Meijs  and Hoekstra, 1 984; Arriga-Jordan and Holmes, 1 986; Meijs,  1 986; S takelum, 

1 986a,b,c). The substitution rates varied between 0.03 and 0.79 kgDM/kg concentrate 

D M  consumed. Earlier, Leaver et ai. ( 1 969) reported a substi tution rate of 0.55 kg of 

herbage OM/kg concentrate OM eaten at restricted grazing with dairy cows. 
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I n  the tropics, however, few data for the effec t of supplementary feeding on pasture 

intake are available. Com bellas et al. ( 1 979) reported the depression in herbage OM 

intake for each  kg  concentrate OM eate n of 0 .53  kg which is  in  agreement with the 

range of 0.4 1 -0.60 kg calculated from the equations of Holmes and Jones ( 1 964). 

Cowan et ai. ( 1 977) showed that the subs t i tu tion rate was 0.90, whi le Tayler and 

Wilkinson ( 1 972) also measured a substitution rate of 0.94 for steers stall fed a pasture 

of 66% D M  digest ib i l i ty .  One tr ia l  s howed a n  i ncrease in  pasture i n take due to 

formaldehyde- treated casein supplementation (Flores et al. , 1 979). 

The substitution rate and the amount of total OM intake can be influenced by the type 

of supp lements, the feeding level of pasture and supplements, the quality of pasture 

and supplements, physiological state of animals and probably the interaction between 

these factors. 

2.3. 1 .1  Composition of Supplements 

Supplementary feeds are usually fed to dairy cows when herbage is in short supply. 

The effects of type of supplement on s ubst i tut ion rate are variable (Umoh and Holmes, 

1 974; Bryant and Trigg, 1 982), probably due to differences in feeding level, herbage 

quality or balance of the whole diet between experiments. 

some 
S upplementation wi th  h igh ly digest ible carbohydrate reduces rumen pH and fibre 

digestion (Mould et al., 1 983) .  I f  the rumen pH fal l s  below 6.0 a substantial reduction 

of the p roteolytic activ i ty was noted a we l l  as very low contents of proteolytic 

bacteria (Erfle et al. , 1 982). High levels of easi ly fermentable carbohydrate result in  a 

lower cel lulolytic activity of the microorgan i sms  in the rumen and lowers the rate of 

breakdown of fibrous particles i n  the reticulorumen. As  a result , the increased degree 

of rumen fil l  with non-fermented residue may restrict intake of new feed (Steg et ai. , 

1 985) .  

In  an indoor feeding trial Sutton et al. ( 1 984) on cows with ad libitum access  to hay 

and concentrates (9.5 kgDM/cow daily) contain ing h igh s tarch or h igh  fibre reported 

that daily hay DM intake was 8 kg/cow with a starchy concentrate and 8.9 kg/cow with 
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a fibrous concentrate. In contrast, in stal l-feeding trials with grass silages, Castle et al. 

( 1 98 1 )  found no effect of concentrate type on forage in take w hereas M ayne and 

Gordon ( 1984) observed lower intake of s i lage with a fibrous concentrate than with a 

starchy concentrate. However, in _ grazing experiments Meijs ( 1 986) reported 

subst i tut ion rates of 0.45 and 0 .2 1 kgOM/kg concentrate D M  eaten with a 

starchy concentrate and a fibrous concentrate respectively. 

Supplementation with a particular nutrient which is deficient in  the diet can i ncrease 

the intake of herbage resulting in a negative substitution rate. Protein supplementation, 

for example, can increase herbage intake when the herbage is deficient in protei n  

(Kempton, 1 983) .  I ncreases in D M  and cel lulose digestion and consequent i ncreases in  

roughage D M  intake were observed when a low-nitrogen basal diet was supplemented 

with either urea or casein (Orskov et al., 1 972;  Mehrez et ai. , 1 977) .  Weidmeier et al. 

( 1 983)  found increased cel l u lose and hem ice l lu lose digestib i l ities on w heat straw 

rations supplemented with soyabean meal . 

Reduction in substitution rate can be obtained by supplemention with high protein 

concentrate. Clements et al. ( 1 989) found a reduction in substitution rate from 0.22 to 

0.07 kgDM si lage/kg concentrate DM eaten when the concentration of protein in the 

concentrate was increased from 1 8  to 30% . Oldham ( 1 984) suggested that increases i n  

protein i nput resulted in increases in digest i b i l i ty  of the ration. H e  a lso reported that 

i ncreases i n  D M  digestib i l i ty in lactati ng cows offered rations of differing protein 

concentration were general ly ach ieved when CP concentration was increased up to 

approximately 1 5 %  in the ration . Further increases i n  CP concentration in the ration 

usually had no additional effect on OM digest ib i l i ty .  

There h ave  been a few recen t  reports  s howing increased forage in take by s teers 

supplemen ted with 27% CP com pared to 1 3% CP concentrates or no supplement 

(DelCurto et al. ,  1 990; Hannah et ai. , 1 99 1 ) . In  these tria ls  the forage was of extremely 

low quality (2 .3% CP, 79% N DF). I ncrease s in the concentration of protei n  in the 

concentrates would probably have increased the supply of RDP in the ration and hence 

i ncreased fibre digestion (Orskov et al., 1 972 ) .  
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The effect of improved am ino acid s upp ly ,  or am i n o  ac id balance (by inclusion of 

bypass protein in the concentrate) i n  the an imal  on i ntake control mechanisms has been 

proposed by Egan and Moir ( 1 965 ) .  If there i s  i n sufficient supply or imbalance of 

absorbed amino acids, this can l imit metabol ic path ways within the animal, reducing 

rates of utilisation of substrates and thus  imposing a l imit to voluntary intake (Forbes, 

1 986). It seems l ikely that deficiencies of essent ial amino acids resu l t  in reduced 

activities of key enzymes in metabolic pathways which are responsible for the removal 

of nutrients from circulation. These accumu late and may cause prolonged s timulation 

of chemoreceptors which fonn part of the negat ive feedback pathway to the centres of 

the brain controlling intake (Forbes, 1 986) . 

2.3. 1 .2 Level of Feeding 

The extent to whic h herbage DM i n take is  reduced in res ponse to supplementary 

feeding under grazing condi t ion is  largely depende n t  on leve l of herbage al lowance 

(Meij s  and Hoekstra, 1 984; G rainger  and Mathews,  1 989).  Regardless of the type of 

supplement fed, the substitution rate is i ncreased wi th  increasing  herbage allowance. 

Meijs and Hoekstra ( 1984) with  concentrate supp lemented to grazing cows, found that 

the substitution rate increased from 0. 1 I at a low herbage al lowance to 0.50 at a high 

herbage a l lowance.  G rainger a n d  M a t h e w s  ( 1 98 9 )  reported that pasture in ta ke 

decreased by 0, 0.25 and 0.65 kgDM/kg concentrate D M  eaten ,  at pasture allowances 

of 7.6, 1 7 . 1  and 33 .2  kgDM/cow dai ly .  A S i m i lar re l ationship was also observed with a 

h ay supplement (Eldridge an d  K a t ,  1 980:  W i l l s  and H olmes ,  1 988 )  and a s i lage 

supplement (Phillips and Leaver, 1 98 5 b ) .  

The relationship between the  amoun t  o f  s upp lement  con su med and  substitution rate 

h as been shown to be i ncon s i  t e n t .  How ver , i n  genera l ,  the first increment of 

concentrate addition displaces very l i t t le forage, bu t  a ·  the amount of concentrate fed is 

i ncreased, each additional unit of conce n trate d i sp laces  a larger amount of forage 

( Meijs ,  1 98 1 ). In reviewing 1 1  zero grazing experiments  covering the range 0-5 . 2  kg 

concentrates DM, Meij s  ( 1 98 1 )  found a mean subst i tu t ion rate of 0.45 . For a further 

increment of concentrates over the  ra nge 2 . 7 - 6 . 9  kg concen trate D M  i n  the same 

experimen t s ,  the m e a n  s u b s t i t u t i o n  ra t e  w a s  0 . 60 .  H o wever ,  t h i s  has not been 
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been confinned i n  grazing trials with l actating cows (Meij s  and Hoekstra, 1 984), with 

beef cattle (Umoh and Holmes, 1 974) and indoor trials (Taparia and Davey, 1 970) . In 

fact, S arker and Holmes ( 1 974),  Com bel l as et al. ( 1 979), and Stockdale and Trigg 

( 1 985)  even found a decreas ing substi tut ion rate at h igher concentrate i n takes by 

grazing dry cows, heifers and lactating cows re pect ively. 

2.3. 1.3 Quality of Basal Roughage 

The substitution rate can be affected by the qual i ty of basal roughage. Meijs ( 198 1 )  

rev iewed 1 1  i ndoor experiments  and su gge sted that  the  low substitution rate of 

Masubuchi  et al. ( 1 976) could be attributed to the low digestib i li ty (0.50-0.65) of 

roughage u sed and the resulting low herbage i nt ake. Holmes and Jones ( 1964) s howed 

a positive relationship between roughage digestibi l i ty and the depression in its i ntake 

by the concentrate . 

2.3.2 E F F E C T S  OF C O N C E NT R A T E  S U PP L E M ENT AT I O N  O N  

M I L K  YIELD A N D  COMPOSITION 

Many authors have reviewed the effects of supplementary feeding on milk yield and 

m i l k  com pos i t ion i n  t he  tem perate reg ions  ( Le aver et al . ,  1 968 ;  Journet and 

Demarqui l ly ,  1 979; Bryant and Trigg,  1 982) ,  and in the tropics  (Combellas et al. , 

1 979; Jennings and Holmes, 1 985) .  Reviews by Leaver et al. ( 1 968) and Jennings and 

Holmes ( 1 985)  concern ing feeding of supplementary concentrates to dairy cows on 

temperate and tropical pastures respec tive ly ,  gave mean response rates of 0.4 1 and 

0.63 kg milk/kg concentrate eaten. The variation in response was very high with CVs 

of 50 and 63% respectively. The main sources of variation in response rate were the 

quality and quantity of pasture fed and the qual ity of supplement, al l of which affected 

the degree of s ubstitution of roughage by concentrate . With regard to the quality of 

pasture, tropical pastures, wh ich  are of lower diges tib i l i ty than temperate pastures, 

were associated with greater response rates to concentrates .  At  low availabilities of 

pasture or forage, response rate was also i ncreased and substitution rate decreased. 
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With regard to concentrate composition, Meij s  ( 1 986) has shown with dairy cows 

grazing temperate pasture that concentrates based on digestib le fibre wil l  produce 

greater yields of milk and, in particular, m i lk fat than starch-based concentrates .  The 

most l ikely explanation for this is that starchy concentrates decrease rumen pH and 

reduce fibre digestion, resulting also in lower forage intakes (See 2 .3 . 1 . 1 ) . 

The protein  content  of the concentrate i s  important first in supplementing tropical 

pastures where dry m atter and crude prote i n  intakes tend to be low (Kaiser and 

Ashwood, 1 982a), and secondly where h igh levels of concentrates are fed stimulating 

milk production and raising protei n requirements (Kaiser and Ashwood, 1 982b) .  On 

temperate pastures, inclusion of fishmeal in  concentrates has increased the response 

rate from 1 . 2  to 1 .6 kg milk/kg concentrate DM consumed i n  high yielding cows (Le 

Du and Newberry, 1 980) . Supplementation of tropical pasture with protected protein 

h as resu l ted i n  response rates of 2 . 2  (Rogers and Porter, 1 978 )  to 2 .4  kg mi lk/kg 

concentrate DM consumed (Stobbs et al. , 1 977 ) ,  the response being greater when the 

energy requirements of the cows are satisfied (Davi on et al. , 1 982). 

The responses in  milk y ie ld (kg/kgDM) to the con umption of various c lasses of 

supplements, i n  the tropics are summarised in Table 2 . l . 1  

With regard to the protei n  supplement,  the responses ran ged from 0 . 8  kg  milk/kg 

soyabean meal DM eaten (Royal and Jeffrey, 1 972 )  to 2.4 kg milk/kg formaldehyde 

treated casein D M  eaten (Stobbs et al.,  1 97 7 ) .  

With the exception of protein supplements, the average response i s  0.45 kg milk/kg 

concentrate D M  eaten .  In most cases , the respon e in mi lk yield to 1 kg concentrate 

D M  eaten i s  below the theoretical expectat ion .  For example, 1 kgDM concentrate 

containing approximately 1 2  MIME should increase mi lk yield by approximately 2 kg, 

provided that there i s  no subs t i tu t ion  and prov ided that  a l l  the e xtra e nergy i s  

partitioned towards milk yield but not to body t i  sue deposi tion. 

The m ajor contribu tions of these observed lower response rel ative to theoretical 

e s tim a tion  are the  reduced pas tu re i n take when  concentrates  were consumed 

(substitution rate) , and the part i t ion of some the extra energy in take towards body 

tissue synthesis. 



Table 2. 1 . 1  Changes in yields o f  milk (kg/kgDM supplement) and milk fat (g/kgUM supplement) pcr unit  o f  udditionul conccntnltc i n  the 
tropics. 

Herbage Herbage Concentrate Total S u bstitu tioll Responses 
Avail- intake intake intake rate Milk Fat 
abiliLy of unsup- (kgDM/ (kg! (g! 

Reference Type of Concentrate p lemented kgDM kgDM kgDM 
cows concen- concen- concen-

(kgDM/cow (kgOM/cow (kgO M/cow (kgOM/cow trate trate trate 
daily) daily) daily) daily) eaten) eaten) eaten) 

B utterworth ( 1 96 1 )  Balanced Concentrate NR NR 2.4 N R  N R  +0.33  +12  

Aronovich et  ai. Balanced Concentrate N R  N R  1 .9 N R  N R  +0.37 N R  
( 1 965) NR N R  3 .8  NR N R  +0.42 N R  

Roy a l  and Jeffrey S oyabean meal N R  N R  1 . 1 - N R  N R  +0.82 +27 
( 1 972) M a ize N R  N R  2.7  N R  N R  +0.49 + 1 9  

" .  Maize + Soyabean meal  N R  N R  3 . X  N R  N R  +0.50 + I X  
P h i pps ( I ln � )  H ala lll: �d CllnC� l l l ra l �  N R  N R  4 . 5  N R  N R  +0.27 -� 

l i u l.I I l '1 l 1  ( I  n 4 )  Molass�s N R  N R  l . 7  N R  N R  -0. 1 6  - 1 2 

I : spcral lcc C[ al. 13a lanccLi Conccntratc N R  N R  2.0 N R  N R  +0.57 N R  
( 1 976) N R  N R  4 . 0  N R  N R  +0.35 N R  

Ph ipps  a nLi I-Iol tnes 13a lanceLi
' 
Concen trate N R  N R  2.0 N R  N R  +0.25 N R  

( 1 97 5 )  N R  N R  2.6 N R  N R  +0.30 N R  
N R  N R  4 .6  N R  N R  +0.46 N R  

Cowa n  et al. ( 1 975)  M aize N R  N R  3 .6 +0.64 +7 

....... 

N 



Martinez et a/. Balanced Concentrate NR N R  3 . 1 N R  N R  +0.66 N R  
( 1 976) N R  N R  3.7 N R  NR +0.40 N R  

N R  N R  6.9 N R  N R  +0.40 N R  

Jeffrey et ai. Mixed Grain (Exp.2) N R  N R  3.0 N R  NR +0.37 + 1 3  
( 1 976) Mixed Grain (Exp.3) N R  N R  3.0 N R  N R  +0.50 + 1 7  

S tobbs et al. Formaldehyde Treated Casei n  40 N R  1 .0 N R  NR +2.40 +30 
( 1 977) Casein 40 N R  1 .0 N R  NR +0.40 +80 

Cowan and Davison Maize NR NR 2.4 N R  N R  +0.62 +29 
( 1 978a) Molasses NR N R  3.0 N R  NR +0.50 +20 

Cowan and Davison Maize Low NR 3.0 N R  N R +0. 80 +27 
( I lY7 X h )  High N R  3.0 N R  N R  +0.27 + \ 3  

'" 

M a rt i no. ('1 1 1/ .  I b l : l l lcl'd COilcc i l l r: l lc  N R  N R  2 . 0  N R  N R  +O.Hl) +.1 2  
( 1 (>7 X )  N R  N R  3.0 N R  N R  +O. I l) + 1 1 

( \ 1 I 1 1 1ll.: 1 Ias  ('I (// . n a l a llcL:d COllcc l l l r: 1 1 L:  I X  () . I  3 .0 1 0. 1 O.(l7 +0. 30 +l) 
( 1 l)7l) ) I X  9. 1  (l .O 1 1 .7 0.57 +0.27 + \ 0  

Flores  el al. Luecaeflu luecoceplUlla 40 9 .3  0 .3  9 .6  0.00 +2.00 + 1 36 
( 1 979) 40 9.3  0.7 9 .7  0.43 + 1 .00 +48 

40 9 .3  1 . 3 1 0.4 0. 1 5  +0.54 +25 

Lekchom el a/. Balanced Concentrate 1 2  N R  2.7 N R  N R  +0.70 +23 
( 1 989) 1 2  N R  5 .4 N R  NR +0.46 + 1 4  

1 2  N R  8. 1 N R  NR +0.38 + 1 4  
1 2  N R  1 3.5  NR NR +0.29 + 1 2  

Davidson et ai. Meat and Bone Meal 4800 HM NR 0.5 N R  N R  + 1 .60 + 1 76 
( 1990) 

N R  = Not Reported. ...... 

u,) 
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I f  the substitution rate i s  taken into account by expressing the response i n  terms of kg 

m il k/kg extra DM actual ly eaten ,  the res ponse rates would h ave increased. Due to 

limited data avai lable on forage and total D M  i ntake reported in this table, only one 

experiment (CombeUas et  at., 1 979) can be lI sed to show the average response of 0.8 

kg mi lk/kg extra feed DM (concentrate p lus  pasture) eaten. It i s  obvious that even 

when the response is expressed as kg mi lk/kg extra feed D M  eaten ,  it is sti l l  lower than 

the expected theoretical response of 2 kg of mi lk .  It suggests that about 40% of the 

extra energy was partitioned towards mi lk  synthesis .  

Clark ( 1 975 )  summarised data from a num ber of experiments where the supply of 

amino acids was increased in the form of casein  infused abomasal ly in l actating  cows .  

A lthough gross efficiency increased with increasi ng mi lk  yield, casein had no effect on 

p artitioni n g  or net efficiency of m i l k  p roduction . Orskov et al. ( 1 977 )  observed 

i ncreased mi lk  energy outputs in excess of the energy i n  infused casein and further 

increases in  tissue energy loss indicating that the added casein was causing a shift i n  

the partition o f  nutrients from the diet and body s tores toward milk synthesis. In  a 

recent study by Whitelaw et aL. ( 1 986) ,  casein infusion resu l ted i n  increased milk yield 

and greater tissue energy loss but appeared to have no effect on the partial efficiency of 

milk synthesis .  

Rogers et  al. ( 1 979) reported yie ld responses of 0 .5 and 2.0 kg milk/kg supplement for 

untreated or formaldehyde-treated case i n  fed to cows on fresh grass .  Thomas et  al. 

( 1 985 )  supplemented dairy cows wi th 1 2 . 3 ,  1 5 .0 and 1 8 .6% CP by varying the fish 

meal  ( low-degradable protein )  concen trat ion and reported that incre asing the CP 

concentration in  the  supplements from 1 2 . 3  to 1 8 .6% (no significant differences in 

total DM intake) increased yields of milk and mi lk prote in .  The responses were related 

to an increased measured flow of protein i n to small  in testine . 

Oldham et aL. ( 1 985) and Holter et aL. ( 1 985 )  have reported increases in milk yield in 

response to reducing dietary protein degradabi l ity while others (Crooker et  al. , 1 983;  

Janicki et at. , 1 985; B lauwickel and Kincaid, 1 986; Erfle et aL. , 1 986; Lundquist et  ai. , 

1 986) have shown no such response .  The fai l ure of additional rum inal undegradable 

protei n  to increase mi lk  in  the latter experiments may have been caused by a number of 

factors such as high dietary CP in the base rat ion relative to the cows requirements, or 

uti l isation of low producing cows wi th  low nu tr ient requ irements,  or escape protein 
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which was less avai lable post-ruminally, or low ruminal ammonia concentration and 

decreased microbial synthes is  or in terac t ions w i th body energy mobil isation or 

utilisation (Nocek and Russell ,  1 987) .  

Oldham ( 1 984) suggested that increased dry matter intake may be responsible for the 

positive relationship between protein intake and milk yield. Other studies measured 

mi lk  production respon se to dietary crude protein intake (Claypool et al. ,  1 980; 

Cressman et al., 1 980; Edwards et al. ,  1 980; Roffler et ai . ,  1 978;  Nocek and Russel, 

1 987) and demonstrated that increasing dietary CP improved milk yield by increasing 

energy intake, and when increased dietary CP intake did not result in increased energy 

intake, only slight or no response i n  m ilk yield was observed (Cressman et al., 1 980). 

There are m any studies in which mi lk production increased with increasing crude 

protein in  the diet (Gordon ,  1 974;  Clark and Davis ,  1980; Oldham, 1 984). Oldham 

( 1 984) in summarising data from a number of · tudies , also demonstrated that much of 

the response i s  due to effects on rat ion d iges t i b i l i t ies and increased intake. For 

example ,  data from 1 3  studies where dietary prote i n  concentrations  were varied, 

showed that mi lk production responses in 1 0  of the studies were due to increased 

energy intake. However, responses i n  three experiments were greater than could be 

explained by the i ncreases in ME eaten and were probably due to altering either the 

efficiency or pattern of use of absorbed nutrients. The data of Tyrrel l  and Moe ( 1 980) 

c learly show that i ncreas ing  dietary CP re su l t s  i n  increased ME from the diet. 

However, the data also show no s ignificant effect of CP level on the net efficiency of 

energy uti l isation for milk production . S tudies by Roffler and Thacker ( 1 983) and data 

from a number of studies summarised by Roffler et ai. ( 1 986) show responses in milk 

yield to i ncreases in crude protei n  up to 200 g/kg ration dry matter with the effects 

mediated through increased intake of energy. 
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2.4 EFFECTS OF LEVEL OF FEEDING IN EARLY L ACTATION 

At a given level of feeding in early l ac ta t io n ,  cows lower in l ive weight  or body 

condition score at calving produce less mi Lk than cows calving at higher liveweight or 

condition score (Grainger et  al., 1 982) .  The liveweight or body condition score at 

calving rather than the rate of change in l iveweight  or condition score prior to calving 

i s  the more important factor affecting future product ion (Rogers et ai. , 1 979; Grainger 

et al. , 1 9 82 ;  King e t  a/. , 1 985 ) .  N e i t h er the  type of diet nor the level of feeding  

precalving had a measurable i nfl uence on subsequent mi lk  yield, mi lk  composition or 

l iveweight if the cows cal ved at s i m i l a r  we igh t  or condition score (Hutton ,  1 972;  

Rogers e t  al. , 1 98 1 ) .  

Changes in  level of feeding are reflected i n  both milk output of the cow and in changes 

in  body weight .  Underfeeding in  early lactation, for exam ple,  resulted in a reduction in 

milk yield, l iveweight and condition score,  and i n  an alteration of milk composition, 

not only during the time of underfeeding ( immediate effect) but also after underfeeding 

had finished (carryover effect) (Broster, 1 97 1 ,  1972;  Grainger et al. , 1 982; Broster and 

Broster, 1 984; Broster et al., 1 984; S tockdale et ai, 1 987) .  

2.4. 1 

2.4. 1 . 1  

EFFECTS OF L E V E L  O F  F E E D I NG O N  M I L K  YIELD A ND 

COMPOSITION 

Immediate Effect 

Underfeeding in  early l ac ta t ion reduced yie ld and a l tered the composition of milk. 

Bryant and Trigg  ( 1 982)  summ arised tr ia l s  from Australia and New Zealand and 

concluded that a decrease in DM int ake of ] kg caused a decrease in 39 g milk fat. The 

extent of this  decrease is proport iona l  to t he  durat ion and severity of u nderfeeding 

(Bryant and Trigg, 1 979; Grainger and W ilhe lms ,  1979). In addition, the response in 

milk yield to a change in level of feeding  is greater at a low level of feeding than at 

higher levels ,  is greater in higher than in lower yielding cows and is lower in mid-late 



1 7  

l actation than in  early lactation (Broster et ai. ,  1 98 1 ;  Broster and Broster, 1 984) . I t  i s  

i nteres t ing  to note ,  however, t hat good feed i ng after ca lv ing  wi l l  not entirely 

compensate for poor feeding prior to calving if the cows calve in low body condition 

score (Bryant, 1 980; Grainger et ai. , 1 982; Treacher et ai. , 1 986). 

Immediate effects of feeding level on mi lk  com position are small. Bryant and Trigg 

( 1 982) suggested that underfeeding in early lactation had an unpredictable effect on the 

concentration of milk fat, but generally reduced the concentration of protein and solid

not-fat in milk .  

2.4. 1.2 Carryover Effect 

The  effec t s  of u nderfeed i n g  i n  ear l y l ac ta t ion  on s u b seq uent  m i lk  yie ld and 

composition have been reviewed (Bro tel', 1 972 ;  Bryant and Trigg, 1 982; Broster and 

Broster, 1 984). 

Early works in  New Zealand, Hutton and Parker ( 1 973), Bryant and Trigg ( 1 979) and 

Glassey et ai. ( 1980) all found no s ign ificant residual effect on yields of underfeeding 

in early lactation. However, from ew Zealand and Australia trials, Bryant and Trigg 

( 1982) reported an average res idual effect of 0 .5 ,  or less, times the immediate effect of 

underfeeding  in early lactation . These can be compared with studies in the UK and 

Scotland, in which no residual effect (Blair ec ai. , 1 98 1 ;  Baker et ai., 1 982)�r�all and 

moderate carryover effect, up to 0 . 5 -0 . 7  t imes  the i m mediate effect  (Wood and 

Newcomb, 1 976; Johnson, 1 977 ;  Le Du et ai., 1 979) were observed. One trial in the 

tropics, Combellas et al. ( 1 979) also reported no res idual effect of underfeeding in  

early lactation . 

These resul ts contrasted to the early information from New Zealand (Wallace, 1 957;  

Patchel l ,  1 957) and from the UK (Bro. ter, 1 972 )  which reported carryover effect of 

three or more times the immediate effect. The contrasting results may be attributed to 

the vari ation i n  the dura t ion and severi ty of u nderfeeding, genetic merit, cows '  

condition and more important the s ub  equent level of feeding. 
ly 
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Data on subsequent effects on milk composi tion have been shown to be inconclusive. 

Flux and Patchell ( 1 957) reported a residual effect on milk fat concentration fol lowing 

underfeedin g  in early lactation whereas Grainger and Wilhelms ( 1 979) did not find 

this, despite an apparent effect from current  feeding .  Broster ( 1 972) summarised some 

early evidence showing a residual effect on protein  and lactose concentrations in  milk:. 

S teen and Gordon ( 1980a,b) and Glassey et al. ( 1 980) reported no residual effect on 

milk: composition. 

2.4.2 

2.4.2. 1 

EFFECTS OF L E V E L  O F  FEED ING ON L I V EWEIGHT AND 

BODY CONDITION SCOR E  

Immediate Effect 

Underfeeding  in early lac tation general ly reduced body weight and condition score 

(Bryant and Trigg, 1 979; Grainger et ai. , 1 982). An average of 1 74 g extra l iveweight, 

wi th  a range of 27-570 g ,  was associ ated w i th  an extra 1 kgDM in take in  trials 

summarised by Bryant and Trigg ( 1 982) .  The variabi l i ty of response may be attributed 

to differences in the extent of partit ioning of feed between mi lk and body gain .  Cows 

calving in low body condi tion, for exam ple, wi l l  use a greater proportion of the feed 

for l iveweight gain but a smaller proport ion for mi lk production than those with higher 

body condition at calving. A lso as a cow approaches i ts potential mi lk production an 

i ncreas i ng  proportion of the  e x tra feed consumed w i l l be part i tioned towards 

l iveweight gain and thus more feed wil l  be requ ired to produce extra mi lk production 

(Broster and Broster, 1 984). 

I t  should also be noted that at a given level of in take the greater the yield potential of 

the cow the smaller the body gain and in  conform i ty with this, the greater the partition 

of additional nutrients to milk than to body by the high yielding cows (Broster et ai. , 

1 975) .  
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2.4.2.2 Carryover Effect 

Cows fed less generously in early lactation gained more weight in mid lactation than 

did the previously better fed cows (Bryant and Trigg, 1 979; Grainger and Wilhelms, 

1 979; S tockdale et al., 1 98 1 ) . Grainger et ai. ( 1 982) reported that improved feeding in  

weeks 1 -5 of  lactation conserved body tissues, bu t  better body condition a t  calving was 

associated with greater body loss in this period. Tn weeks 6-20 on equal feeding,  

change in body condition score was inversely proport ional to feeding level in weeks I
S and the cow in better body condition at  ca lving continued to loss more condition 

score. B roster and Thomas ( 1 98 1 )  reviewed 46 trials and concluded that the cows fed 

poorly in  early lactation gained 0. 1 5  kg/day more weight in mid lactation than those 

well fed throughout. 

2.5 FACTORS A FFECTING T H E  INTAKE OF R U M INANTS 

The physical and metabolic factors affecting intake in ruminants have been extensively 

reviewed by a num ber of authors (Campl i ng,  1 970; Jones, 1 972; Baile and Forbes, 

1 974). Physiological factors such as age, sex and productive state of the animal which 

affect herbage i n take h ave been discussed by B i nes ( 1 976) and Weston ( 1 982) .  

Management factors and environmental factors such as cl imate, which may affect the 

intake of animals have been reviewed by Web tel' ( 1 976) and Weston ( 1 982). 

indoors 
Volun tary food i ntake of an i m a l s  i s  i n fl uenced by two main  groups of factors, 

metabolic factors - factors which influence the animal ' s requirements for nutrients and 

its abi l i ty to metabolise absorbed nu trien ts ,  and phys ical  fac tors - factors which 

influence the animal ' s  ability to consume the feed, to accommodate and digest i t  in the 

digestive tract (Baumgardt, 1 970; Bines, 1 97 1 ) . For grazing animals the regulation of 

food intake is  determ ined by the in ter-relation ship between these two fac tors and 

behavioural factors (Hodgson , 1 977) .  
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The control of food intake can be considered as a component of the homeostatic 

regulation of energy balance between the animal and i ts environment (Baumgardt, 

1 970; B ai le  and Forbes, 1 974; Baile and McLaughlin, 1 987). In general the animal 

attempts to maintain a constant energy balance by changing food intake in proportion 

to i t s  e ne rg y  req u irem e n t  and  i t s  al tered p h y s io l og ica l  and  e n v i ronme nta l  

circumstances (Baile and Forbes, 1 974) .  

Physiological control involves the potential feedback of the end products o f  digestion 

and metabolism to neural receptors i n  the brain .  The receptor sites for the feedback 

con tro l sy stem w h ic h  i n form the brain abou t  the n u tr i t ional state of the  body 

apparently originate in the gastrointesti nal tract, hepatic-portal system, adipose tissue 

and/or peripheral and cerebrospinal flu id ( Baumgardt, ] 970; Forbes, 1980). 

Volatile fatty acids rather than gl ucose are the mai n  products of energy digestion in 

ruminants and are possible components of the food intake regulation system (B aile and 

Mayer, 1 970; Bines, 1 97 1 ;  Van Soest, 1 982 ) .  Propionate and acetate are recognised as 

possible feedback s ignals of satiety in ruminants  (Baile and Mayer, 1 970) whereas 

butyrate is less important. The role of lactate i .  controvers ial, probably depressing the 

motility of the stomach (Forbes ,  1 980). 

I t  has been suggested that the fal l  in rumen pH i s  in volved in the cessation of intake 

(Kaufmann, 1 976), although, as for the free fatty acids ( Baile and Forbes, 1 974) in the 

short term, there is l ittle information to show if they are a cause rather than an effect of 

changes in feeding. 

2.5.2 PHYSICAL FACTORS 

With ruminants fed roughage diet s ,  food i n take is re stricted primari l y  by rumen 

capacity since it is evident that ruminant fed bulky and fibrous feeds may stop eating 

before they have consumed sufficient nu trients to obtain the dietary energy required by 
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their genetic potential for production (Camp l i ng, 1 970; Bines, 1 97 1 ;  Meijs ,  198 1 ). The 

p hys ica l  l imi tation is rel ated to the d i s te n t i on of the reticu lorumen and rate of 

disappearance of digesta from the ret iculorumen.  

2.5.2. 1 Distention of the Reticulorumen 

Ruminan ts fed a large proportion of rou g h age cons ume to a constant rumen fil l  

(Cam pl ing ,  1 970).  The s ize of t he rume n i s  part l y determ ined b y  the size of the 

abdominal  cavity, which appears to be l i m i ted in the extent to which it can stretch 

(Bines, 1 97 1 ). It appears that the rumen capac ity can be affected by foetal enlargement 

and fat deposition within the abdom i nal cav i ty ,  and t h i s  is associated with a reduced 

intake by animals (Forbes, 1 980) . There are stretch receptors i n  the rumen wall but the 

exact mechanism of transmiss ion st i l l  remains  unknown.  The probable mechanisms  are 

discomfort and stimulation of the h umoral in take regulating factors (Van Soest, 1 982). 

The physical limitation of space in the gastrointest inal  tract implies that volume rather 

than mass i s  of importance ( R aymond,  1 969; Wal do , 1 986).  Physical controls are 

primarily related to the capacity of the digest ive tract (Freer, 1 98 1 ), to the fibre content 

of the feeds and to the rate of degradation and pas sage, therefore the indigesti b le 

fraction of the D M  is  the major phys ical fac tor l im i t i ng in take (Chase, 1 985) .  

In  addition the physical properties of feed wi l l  influence quantities eaten at meals and 

patterns of eating.  H igher den si ty grai n s ,  for example, are l ikely to be consumed in 

large amounts in meals with low frequency, whi le low dens i ty straw diets are likely to 

be eaten in more frequent meal s of smal l  amounts (Bai le ,  1 975) .  

However, the role of gut fi l l  a s  the c o n t ro l  mec ha n i sm for food in take i s  s t i l l  

controversial, and it  has  been associated wi th  t he  type of  diet .  
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2.5.2.2 Rate of Disappearance of Digesta from the reticulorumen 

The rate at which  digesta passes  from the re tic u lorumen depends on the chemical 

composit ion of the  feed, the rate at wh i ch  the feed i s  b roken down physical ly 

(mastication and rumination) and chem ical ly (m icrobial and enzymatic digestion), the 

capacity of muscular contraction of the gut and the s ize of the reticulo-omasal orifice 

( Meij s ,  1 98 1 ;  Ulyatt et al. ,  1 9 85 ) .  Retent ion of feed i n  the reticu lorumen allows 

substantial m icrobial fermentat ion to take place, wi th  over 60% of OM diges tion 

occurring in the reticulorumen (U lyatt et ai. , 1 985 ) .  Retention time is influenced by a 

number of dietary factors such as the amount of feed consumed, physical form of the 

forages,  forage:concentrate ratios, fibre con tent and physical nature of the fibre (Freer, 

1 98 1 ;  S haver et al. , 1 986).  

Factors which are involved in the movement of part ic les  from the reticu lorumen 

include size of particles, dens i ty of particles, rate of reduction i n  particle size ,  cell wall 

content of the feed, hydration t ime, pH and osmotic pressure, s trength and frequency 

of ruminal and abomasal contractions (Shaver et ai., 1986). 

Undigested m aterial can pass through the re t ic u lo-om asal ori fice only after being  

reduced to  fine particles i .e. les than 2 .0 mm.  The cri tical s ize of partic les is relatively 

insensitive to changes in digest ib i l i ty, physical form of the feed, intake, type of pasture 

or l iveweight  of the animal .  The amou nt  of m aterial passed per contraction of the 

reticu l um  rather than the  part ic le  s i ze has  bee n s uggested to be probably more 

important in relation to rate of passage from the reticu lorumen (Shaver et aI. , 1 9  6). 

2.5.3 BEHAVIOURAL FACTORS FOR GRAZING CATTLE 

The fol lowing sect ion wi l l  concern the effects of sward characteri stics and herbage 

allowance on the herbage i ntake of grazing rum inants. 

Tradi t ional ly  accepted t heories  on the mechan i sms  of i ntake control in stal l  fed 

ruminants apply to the grazing an imal (Arnold, 1 970; Freer, 1 98 1 ) . However, the 
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grazing animal i s  faced with the additional tasks of searching for, prehending and 

harvesting the herbage. Therefore, the main differences between grazing ruminants and 

those indoor feeding ruminants are the access ibil ity of feed, the ability of ruminant  to 

take l arge bi tes  and thus  to consume herbage rapidly to sati sfy the l arge quantities 

required in a short time. 

When the quantity of herbage avai lable is abundant (ad libitum intake) the nutritive 

value of the herbage is most important in determin ing intake through its effects on 

grazing behaviour and the distention mechan ism . Where abundant herbage with a very 

high nutritive value is present, metabolic mechanisms are most l ikely to control intake. 

When the quantity of herbage available is low, herbage q uality may have l i ttle effect 

on intake, and intake is most l ike ly  to be l im ited by grazing behav iour con traints 

(Hodgson, 1 977;  Combellas and Hodgson, 1 979; Meij s, 198 1 ) . 

H erbage i n take i n  a graz i n g  s i t u a t ion  can be partit ioned in to i t s  beh avioural 

components (Allden and Wittaker, 1970), namely :  

I = I B  x RB x GT 

where the intake of herbage ( 1 )  i s  a product of the amount of herbage eaten per bite 

( IB) ,  the number of bites per un i t  t ime ( R B )  and the amount of time spent grazing 

COT). 

The variation in I B  is usually greater than variations in ei ther RB or GT (Stobbs,  1 973; 

Hodgson, 1 98 1 )  and appears to be the most sen. itive component to variations in sward 

conditions (bulk density, sward height, leaf/stem strength, sward structure). Since any 

compensating changes in R B  or GT are usua l ly  l i m i ted, I B  is l ike ly  to be a major 

determinant of daily herbage intake (Leaver, 1 985 ;  Hodgson, 1 985 ). 

The GT for a cow rarely exceeds 1 0- 1 2  hours/day (Leaver, 1 985 ;  Poppi et al., 1 987), 

otherwise grazin g  wou l d  i n terfere with rum ination time and other beh a  ioural 

requirements. In  the short term , the rate of herbage intake per minute of grazing time 

(RB x IB)  fal l s  steadily with increasing proxim ity of the grazed horizon to the ground 

level (Hodgson, 1 977),  because I B  decreases rapidly as pa ture height/mass decreases. 
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S up p lemen tat ion h a s  been reported to red u c e  GT b y  9 - 3 8  m i nu tes/kgD M of 

supplement for grazing cows supp lemented wi th  concentrates (Sarker and Holmes, 

1 974;  Joumet and Dem arqu i l l y ,  1 979 ; Arriga-Jordan and Holmes, 1 986) , s i lage 

(Phi l lips and Leaver, 1 985b), or Hay (Phi l l ips  and Leaver, 1 985a). 

2.5.4 PASTURE FACTORS 

2.5.4.1  Herbage Mass 

Herbage m as s  i s  important for con t i nuous ly  gra zed stock whereas dai ly  herbage 

a l lowance i s  more important for rotat iona l  grazed cows because both effectively 

control the quantity of herbage available for grazing each day. 

With rotational grazing, increases in herbage mass per u n i t  area have been reported to 

cause increases in daily herbage i ntake (Hodgson,  1 975;  Jamieson and Hodgson, 1 979; 

S tockdale and King ,  1 983 ;  Zoby and Ho lmes ,  1 9 83 ;  Forbes and Hodgson, 1 985 ;  

S tockdale, 1 985), while other studies have reported decreases or no change (Hodgson 

et aI. , 1 977; Reardon, 1 977; B artholomew et aL. , 1 98 1 ;  Hodgson, 1 977; Meijs ,  1 982). 

However, many examples have s hown the re lat io n s h i p  between herbage mass  and 

herbage intake to be asymptot i c  (Hodgson, 1 977 ;  Com bel las and Hodgson , 1 979; 

Hodgson and Jamieson, 1 98 1 ;  M eij s ,  1 982 ) .  S uch  re lat ionship indicates a constant 

increase in intake, if the response i s  l i neRr, or a dec l ining incrementRI increase, if the 

response is curvi linear, to a poi n t  - the asymptote - beyond which there is no further 

increase in intake. This decline i n  herbage i ntake, or total l ac k  of any further increase 

beyond the asymptote is generally re lated to the decrease i n  herbage quality (Meij s, 

1 98 1 ;  S tockdale, 1 985) associated with pasture aging. 

However, at a given herbage a l lowance, herbage i n take is u n l i ke l y  to be affected by 

the variation of herbage mass offered to lactat ing cows ( Holmes,  1 987) or dry cows 

(Holmes et al. , 1 979) .  Com b e l l as a n d  H odgson ,  1 979) confirmed the finding of 

Reardon ( 1 977) that herbage i n tRke was not affected by herbage mass within the range 

of 2000-4000 kgDM/ha but above t h i s  range in take decl i ned progressively. 
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2.5.4.2 Herbage Allowance 

For rotationa l  grazed s tock, herbage al lowance ( H A )  has  been s hown to be an 

i mportan t  determ i n a n t  of the herbage i n take and consequent ly  of the an imal 

performance of lactating cows (Com bel las and Hodgson, 1 979; Le Du et ai. , 1 979; 

Bryant ,  1 980;  G lassey et  at . , 1 980;  K i n g and S tockdale ,  1 984; M i tchel l , 1 985 ;  

S tockdale, 1 985) or non-lactating cows ( Holmes and McLenaghan, 1 980; Ngarmsak, 

1 982). 

The relat ionsh ips  between HA and h erbage i n take,  and between H A  and animal 

performance have been suggested to be asym ptotic (Com bel las and Hodgson, 1 979; 

Bryant, 1 980) . Herbage OM intake approaches a m ax imum at an al lowance 4 times 

greater than the amount actually consumed (Hodgson , 1 976), but only starts to decline 

markedly when HA is less than twice i n take for lactat ing  cows (Le Du et ai. , 1 979). In 

contrast, Combellas and Hodg on ( 1 979) reported that herbage intake of grazing cows 

was near maximal when grazing effic iency ,  defi ned as herbage intake expressed as a 

proportion of the herbage allowance, was 50% or less .  

Associated with i ncrease in HA is  an increase i n  residual  herbage mass (RHM), and 

H A  or R HM can be used to i n dicate herbage i n take (Le Du et ai., 1 979; H olmes, 

1 987). The effect of HA can be affec ted by pasture species (Stockdale, 1 985),  herbage 

m a s s  ( Com b e l l a s  and  H odgson , 1 9 7 9 ) ,  s e a s o n  ( Ho l m es ,  1 9 8 7 )  and qua l i ty 

( Hoogendoorn, 1 987). To avoid part of that variabi l i ty,  B utler et at. ( 1 987) suggested 

that H A  should be expressed i n  terms of green leaf al lowance. 

2.5.4.3 Herbage Digest ibi l i ty 

As  a general principle, digestibil ity i s  a sat isfactory way of examining nutritive value 

and its infl uence on the amount of food i n take by an animal (Hodgson, 1 977). It wil l  

be determined by  the pasture s pec i e s  prese n t , tage of growth and man agement 

imposed upon the pasture (Baker, 1976). Factors affecting herbage digestibi l ity have 

been reviewed by many authors ( Raymond, ] 969; Reid et at. , 1 980; Minson, 1 982). 
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Digestibility is a major determinant of pa ture quality, and consequently it can affect 

animal performance (Holmes, 1 987) .  Hodgson ( 1 977) showed a l i near and constant 

rate of increase in herbage intake over a range of digestibi l i ties up to OM digestibilities 

of 80-83% for grazing animals .  However, i n  most experiments quoted by Hodgson 

( 1 977), digestibility was confounded by changes in season and time of year, and also 

by the physiological state of the cows.  The relationship is therefore imprecise and it is 

not a good predictor. It seem s that the effect of digestib i l ity on herbage in take is  

related to rate of passage of feed through the dige tive tract. 

2.5.5 ANIMAL FACTORS 

2.5.5. 1 Size, Liveweight, Body Condi t ion, Age and Genotype 

The size of animal is critical in determin ing the volume of the abdomi nal cavity which 

is related to rumen capaci ty (B i nes ,  1979; Meij s ,  1 98 1 ) . In addit ion,  the s ize and 

liveweight  of animals are highly correlated. Vol untary in take i s  therefore positively 

rel ated to l iveweight .  However, for adu lt  an ima l s  l iveweight could be an imprecise 

scaler wi th  respect to body s i ze because  of differences in gut fi l l  or fat content 

although i t  is generally reported that the heavier animals eat more (Bines, 1 976, 1 979; 

Meijs, 1 98 1 ) . 

The re la t ion sh i p  between feed i n take and l i veweigh t  may be affec ted by  the 

confounding effect of the frame size and body fatness. For example, at any given size 

of animals  the fatter an ima l i s  a l so heav ier ,  therefore ,  i n take i s  often inversely 

corre l ated wi th  body weight  because i nc reased fatness  causes decreased in take 

(Forbes,  1 986). It is also evident that, at a comparable l iveweight, thin cows at calving 

ate more than fat cows (Broster and Broster, 1 984 ) .  

The age of  the cow infl uences i ts feed intake in  addition to  any  consequent effect of 

age on body wei gh t .  Feed i n take i ncrea e s  a '  an ima l  grows,  bu t  not i n  direct 

proportion to liveweight (Forbes, 1 986) . 
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The variation in feed intake associated with genotype can be explained by differences 

in body weight and in level of milk production (Owen, 1 988). For grazing cows, high 

breeding index (HBI )  cows ate more feed (6-20%) duri�e
p��\�f lactation than did low 

breeding index (LB I) cows (Holmes and McMil lan, 1 982). I t  is of interest to note that 

for the Friesians, HBI  cows were lighter than LBI cows but ate more feed per cow or 

per kgO.75 whereas Jersey H B I  cows were heavier than LB I cows and ate more feed 

per cow or per kgO.75 (Holmes et al., 1 985;  Bryant, 1 985) .  

2.5.5.2 Effect of Pregnancy 

D uring pregnancy the volume and nutrient dem and of the conceptus progre sively 

increase and the dam ' s  endocri ne status changes (Forbes,  1 970, 1 97 1 ). I ncreases in 

intake in  early and mid pregnancy (Forbes, 1 97 ] ;  Bines, 1 97 1 ,  1 976) might be caused 

by increases in metabolic rate, by the growth of the dam, by a possible increase in the 

rate of passage of the feed, by the energy req uirement of the developing foetus or by 

elevated progesterone level s  in the blood. 

It is generally accepted that the intake fal ls as paIturition approaches regardless of the 

type of diet (Forbes, 197 1 ;  Journet and Raymond, 1 976; Meijs ,  1 98 1 ). A decl ine of 0.2 

kgDM/week during the last 6 weeks of pregnancy was found by Journet and Raymond 

( 1 976). The decline in intake at this stage was probably due to a reduction in volumes 

of the abdominal cavity caused by physical compression of the uterus on the rumen 

(Bai le and Forbes, 1 974; B ines , ] 979), and/or abdom inal fat and endocrine changes 

(Forbes,  1 97 1 ). 

2.5.5.3 Effect of Lactation 

Many reports have shown tha t  l actat i ng cows ate more than non-l actating cows 

(Hutton, 1 963; Leaver et al. , 1 968; B ines, 1 976; Hodgson, 1 977), regardless of type of 

diet. On average lactating cows consumed 42% more than non-lactating cows of the 

same l iveweight  (ARC ,  1 980) , a l t hough  the effect of pregnancy was  probab ly  
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confounded in some reports. It has been suggested that the apparent greater intake was 

probably due to hypertrophy of the a l imen tary tract (Leaver, 1 985) or to hormonal 

differences (Freer, 198 1 ). 

Most s tudies of the feed intake i n  lactat i n g  animals have shown that there was a 

positive relationship between the level of m i l k  production and feed intake (Bine et aI., 

1 977;  A RC, 1 980; MAFF, 1 984). Feed i n take and m i l k  production show a different 

pattern of variation over the lactation. Milk production rises rapidly immediately after 

parturition and usual ly  reaches a peak between days 35 -50, and thereafter declines 

steadily  whereas food i n take i ncreases to reach a peak at an average of 1 6  weeks after 

parturition (Bines, 1 976, 1 979), developing a lag of energy i n take balance; reasons are 

incompletely established (Me ij s , 1 98 1 ) . I t  ha been sugges ted that the factors are of 

physical origin (Bines, 1 976), abdom inal  fat (Journet and Raymond, 1 976), delay of 

hypertrophy of gut wal l ,  l i ver  ( B i nes ,  1 979) ,  a l i m en tary tract or endocrinological 

factors (Meijs ,  1 98 1 ) . 

Taking the whole lactation period, however, feed i n take i s  l ike ly to show a positive 

relationship to lactation m il k  y ield, a l though other compl icat ing  effects may cloud this 

relationship (Owen ,  1 988) .  Over a lactat ion,  m u lt i  pie regre ssion studies indicate that 

when other factors are taken i n to account ,  for each increase of 1 kg in lactation yield 

the dry matter intake of the cow i ncreased by O.S  kg (ARC, 1 980) . 

2.5.6 EFFECT OF SUPPLEM ENTA RY FEEDING 

The effects of supplementary feeding  on the quant i ty of forage eaten, and on total feed 

intake, have been discussed previously i n  Section 2 . 3 .  I .  
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2.6 RUMINAL DIGEST ION 

Digestion is a complicated process in the rum inant .  The rumen is the l argest stomach 

encountered b y  the feed and accou nts for about  60% of digestion .  The processes 

occurring within the rumen therefore dictate to a large extent the nature of the nutrients 

available to the animal. 

Digestion in  the rumen is by microbial fermentation, the important feature of ruminant 

digestion being the ability of the m icroorgan i sms  i n  the rumen to digest the complex 

plant carbohydrates,  cel lu lose and hem ice l lu lose . 

The rumen environment appears to be contro l l ed by the type and quantity of food 

eaten,  salivation and rumination , diffusion or secretion into the rumen, absorption of 

nutrients from the rumen and passage of material down the digestive tract (Preston and 

Leng, 1 987) .  

Neutral conditions in the rumen are main tai ned by cont i nua l  adjustment of the pH of 

the ruminal fluid by the above processes, thus  ensuri ng con t i nuous fermentation .  The 

biomass of microbes in the rumen is ma in ta ined at a constant level by the passage of 

microbes down the digestive tract ,  and al 0 by death and lysis of the microorganisms 

within the rumen (Preston and Leng , 1 987) .  

The microbial ecosystem in t he  rumen i com p lex  and h ighly dependent on diet .  In  the 

rumen,  the molec u lar s tructure of p l a n t  ce l l  wal l s  is broken down by anaerobic 

bacteria, p rotozoa and fung i . The anaerob ic  bacteria are the principal agents for 

fermenting plant cell wall carbohydrates but  the anaerobic phycomycetous fungi may 

be extremely important  ( B auchop,  1 98 1 ) . There appears to  be a close relationship 

between fungi and the other m ic robes in the rumen s ince the fungi appear to be the 

first organisms to invade plant cell wal l s ,  wh ich allows bacterial fermentation to start 

and to continue (Bauchop, 1 98 1 ) . 
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In the rumen, the ingested feed which is previously broken down in the mouth during 

chewing mixes with rumen liquor and the residues of the previous meals and is  subject 

to breakdow n by several processes; microb ia l  digest ion ,  rumen contractions and 

further chewing following regurgitation during periods of rumination .  

The rate of breakdown i n  the rumen is  dependen t  on the physical and chemical 

composition of the feed. A high proportion of soluble constituents in  the feed usual ly 

resu l t s  i n  a quicker b reakdown  than  a h igh  p ro port ion of i nso lub le  s tructural 

components. 

Ruminal digestion is the product of the rate of ruminal  digestion of the digestible 

organic matter and ruminal retention time (the reciprocal of the fractional passage rate) 

of digesta. Rate of digestion is dependent not only on bacterial attachment and action, 

but also on the chemical properties of the substrate. 

2.6. 1 EFFECT OF RUMEN p H  ON R U M INAL DIGESTION 

Rate of digestion of fibre can general ly be decreased by a low ruminal pH. This may 

be due to the reduced prevalence or activity of ce l l ulolytic species (Russel l  et aI., 

1 979). By increasing  ruminal pH, buffers may increase rumi nal fibre digestion, either 

by reducing the lag time (the time req uired for the inoculation and elaboration of 

bacterial attachments to the substrate (Mertens and Ely, 1 979) or by increasing the rate 

of diges tion. Effects of rum ina1 digestion on rate of starch digestion are not wel l  

defined. Feeding buffers to i ncrease rum inal pH has reduced the extent of ruminal and 

total tract starch digestion (Erdman et at. , 1 982; Rogers and Davis, 1 982). This could 

be attributed to either a reduced rate of tarch digestion when ruminal pH increases or 

a decreased time of starch exposure to digestion in the rumen assoc iated with an 

i ncreased rate of passage of particles . 

Rumen p H  is normal ly be tween 5 . 5  and 7 .0 .  A reviewed by Tamminga ( 1 979) the 

evidence s uggests that the op t imum p H  for both proteolysis and deamination is 

between 6.0 and 7 .0. There are reports of lower p H  optima for ruminal proteases and 

deaminases, but since activity of both wi l l  be l arge ly dependent upon total bacterial 
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n u mbers,  rumen p H  in  a range b e t ween  6 .0 and 7 . 0 should be compatible with 

maximum microbial activity .  Under most feed i ng situations, pH in the rumen is in  a 

range where extensive breakdown of dietary prote i n  can occur. 

2.6.2 EFFECT OF PASSAGE RATE ON RUMINAL DIGESTION 

Rate of passage is a 'proportional rate , and calcu lated by dividing the actual outflow 

from the rumen (m l/h or g/h ) w i th  pool s i ze ( m l  or g i n  the rumen) .  It i s  often 

m ult ipl ied by 1 00 to express i n  term s of percen t  passage per unit of time (%/h) .  

Passage rate can be com bined direct ly  w i th  fract iona l  digestion rate of  potential ly 

digestible material to calculate the extent of rumi nal digestion (Waldo et al. , 1 972). 

Ruminal escape of potential ly digestible material as  a proportion of flow is equal to the 

passage rate (/h) divided by the sum of the fract ional rates (/h) of passage and digestion 

of potentially digestible materi a l . For example,  i f  the fract ional  passage rates were 0. 1 0  

/h and digestion rates were 0.05 /h , then the exten t  of ruminal escape would b e  67%.  

Level of feed intake can affect  t h e  rate o f  passage . A s  DM intake increases, ruminal 

l iquid volume, DM percentage in  rum i na l  conten t s  and rate of passage al l increase 

(Kennedy and Mil ligan, 1978;  Tam m inga , 1979 ; Evan , 1 98 1 ) . Increases in volume 

and DM content of the rumen w i l l  reduce the i mpact of feed intake on ruminal passage 

rate. Pregnancy, exercise, temperature, frequency of feeding and even time of day alter 

ruminal volume or motil ity and thereby change rate of pas age. 

2.6.3 EXTENT OF RUMINAL D IGESTION 

The extent of ruminal digestion i s  genera l ly  assumed to be more dependent on ruminal 

digestion rate that on rum i n a l  passage rate. Certa in l y , the range is greater for the 

former rate constant than it is for the latter. On a percen tage basis, the feed components 

most  affected by a c hange in pas sage rate are t hose w h i c h  are rapidly ,  but  not 

completely digested in the rumen .  For exam p le , when a feed with a digestion rate of 

0.04 has passage rate changed from 0.04 to 0.08, rum i nal e scape will  increase from 50 
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to 67% ( 1 7  units or 34%) .  The same passage rate change for material with digestion 

rate of 0. 1 0  increases escape from 29 to 44% ( 1 5  units or 52%).  I ncreased intake of a 

nu trien t  m ay not always increase the exten t  of escape, however, as the m icrobial 

population in  the rumen can adapt to spec ific sources of energy and nutrients. When 

feed intakes are h igh ,  time for fermentat ion becomes a more prominent limit to the 

extent of m icrobial fermentation.  The elevated rate of passage results in decreased 

exten t  of rum inal  digestion , bu t  wi l l  perm i t  feed in take to increase (Owens and 

Goetsch, 1 986). 

Increased intake does not usually reduce digestib i l i ty of forages fed in the long form, 

probably because of lengthy rumen retention of the forage particles. In contra t ,  total 

tract digestibility generally decreases when in take of a concentrate diet increases (Reid 

et ai. , 1 980). In addition to direct effects of level of feed intake on ruminal retention 

time, high feed intakes may reduce the degree of mastication and rumination as well  as 

ruminal pH, the latter causing reduced digestion rate. 

When feed i ntake increases, rum i nal dige t ion is us ually depressed more than total 

tract digestion because digestion i n  the smal l  i n te st ine (for concentrate feeds) and 

fermen tation i n  the l arge i n tes t i ne ( for concen trates and forages)  can partia l l y  

compensate. The degree of compensation i s  l i m i ted b y  particle size and flow rate 

(Orskov, 1 982) and conditions for po t-ruminal digestion (Owens et al., 1 984). 

Frequent feeding can decrease the lag t ime for digestion and should produce more 

constant flow rates to the smal l  i n te t i ne (Grovum and Will iams, 1 973), which can 

i ncrease i n test i nal  s tarc h  diges t ion . Freq uent  feedi n g  to es tab l i sh  steady-state 

conditions of nutrient outflow should maxim ise both ruminal digestion and output of 

microbial N .  

2.6.4 ORGA N IC MATTER DIGESTION IN THE RUMEN 

In  a review of  results for 28 fresh or  frozen grasses fed to sheep, Thomson and Beever 

( 1 980) concluded that the proportion of the digestible OM intake apparently digested 

in the rumen appeared to be unaffected by either forage species or feeding level (mean 
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value of  0.60). Similarly .  with sheep grazing native pastures in Australia, Corbett e t  al. 

( 1 982) obtained a value of 0.58 .  With hay and concentrate mixed diets fed to cattle, 

Smi th et al. ( 1 978)  also observed values of 0.67, 0.62 and 0.63 for ground n ut meal, 

fi s h  m e al a nd  soya bean  mea l  s u p p le m e n t s  re s pec t i ve l y .  Veira et al .  ( 1 9 80)  

supplemented 3 levels of soyabean meal to cattle fed on corn and straw base diet, and 

observed the values of 0 .56, 0. 5 3  and 0 .59 for the low, medium and high level of 

soyabean meal supplementation . 

2.6.5 P R O T E I N  D I G E S T I O N  ( O R  D E G R A D A T I O N )  I N  T H E  

RUMEN 

The crude protein (N x 6.25) in feeds contai ns true protei n  and non-protein n itrogen 

(NPN). Nitrogen in NPN is present in the fonn of peptides, free amino acids and their 

amides ,  amines,  n ucleotides, ureides and i norganic ni trogen in varying proportion 

(Hegarty and Peterson , 1 973) .  

Plant  proteins  may be divided in to leaf proteins and seed proteins .  Leaf proteins are 

almost entirely metabolic proteins  (enzymes) concerned with growth and biochemical 

functions of the leaf cells (Lyttleton, 1 973;  Mangan, 1 982) .  The seed proteins, on the 

other hand, constitute part of the reserve material in the seed to be used as a nutritive 

reserve for the embryo (Lyttleton, 1 973 ) .  

The true protein content frequently accounts for 75 to 80% of  the  total crude protein in 

fres h  forage protein  (Ly tt leton ,  1 97 3 )  and i n  seed protei ns  (Ersland et al . ,  1 983 ;  

S hewry and Mifl in ,  1 983) .  The water soluble leaf proteins (up  to 50% of  the  protein) ,  

contain two major c lasses of protein  cal led Fraction 1 and Fraction 2 .  Fraction 1 leaf 

protein is a single homogeneous prote i n  whi le Fraction 2 leaf protein is a complex 

mixture of many different proteins (Mangan,  1 982) .  The insoluble leaf protein s  often 

accoun t  for up  to 50% of the protei n w i t h  a major part associated with the l ipid 

material in the cell membrane structures ( Lyttleton, 1 973) .  
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The seed proteins ,  such as in barley seeds, contain 1 0-20% albumins (soluble i n  

distilled water or dilute salt solutions) and globulins (soluble i n  dilute salt solutions but 

not in distil led water) , 7-38% glutelins (soluble in dilute acid or alkal i) ,  and 30-40% 

prolamins (soluble only in dilute ethanol)(Shewry and Mifl in ,  1 983) .  Globulins are the 

m ajor s torage protein  in legume seeds and make up about 80% of the total protein 

content in the seeds (Ersland et al., 1 983) .  

s 
S ince natural feeds contain varying degree of the soluble and insoluble fractions ,  the 

degradability (rumen digestibility) of feed protein is also variable between individual 

feeds. The feeds that contain a large proport ion of soluble protein fraction are often 

degraded to a greater extent than those contain less soluble fraction (Lindberg, 1 985). 

However, soluble proteins such as serum albumin, oval albumin, chloroplast protein 

extract and soluble proteins from soyabean  meal and rapeseed meal have variable 

resistance to degradation in the rumen (Mahadevan et al., 1 980) . 

a 
Lindberg ( 1 98 1 )  suggested that part of the n i trogenous compounds in many natural 

feeding  stuffs are protected from degradation by a fibrous structure .  Consequently, 

before the insoluble nitrogen fraction can be potentially available for degradation, the 

fibrous structure has to be broken down by rumen microorganisms. A lthough this may 

be most pronounced for roughage (Lindberg and Varvikko, 1 982), the degradation of 

i n so lub le n itrogen was also nega t ive ly  correlated to the content of fibre ( eutral 

detergent fibre) in the oilseed cakes (Tamminga, 1 983 ) .  

Most feedingstuffs have to be treated i n  one way or another i n  order to preserve them 

over the feeding period. During dehydration (drying or w i l t ing) of the crop plant, 

proteins are degraded by plant enzymes to peptides, free amino acids and amides. The 

extent of proteolysis is i nfluenced by the water content of the crop, presence of oxygen 

and pH (McDonald, 1 982) .  When the crop is  ensiled the proteolysis is often more 

extensive than during drying owing to the high water content. 

Treatment of the feed proteins with heat, tann ins  or aldehydes can drastically change 

the solub i l i ty  of the proteins and their suscept i b i l i ty to hydrolys is  by en zymes 

(Ferguson , 1 975) .  Treatment of feed prote ins  with formaldehyde, for example, can 

protect part of proteins from degradation in the rumen (Chalupa, 1 975) .  
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There can be wide variation in protein degradation within and among feedstuffs, as 

well as significant differences among animal with regard to rumen environment and 

retention time of feed in the rumen. The rate and extent of degradation of a protein are 

likely to be influenced by its solubility. Soluble protein is thought to be very rapidly 

degraded in the rumen , but the insolub le  frac tion s are more slowly  degraded, at 

differen t  rates. Not only the rate of degradation , but also the rate of passage, which is 

influenced by the level of feed intake, affects the actual extent of protein degradation 

i n  the rumen (Orskov and McDonald, 1 979; Tamminga et al. , 1 979). 

The extent to which protein is  degraded in the rumen wi l l  depend upon m icrobial 

proteolytic activity in the rumen, microbial access to the protein, and rumen turnover. 

Differences in the proteolytic potential of rumen digestion under a variety of feeding 

conditions have been smal l .  Microbial  access to the protein seems to be the m ost 

important factor influencing protein degradat ion in the rumen. 

Retention time of feed protein in the rumen can i n fl uence protein degradation. Proteins 

retained for a short time  are degraded to a lesser extent than t hose with a longer 

retention t ime. Retention time is i n fluenced by particle size of the feed (Balch and 

Campling, 1 965) and by the quanti ty of the feed eaten (Balch and Campling, 1 965; 

Zinn et al. , 1 98 1 ;  Lindberg, 1 982) .  The amount of undegraded protein in  lactating 

cows eating either 8.2 or 1 2. 3  kgDM dai ly was 29 and 45% respectively (Tamminga et 

al., 1 979). High producing ruminants consum ing large quantities of feed are l ikely to 

have a larger percentage of undegraded pro te i n  t han animals consuming low or 

moderate amounts of feed. The effect of level of in take on retention time of feed 

particles,  however, is sometim es q u i te smal l  (Hartne l l  and Satter, 1 979) ,  and the 

impact on protein degradation may often be m i nor ( M i l ler, 1 973)  or non-exi stent  

(McAllan and Smith, 1 983) .  
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E F F E C T  O F  R U M E N A M M O N I A  C O N C E N T R A T I O N  O N  

RUMINAL D IGESTION 

A large proportion of the N requirements of rumen microbes for protein synthesis may 

be met from the rumen ammonia pool. These requ irements  are often expressed in the 

form of concentration i n  the rumen req u i red for maximum growth or ac t iv i ty .  

Optimum concentrations found to sustain maxim um bacterial activity and m icrobial 

protein synthesis have been variously reported to range from 6 to 90 mgNH3-N/litre 

(Schaeffer et ai. ,  1 980; Satter and Roffler, 1 975 ;  Pisu lewsk i  et ai. , 1 980) although 

many of these value were determ ined in vitro where requirements may be lower than 

in vivo. 
s 

However, other authors have reported that h igher concentrations of rumen ammonia 

were required to achieve maximum microbial protein or NAN flow at the duodenum to 

range from 90 to 240 mgNH3-N/l i tre (Al len and M i l ler, 1 976; Satter and Slyter, 1 974; 

Hume et al. , 1 970) . Hume et al. ( 1 970) reponed that  the maximum concentration of 

m icrobial protein  in the rumen corresponded with an ammonia concentration of 90 

mgNH3- N/li tre, but  more impOltan t ly ,  the flow of microbial protein from the rumen 

was greatest with an ammonia concen tration of 1 30 mgNH3-N/li tre. A l len and Mi l ler 

( 1 976) found that NAN flow through the abom asum increased linearly with increased 

intake of n itrogen in the foml of urea and the greatest flows occurred when ammonia 

concentrations in the rumen were 1 60 and 220 mg HyNlIitre .  Recent studies have 

clearly shown that for cattle fed low - low digestib i l i ty forage, the minimum level of 

rumen ammonia concentration for opt imum i n take i s  approximately 200 mgNH 3-

N/li tre (Krebs and Leng, 1 984; Boniface el ai . ,  1 986; Perdok et al. , 1 988) .  These 

resu l t s  are s i m i l ar to those  of M e h re z  e t  a i .  ( 1 97 7 )  wh ich  i ndicated that the 

disappearance of DM from polyester bags s Ll spended in the  rumen was maximised 

when the rumen concentration of ammonia was 230 mg H3-N/li tre . 

Urea supplementation to low qual i ty ( low protei n  and low digestibi l i ty) feed has been 

reported to increase rumen ammonia concentration,  increase digestibility of forage and 

increase forage D M  intake (Krebs and Leng, ] 984; Boniface et ai. , 1 986; Perdok et al. , 

1 988) ,  probably because of the consequent increase i n  rumen ammonia concentration . 
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2.6.7 EFFECT OF THER M A L  EN V I RONMENT ON DIG ESTION 

Ruminants are homeothermic animal and they attempt to maintain a constant deep 

body temperature (approximately 3rC).  As tem peratures increase, rum inants will 

attempt to reduce heat production by reduc ing energy or food intake (Young, 1 987). 

The reduced food intake may cause a reduction in rumen moti l ity. During exposure to 

hot environment, animal s '  metabol i sm is reduced and this was found to be associated 

with a reduction in thyroid secret ion and a n  i ncrea e i n  gut fi l l  (M i l ler et al. , 1 974; 

Fuquay, 1 98 1 ) .  Mil ler et al. ( 1 974) proposed that reduced gut moti lity resulting from 

low thyroid output in heat exposed cattle cou ld permi t  accumulation of material  i n  the 

rumen . I n  addit ion, Lippke ( 1 975 )  a l so s ugge s ted that thyro id acti v i ty ,  through i ts 

i nfluence on rate of passage, i s  an i m porr an t  m ed iating factor i n  the effects of heat 

stress on voluntary food i ntake and d i ges t i b i l i t y . 

When rumi nants are exposed to hot cond i r ions,  they attempt to i ncrease their rate of 

evaporative heat losses, wi th conseq uent i ncrease in water requ i rement (McDowell  et  

al. , 1 969; Bhattac harya and U wayjan ,  1 975) .  I ncre ases in  water consumption have 

been reported not to affect rumen metabol ism ( More el aL. , 1 983) .  

Earlier publ ished reports have shown a pos i t i ve relat ionsh ip between environmental 

temperature and energy digestion i n  ·hee p (Graham el at.,  1 959) and i n  steers (Blaxter 

and Wainman, 1 96 1 ) . However, there have a l so been severa l  confl icting reports and 

some of these migh t  be attr ibuted to a c o n fo u ndi ng tem perat ure treatments with 

variations in feed intake (Bhattacharya and Hu sai n ,  1 974; G uerrini ,  1 98 1 ) .  With cattle 

on roughage-based rations, increases i n  d iges t i bi lity with i ncreasing temperature (from 

20 to 3 3-40°C) have been reported ( Co ld i r z and Ke l l away, 1 972; McDowel l  e t  al., 

1 969) . However, no effect of i ncrea i ng  tem perature (from 20 to 30°C) in sheep fed a 

pelleted barley-alfalfa diet on digest ib i l ity was observed by Young and Degen ( 198 1 ) .  

The digestibility of forage-based diet · which tend to be fem1ented slowly appears to be 

more s u scepti b le to tem perature induc  d c ha nges  i n  m o t i l i ty and passage rate of 

digesta (Chris topherson and Ken nedy , 1 98 3 ) .  Ken nedy el al. ( 1 982) also suggested 

that digestib i lity of a rapidly ferme nt d concen trate d iet in sheep was unaffected by 

temperature. S im i l ar ly ,  W i l l i am a n d  I n n e s  ( 1 9 8 2 )  w i th young calves fed a mi lk  

replacer diet and McBride ( 1 982) (quoted by Chri s topherson and Kennedy, 1 983) with 
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l ambs  fed an a l l -concen trate diet  a lso reported no effect of tem perature on diet 

digesti bi l i ty .  With a m ixed hay : concen trate of 2 5 : 75 , 50 :50 and 7 5 : 25 diet fed to 

s heep ,  B h attacharya and Uwayjan  ( 1 975 ) reported no effect of temperat. ure on 

digestibilities of DM,  CP and energy . 

2.7 MEASUREMENT OF PROTEIN DEG RADA B ILITY 

Protein degradability can be estimated by il1 vUro, in vivo and in sacco methods. In 

vivo meas urements are assoc iated w i t h  s u rg ica l ly  operated animal ,  i n tensive labour, 

time consuming and large expense s .  A l though  several in vitro methods have been 

p roposed (Broderick ,  1 982) most i n t  r S I  d u r i ng recent years has focused on the in 

sacco technique. The main emphasis i n  t h i s  rev iew w i l l  be on estimates obtained with 

the in sacco technique. However, other procedure s  are also discussed. 

2.7.1  IN VIVO METHOD 

In  vivo measurements of  feed prote i n  degradab i l i ty usual ly require the use of surgically 

prepared animals equipped wi th  e i ther s im ple or re-enrranr cann ulae in the rumen and 

abomasum or duodenum (Mi l ler, 1 98 2 :  Li ndberg, 1 98 5 ) .  

Determination of digesta flow w i t h  a re - e n tran r  can n u la  may be accompanied with 

total col lection of the ingesta, or more com mon I y by llse of an indigestible digesta 

m arker and col lect ion of spot sam p l e ' ( Z i n n  el ai . , 1 9 80). W hen us ing an imal s 

prepared w i th T- type cannu l a, s pot sam ple s are taken and flow rate of digesta i s  

calculated by reference to digesta m ark rs . I t  i s  a l so necessary to use rel iable markers 

to calculate the flow of digesta and of 111 icrob ial  prote i n .  

T h e  amount o f  undegradable pro te i n  can  be e st imated a s  the d ifference between 

prote in  i n take ,and the s um of e ndoge n o u s  a n d  m icrob i al prote in  e n teri ng the 

abom as u m  or s m al l  i n tes t i ne . Procedures  for e s t imat ing m i c robia l  protei n are 

avai lable,  u t i l i s ing microbia l  markers such as nucle ic acids ,  diam i nopimelic acid 
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(DAPA), aminoethylenephosphoric acid (AEP),  or one of the radioisotopes, 35N, 32p, 

or 1 5N (Clark, 1 977) .  

Despite the difficu lties of measuring prote in  degradation in vivo, in vivo measurements 

are essential, for they serve as the standard agai nst  which all chemical or in vitro 

methods for estimating protein degradation must be evaluated (Lindberg, 1 985; NRC, 

1 985) .  

2.7.2 IN VITRO M ETHOD 

2.7.2. 1 Solubility 

The pri nc ip le of t hese de term i n at ion s i s  a n ex traction of t he  so lub le  n i trogen 

components in the feed with a solven t  for a set period of t ime.  A large number of 

solvents have been used to estimate the solub i l i ty such as McDougal ' mineral buffer 

(Crooker et aI. , 1 978) ,  Burroughs m ineral buffer ( Burroughs et al., 1 950; Wohlt et aI., 

1 973; Crooker et al. , 1 978 ;  Crawford er ai . ,  1 978 ) ,  Durand ' s  buffer (Lindberg et aI. , 

1 982),  sodium chloride (Smith e t  al . ,  1 959 :  L i t t le et ai. , 1 96 3 )  and dist i l led water 

(Little et al., 1 963) . 

The solubility can be infl uenced by variOLl s factors associated with the solven t  (e.g. 

pH, ionic strength) and the extraction procedure (e.g. temperature, extractio time, 

degree of agitation,  sample particle s i ze ) .  Example of differences between various 

solvents are given by Wohl t  et al. ( 1 973 ), Crawford el al. ( 1 978) and Vencl ( 1 983) .  

Several reports showed that the b u ffer- sol u b i l i ty  of feeds is  often closely related to 

short- term rumen degradabil i ty in sacco ( Nocek et ai. , 1 979; Lindberg et  ai. 1 982; 

S tern and Sat ter, 1 984)  and a lso that the corre lat ion progressively decreases wi th  

increasing i ncubation time in  sacco (S tern and Satter, 1 984).  There appears to  be poor 

agreement between buffer- solub i l i ty and effe c t i ve rumen degradab i l i ty of prote in  

across feed components bu t  with i n  the same c lass  of  feed i t  could be a feasible and 

simple way of obtaining estimates of degradabi l i ty (L indberg, 1 985) .  
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S tern and S atter ( 1 982) evaluated the relationship between N solubility i n  B urroughs 

m ineral buffer, N disappearance from dacron bags ,  and in vivo measurements of 

degraded intake protein for 34 total mixed diets containing various dietary N sources .  

They found that N solubil i ty was highly correlated with N disappearance from bags in 

the rumen for short exposure times, but as exposure t ime increased the correlation 

between these procedures progress ive ly  decreased. The corre l at ion between N 

solubility and degradation of protein  in vivo was poor (0.26), indicating that solubi lity 

may be a poor predictor of protein degradation . 

2.7.2.2 End-product Accumulat ion 

Measurements of the amount of ammon ia produced in vitro from a feed incubated with 

rumen l iquor have been sugges ted as one way of obta in ing es timates of protein  

degradation (Chamberlain and Thomas, 1 979 ) .  

The agreement between ammonia concen trat ion in vivo and in  vitro depends on the 

i ncubat ion period u sed in v itro . A com parab le descrip t ion  of the feed protein 

metabolism in vivo was obtained at 4 h in vitro incubations (den Braver, 1 980 quoted 

by Lindberg, 1 985). 

The e s t im ates  ob tained w i l l  be affected by the re l at ion be tween ferme n table 

carbohydrates and n i trogen i n  the feed and the i r  rate of degradat ion .  I n  feeds 

containing large amounts of readily ferme ntable carbohydrates a considerable amount 

of ammonia i s  used for microbial growth (Broderick, 1 978;  Chamberlain and Thomas, 

1 979)  and wi l l  l ead to an u nderestim ation of the true degradation . The ammonia 

production values therefore give the net result  for the balance between feed nitrogen 

degraded and the m icrobial protein produc tion possible rather than a true protein 

degradation value. 

Broderick ( 1 97 8 )  deve loped a sy stem for in  vitro determ i nations of the protein 

degradation from the end-product acc um ulation i n  the presence of hydrazine (inhibits 

amino acid deamina tion and ammonia  up take ) whereby descript ion of protein  

degradation a s  a first-order process enabled estimates to be  made of ruminal escape of 



4 1  

casein. The system has recently been appl ied a lso to typical ruminant feeds (Broderick, 

1 984). 

2.7.2.3 Continuous Fermentation 

The development  of continuous culture syste m s  for s tudies of rumen fermentation 

(Merry et ai., 1 983) provides an i n te rest i ng alternative way of obtaining estimates of 

protein degradation. I n  these systems,  sol id feed can be added continuously at variable 

rates and the turnover of solid and fl uid in the vessel  m ay be varied independently. 

Merry et al .  ( 1 98 3 )  obtained good agreem e n t  b e tw e e n  the conti nuous c u l ture 

parameters and in vivo measurements .  

2.7.2.4 Proteolytic Enzymes 

The use  of various  p ro t eol y t i c e n zy m e s  to e s t i m at e  feed  prote in  solu b i l i ty  or 

i n so lub i l i ty  ha s  attracted great i n te re s t  d u r i n g  rece n t  years . Poos et al. ( 1 980) 

compared estimates of in so lub i l ity in  0 . 1 5  M sod i u m  ch loride , 0.02 N sodiu m  

hydroxide and hot water and nitrogen disappearance in sacco (at 1 ,  4 ,  6, 8 ,  1 2  and 24 

h )  w i t h  an ima l  perform ance d a t a  o n  b e e f  c a t t l e  o n  9 die t s .  They found that 

d i sappearance w i th the  fu n g a l  p rote a s e s  w a s  m o s t  c lose l y  re l a ted to an imal 

performance data. 

Pichard and Van Soest ( 1 977) s uggested the use of a protease from Streptomyces 

griseus to predict  ra te of feed prote i n  deg rada t i on . I t  was  recen t ly  shown by  

Kri s h n am oonhy et  al .  ( 1 9 8 2 )  t ha t  i n  v i tro p roteo l y s i s  with  a protease from 

Streptomyces griseus was s i g n ifican t ly  ( p<O.O l ) rel ated to in vivo degradation of 

alfalfa hay and corn silage diets (n = 1 2 , r = 0.84) .  A n  incubation time of 1 8 h was 

suggested for grain m ixtures and 48 h for hay and si lage. 
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It appears that the in vitro procedures with the greatest potential to be an alternative to 

or to rep lace the in sacco method are the cont inuous fermentation systems and the 

proteolytic enzymes. However, more research is needed in this field of study. 

2.7.3 IN SACCO M ETHOD 

While the use of cannu lated anim al can provide estimates of protein degradation in 

the rumen,  in vivo est imates are l abour in ten ive and t ime consum ing .  A lternative 

techniques that can provide rapid, yet reasonable estimates of protein degradation for a 

wide variety of feedstuffs are des irable .  One of the promising approaches is the in 

sacco or nylon bag technique. Mehrez and Orskov ( 1 977) suggested that this in sacco 

technique is suitable for determination of protein degradation. 

The simplest appl ication is  to suspend the porous bags within the rumen in a ormal 

rumen environment for an arbi trary period of t ime, thus give a relat ive estimate of 

protein degradation. Alternatively, the extent of protein degradation can be determined 

at the moment when a predetermined percentage of the truly digestible organic matter 

has disappeared from the bag, thus sim ulating the extent of degradation in the rumen of 

normally fed animals (Orskov and Mehrez, 1 979). In other words, the extent of protein 

degradation was assumed to be equal to the proportion of N disappearing from the bag 

at that time when 90% of the digestible DM had disappeared from the bag (Mathers 

and Mi l ler, 1 98 1 ). However, rum inal  retention t ime and rum inal OM digestion vary 

among diets, intake levels and many other conditions .  

Several methods have been used to com bi  ne in sacco disappearance and ruminal 

di l ution rate information (Orskov and McDonald, 1 979; M athers and M il ler, 198 1 ) . 

These methods used rate constants for both n i trogen disappearance and passage rate. 

Details of in sacco, also cal led in situ, procedures have been extensively reviewed by 

Lindberg ( 1 985) .  
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FACTORS AFFECTING DETER M IN AT I O N  O F  RUMINAL 

PROTEIN DEGRADABILITY B Y  NYLON BAG TECHNIQUE 

A n um ber of fac tors can have an i n flue nce on the protei n  degradabil i ty values 

obtained. These include bag pore size (Mathers et al., 1 977; Weakley et al., 1 983), 

sample particle size (Mohamed and Smith ,  1 977) ,  sample size and bag size (Mehrez 

and Orskov, 1 977) ,  time of i ncubation i n  the rumen (Orskov et al. ,  1 980), animal 

species (Lindberg, 1985),  microbial nitrogen in  bag residues (Mathers and Aitchison, 

1 98 1 ), the basal diet of the cannulated animal (Ganev et al. , 1 979; Lindberg, 1 98 1 a), 

and the rate of outflow from the rumen of unfermented feed particles (Mehrez and 

Orskov, 1 977 ;  Orskov et al. ,  1 980; Ors kov el al., 1 983) .  Of these factors, the most 

importan t  influencing the degradabil i ty estimates of feedstuffs for ruminants, are the 

animal ' s  basal diet and the fractional outflow rate of undigested feed particles. 

2.7.4.1  Animal 's Basal Diet 

Factors affe c t i n g  the rumen m i c rof I ora w i l l  probab l y  have  an i n fl uence on 

measurements of rumen degradabil i ty by the nylon bag technique. Changing the basal 

diet from a high roughage to a h igh cereal content has often been found to have a 

negative influence on protein degradabil ity (L indberg, 1 985) .  Ganev et al. ( 1 979), for 

example, observed that the degradabi li ties of protei n  i n  the bags was lower (by 6 to 

1 0% )  when the sheep were fed a diet based on barley compared to a diet based on 

dried grass. The degradabi l it ies obtai ned in Denmark by us ing a hay-fed cow and a 

passage rate of 0.08/h are almost equivalent to the degradabi lities obtained in Sweden 

using cows fed a m ixed ration com posed of 50% concentrate and 50% hay and a 

passage rate of 0.05/h (Linberg, 1 985 ) .  However, not only the proportion of ro ghage 

to concentrate in the diet, but also the concentrate carbohydrate composition has to be 

considered. One of the main reasons for negative effects on protein degradation of a 

change in  carbohydrate sources and compo ition appears to be an effect on rumen pH 

( M ou l d  and Orskov , 1 9 8 3 ) .  Level  and source of n i trogen are both factors of 

importance for an active rumen microflora and can i n fluence the degradabil ity values 

(Lindberg, 1 985) .  
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2.7.4.2 Fractional Outflow Rate of Feed Particles 

The level of feeding  can have an infl uence on the outflow rate . Rates of protein  

degradation may be  lower when the diets are fed ad libitum than when they are given 

as restricted feeding, because of the enhanced rate of passage from the rumen. Orskov 

et al. ( 1 980) observed that degradabi l i ty decrea ed with increasing flow rates from the 

rumen , therefore the rum i nal passage rates have an effect on the degradation of 

proteins. 

It has been reported that the sol id outflow rates of various protein sources were usually 

in the range of 0.04 and 0.06 per hour (Li ndberg , 1 982; Stern and Satter, 1 982) and 

were qu i te constan t at a common  feedi n g  level  (L indberg,  1 98 2 ) .  Orskov and 

McDonald ( 1 979) have suggested the value of 0.046/h at restricted feeding and 0.060/h 

at ad bilitum feeding. The values of 0.03 -0.07 have also been reported for whole barley 

grain-fed sheep by Ganev et al. ( 1 979) and Mehrez et al. ( 1 980). The Feed Evaluation 

Unit of the UK A gric ultural Development and Advisory Service has now published 

tables , from nylon bag measurements, of degradabi l i ties at three values of fractional 

outflow rates (k); 0.02 for cattle and sheep given completely ground diets or a very low 

feeding level of a mixed diet; 0.05 for calves, low yielding dairy cows, beef cattle and 

sheep given a high level of mixed diets; 0.08 for high yielding dairy cows (fed at more 

than twice maintenance) g iven m ixed diets ; for a variety of feeds (ADAS,  1989) . 

2.7.4.3 Other Factors 

The choice of pore size of the bag c loth must be a com promise between the risk of 

losing undegraded feed particles, the extent of i nflow of solid rumen contents and the 

limitation of liquid inflow and outflow (Lindberg, 1 987) .  The presence of pores in the 

material is necessary to al low rumen  m icro-organ i sms  to gain access to the feed. 

E xcessively fine material  would defi n i te ly preve n t  entry of certain of the larger 

protozoa and possibly cause clogging of the pores owing  to m icro-colony formation on 
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the materia l ,  wh i le  excess ive ly l arge pores m ight al low loss of digested sample 

material or permit entry of the surrounding ingesta into the bag. 

The choice of a suitable sample particle size is  closely l inked to the bag pore size used 

(Lindberg, 1 985).  In bags with fine pore (i .e .  10 �m) the effect of particle s ize can be 

seen at long (24 hours) but not at short (2 to 6 hours )  i ncubation times (Lindberg, 

198 1 ) . If, on the other hand, the pore size is increased (>50 �m) the effect of particle 

size is most pronounced at short incubation times (Freer and Dove, 1 984). This is most 

l ikely due to differences i n  the inflow of l iquid and m icrobes in bags of differe t pore 

sizes (Lindberg et aI. , 1 984). 

2.8 SCOPE AND OBJECTIVES OF THE PRESENT STUDY 

Little information i s  available about the effects of supplementation with concentrates 

which differ i n  protein characteristic on the pe rformance of dairy cows fed on tropical 

forages in Thailand. 

Therefore a series of five experiments related to th i s  subject was carried out. In the 

first experiment, cows fed on fresh trop ical forage (grazed and cut) were given two 

levels and two types of supplements which differed in prote i n  characteris tics .  In the 

second experiment ,  cows fed on s i lage m ade from trop ical forage were g iven 

supplements  conta i n i ng  the same prote i n  conce n trat ion  bu t  d i fferi ng in  protein 

degradability (by inclus ion of urea) .  

I n  the third experiment, measurements were made i n  sacco of the protein degradability 

for 10 feedstuffs which are commonly used in  Thailand. 

In the fourth experiment, the effects of hot cl imatic conditions and dietary protein on 

rumen n i trogen metabol ism was measured in sheep fed on low quality hay, i n New 

Zealand. 

A final experiment measured the effects of a supplement, with high concentration of 

low degradable protein,  on milk production by cows grazing  on winter pasture in New 

Zealand. 

In addition, a feed planning exercise is also included. This is to quantify two dairying 

systems (monthly and seasonal calving) in Thailand by applying some of the present 

experimental data into the two systems. 



CHAPTER 3 

GENERAL M ATER IALS AND METHODS 
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3 GENERAL M ATER IALS AND METHODS 

3.1  ENVIRONMENT 

A series of tria l s  presented i n  th i s  study was conducted between May 1 99 0  and 

December 1 992, at various s ites of experiment .  These included the Dairy Farming 

Promotion Organisation of Thai land, Muak Lek, Saraburi and Khon Kaen Uni ersity, 

Khon Kaen, Thailand; the Massey No. 1 Dairy Falm and Massey Dairy Cattle Research 

Unit, Massey University, Palmerston North,  New Zealand. Specific details  of each site 

of experiment are therefore given in each chapter and in Appendices 2. 1 ,  2.2 and 2 .3 .  

3.2 METEOROLOG ICAL DATA 

As the trials varied from place to place and from time to time, meteorological data of 

each trial and each period are separately given in each chapter and in Appendix 1 .  

3.3 ANIMAL AND FEED MANAGEMENT 

The m anagement of both an ima l s  and feeds varied from tria l  to tria l .  S pec ific  

m anagement details  are therefore given in each chapter. 

3.4 ANIMAL AND FEED MEASUREMENTS 

The type and frequency of measurements made in each trial are presented in the 

appropriate chapters. The details of the techniques and equipments used to m ake each 

measurement are presented in Appendix 3 .  
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3.5 STATISTICA L  ANALYSES 

All data were analysed using a general l i near model procedure by S tatistical Analysis 

System (SAS) .  

Feed Intake Measurements 

The data on the i ntakes of dry matter, total dry matter, metabolisable energy, total 

metaboli sable energy, crude protein and tota l crude protein in Chapters 4, 5 , and 8 

were subject to univariate analysis of variance according to the model in Appendix 4. 1 . 

The data on intakes of feed DM and water in Chapter 7 were subject to analysis of 

variance i n  Latin Square according to the model in Appendix 4.4. 

Animal Performance 

The data on yields of milk, milk fat mi l k  protein and mi lk lactose; concen trations of 

milk fat milk protein and milk lactose in Chapters 4, 5 and 8 were subject to repeated 

measurement analysis of covariance according to the model in Appendix 4.3. 

The data on l iveweight and condition score change were subject to univariate analysis 

of variance according to the model in Appendix 4. 1 .  

The data on final liveweight and condit ion score were subject to analysis of covariance 

according to the model in Appendix 4.2 .  

In  Chapter 7 ,  the data on degradation and dige tib i l i ty of feeds were subject to analysis  

of variance in  Latin Square according to the model in Appendix 4.4. 

The data on rumen pH, rumen ammonia concentration and concentration and molar 

proportion of VFA in Chapter 7 were subject to mu l tivariate analysis of covariance i n  

Latin Square according to the model in Appendix 4.5 .  



CHA PTER 4 

THE EFFECT OF CONCENTRATE L E V EL AND TYPE OF PROTE IN 

ON DAIRY COW PERFORMANCE IN EARLY LACTATION 

FED ON FRESH T RO PI C A L  PASTURE 
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4.1  INTRODUCTION AND OBJECTI VES 

Productivity of cattle fed solely on tropical pastures i s  usually lower than that of cattle 

fed temperate pastures (Walker, 1 987) .  This lower production is mainly caused by the 

poorer feeding value (digestib i l i ty and crude protein  concentration) of the tropical 

pastures since relatively high levels of animal production can be achieved in the tropics 

if grain supplements are fed (Stobbs, 1 97 1 ;  Royal and Jeffrey, 1 972; Minson, 1 982). 

Tropical pastures are low in digestib i l i ty and nitrogen concentration (Hamilton et ai. , 

1 970),  so supplementary feeding, particularl y with energy and protein supplements ,  

would be expected to resu l t  i n  s ubstan tial increases in  nu trient i ntake and thus  in 

animal production. 

I n  a rev iew of supplementary feedi ng  of conce n trates to dairy cattle grazing on 

temperate pastures it was concluded that given ample pasture availability ,  responses in 

milk yield would be small and uneconom ical (Leaver et al. , 1 968).  Responses of 0.32 

and 0.40 kg milk/kgDM supplement were reported by Leaver et al. ( 1 968) and Joumet 

and Demarqui l ly ( 1 979) respectively . Roger ( 1 985)  rev iewed 4 experiment where 

cows were fed pasture and supplemented with protein-rich or energy-rich concentrates .  

In two experiments cows fed pasture to appeti te h ad modest increase in milk yield 

when g iven  prote in-rich concentrates ( the responses ranged from 0.35 to 0.48 kg 

mi lk/kgDM supplement) .  By comparison the responses to energy-rich concentrates 

were even smaller ranging from -0 . 2  to 0 .26  kg m i lk/kgDM supplement. In a third 

experimen t  w hen cow s were restricted on pas ture the response to a protein-rich 

supplement was s ignificantly higher than to an energy-rich supplement (milk yields 

were respectively 23.0 and 1 9.4 kg when 4 kgDM supplement from either protein-rich 

or energy-rich concentrates were fed) .  

With tropical pastures, Jennings and Holmes ( 1 985)  reviewed 1 1  short term trials 

varying  i n  type and amounts of supplements ,  and in the duration of feeding, and 

concluded that response in mi lk  yield to 1 kgDM supplement consumed averaged 0.47 

kg milk. When types of concentrate were taken into account, the response to energy

rich supplement, such as grain or molasse , was similar to the response from b lanced 

concentrates (0.52 and 0.40 kg mi lk/kg supplement respectively) whereas the response 

to a protein-rich supplement was cons iderably higher (0 .82 kg milk/kg supplement, 
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See Section 2 .3 .2 ,  Chapter 2). In these, the intake of pasture DM by cows on protein

rich supplement was higher than the pasture DM i ntake by cows on e nergy-rich 

supplement. I t  would appear that the feeding of protein-rich supplements resulted in a 

h igher intake of pasture than when feeding energy-rich supplements leading to higher 

total ME i ntakes and hence productiv ity from the fOlmer supplements . 

I n  contrast to the above evidence some authors reported that energy supplements 

produced larger responses than protein supplements. For example, Royal and Jeffrey 

( 1 972)  compared the effects of ei ther a prote in -rich or energy-rich supplement, or a 

combination of both, given to cows grazing Kikuyu dominant pastures.  They recorded 

a significant l inear correlation between the dry matter intake of the supplement and 

mi lk production, and concluded that m i lk production was limited more by energy than 

protein supply. However, other authors have shown that when cows were fed protein 

sources of low solubil i ty (Davison e( ai. ,  1 98 2 )  or low rumen-degradability (Stobbs et 

al. , 1 977; Flores et al. , 1 979),  the responses to additional protein were more evident. 

S tobbs et al. ( 1 977) obtained a 20% increase in milk yield (2.4 kg mi lk/kg supplement) 

when cows grazing tropical pastures  were supp lemen ted with 1 kgDM protected 

casein .  Davison et at. ( 1 990) recorded a 9% increase in milk yield ( 1 .6 kg m ilk/kg 

supplement) to cows fed meat-and-bone meal in early lactation while grazing tropical 

grass pastures .  The trial by S tobbs e(  al. ( 1 97 7 ) ,  in part icu lar, showed very large 

response, greater in fact than cou ld have been expec ted from the energy supplied by 

the supplement alone. 

In view of the lack of consistency in the above publ ished evidence, and the need for 

i nformation of relevance to Thailand, the present study was designed to determine the 

effects of two alternative prote in  supplements on an imal performance. The present 

investigation, consisting of an indoor feeding and a grazing experiment, was designed 

to m easure the effec t s  of two sup p lement s  ( con tai n i ng prote in  of h igh or low 

degradabil ity) fed at two levels, on mi lk  production by cows fed on tropical pasture. 

Effects on herbage intake , yields and composi tion of milk and liveweight change were 

also examined. 
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Protein supplements with different  degradabil ities were used because many published 

reports have sug gested h igher respon ses  from supplements  wi th  protein  of low 

degradabi l i ty ( i n c l u d i n g  the experi m e n t  i n  e w  Zea l and ,  Chapte r  8 ) .  H ig h  

degradabi l i ty protei n  supplements ( b y  i n c l u s ion o f  u rea) are commonly used i n  

Thailand. The choice of a large difference i n  crude protein concentration ( 1 7% and 

30% CP) was because the 30% supplement was used in the New Zealand experiment 

(Chapter 8) while the 1 7% CP supplement i s  commonly used in Thailand and this  was 

expected to give a wide range of R DP and UDP intake from the supplements. Two 

levels of supplement feeding (3 and 6 kg/cow dai ly)  were chosen because the low level 

(3 kg/cow dai ly) was used i n  the New Zea land experiment  and the high level (6 

kg/cow daily) is normally fed to dairy cow. in Thai land. 

4.2 INDOOR EXPER IM ENT 

4.2. 1 PRE-EX PER IMENTAL CON D IT I O NS 

The investi gation was conducted at the Dairy Farming  Promotion Organisation of 

Tha il and ,  M u ak lek ,  S arab ur i , Th a i la n d  for 7 weeks  ( 8  Oc t . - 26 Nov . 1 990) .  

Cl imatological data and  background  data for the experimental s i te are given in  

Appendices 1 . 1  and 2 . 1 .  

4.2.2 MATER IALS A N D  MET H O DS 

4.2.2.1 An imals and Treatments 

Forty crossbred dairy cows (62 .5-75% Hols te in  Friesian or Red Danish crossed with 

local Bas indicus breed) , in their first 3 months of lactation were randomly  allocated 

into 5 treatment groups of 8 cows each ,  and deta i l s  of treatments are presented below. 



Treatment l .  

Treatment 2.  

Treatment 3 .  

Treatment 4.  

Treatment 5.  

PF 

17PL 

1 7PH 

30PL 

- Pasture only. 

- Pasture plus 3 kg of 1 7%CP ( local ly used; high 

degradable protein )  concentrate. 

- Pasture plus 6 kg of 1 7%CP (locally used; high 

degradable protein )  concentrate. 

- Pasture plus 3 kg of 30%CP ( low-degradable 

protein) concentrate. 

30PH - Pasture plus 6 kg of 30%CP (low-degradable 

prote in)  concentrate. 

5 1  

The cows were housed in individual s tal ls ,  and given freshly cut pasture herbage which 

was cut by a doub le-chopped harves.ter.( 
Forty cows were selected, from 66 avai lable, fol lowing the measurement of mi lk  yields 

over 4 consecutive days (pre-exper ime ntal  period in Section 4 . 2 .2 .2 ) .  They were 

a l located to the five treatme n t  groups . Mean data for cow s at the  s tart of the 

experiment (over 4 days) are given in  Table 4.2 . 1 .  

Table 4.2. 1 Data for cows a t  t h e  start of t he experiment .  

Mean values for :  PF 1 7P L  1 7PH 30PL 30PH Sig.  

No. of cows 8 8 8 8 8 

Days i n  mi lk 45 42 48 47 50 NS 

Milk yield (kg/cow daily) 1 2 .4 1 2 .6 1 2 .4 1 1 .6 1 1 .5 NS 

Fat yield (kg/cow daily) 0.54 0 . 55 0 .56 0.54 0.48 NS 

S NF yield (kg/cow dai ly) 1 .05 1 .07 1 .05 0.98 0.98 

Fm concentration (%) 4.35 4 .38  4.48 4.7 1 4.49 N S  

S N F  concentration (%) 8.45 8 .48 8.47 8 .42 8.5 1 

Liveweight (kg) 368 385  396 377 364 NS 
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4.2.2.2 Animal and Feed Management 

An outline of the programme is summarised as fol lows:-

Indoor Experiment 

Preexperimental 

period 

Week 1 -2 

(Preliminary 

period) 

Week 3-6 

(Experimental 

period) 

- Before the start of the experiment, all cows were 

grazed as one group and were offered a daily  allowance of 

app ro x i m a t e l y  2 0  k g  of  h e rb a ge dry m at ter  (pa s tu re 

avai l ab i l i ty  be i ng  meas ured above approx imate ly  1 5  cm 

cutting height ) .  They were supplemented wi th  a locally u sed 

concentrate and fed according to their m ilk yield at the rate of 

0.5 kg concen trate per 1 kg mi lk .  Sixty six cows were then 

housed and fed cut pasture and the locally used concentrates .  

Milk yields were recorded on 4 consecutive days to select the 

balanced groups of experimental animals. 

- All cows (8  cows/treatment) were individually fed 

indoors and offered cut pasture ad libitum twice 

daily (0700am and 0430pm ) after m ilking. At this time the 2 

types and 2 leve ls  of concentrates were introduced to the 

supplemented cows according to their treatment groups twice 

dai ly (05 30am and 0300pm) before m ilking. 

- The Experimental Period I :  the cows were fed ad 

libitum cut pasture. Concentrates were fed to the 

supplemented cows according to their treatment group. Milk 

y i e l d  w a  re c o rd e d d a i l y ,  m i l k  fat  t w i c e  p e r  week 

(consecutive days) and l iveweight weekly. 
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Grazing Experiment (continued with the three groups PF, 1 7PH and 30PL) 

Week 7 

(Preliminary 

period) 

Week 8-9 

(Experimental 

period) 

4.2.2.3 

- All cows were turned out to pasture and grazed as 

one group, and al lowed approximately 20 kg of 

herbage dry matter/cow dai l y ,  measured at 1 5  cm above 

ground level, for 4 days. They were then grazed separately in 

the three treatment groups (PF, 1 7PH and 30PL) at the same 

common al lowance on pasture averaging  2,490 kgD M/ha 

pregrazing herbage m ass ( H M )  for a further 3 days and fed 

the appropri ate concen trates accordi ng  to treatment for a 

fU11her 3 days pre-experimental period. 

- Three groups of cows (PF, 1 7PH and 30PL) were 

grazed separately at an al lowance of approximately 

25 kg of herbage dry matter/cow daily  and fed concentrates 

according to treatment s .  M i lk yield, mi lk  fat and l iveweight 

were recorded a '  · tated above. 

Pastures and Supplements  

The pastures used were mainly Guinea grass (Panicum maximum) with small amounts 

of Centro (Centrosema pubescence) ,  and Ruzi grass (Brachiaria ruziziensis) receiving 

approximately 300 kg/ha 1 5- 1 5- 1 5  : P : K  annual ly and an approximate monthly (for 6-

7 months of rainy season) appl ication of 1 56 kg/ha of urea. 

The concentrates comprised mainly local feedstuffs ( See Table 4.2.2). The difference 

between the two concentrates was main ly in protei n degradabi l i ty .  The local ly used 

concentrate, which was the same as that used during  the pre-experimental period, 

contained protei n  of h igh degradabi l i ty main ly because of the inclus ion of 2% urea 

whereas the high protein meal was form ulated to be of low protein degradabili ty using 

values obtained from the l iterature. Detai ls of the ingredients used in the concentrates 

are given in  Table 4.2.2. 
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k g  
Table 4.2.2 The formulation of concentra tes used (per 1000 kg). 

1 7% CP 30% CP 

Ingredients High Low 

Degradability Degradability 

Canola (rape seed meal) SO 

Cassava (tapioca) 290 

Coconut meal 1 20 1 35 

Cotton seed meal I SO 290 

Kapok seed meal 1 0  

Maize 80 1 95 

Minerals 30 30 

Molasses 80 

Palm seed meal 1 80 1 00 

Peanut meal I SO 

Rice bran 40 

Soybean meal 250 

Urea 20 

4.2.3 MEASU REMENTS 

Unless otherwise stated, the methods and eq u ipmen t  u sed to make the measurements 

described below are those detailed in Append ix  3 .  

4.2.3. 1 Feed Measurements  

The weight of herbage offered to each cow and left uneaten by each cow in the indoor 

experiment were weighed twice dai ly at feeding  t ime.  Duplicate samples of herbage 

were taken twice dai ly before and afte r feed ing th roughout the experimental period and 
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then dried at 80°C for 36 hours . Th is enabled herbage DM intake each day to be 

calculated. A subsample of dried herbage bulked each week was ground through a 1 -

mm sieve and analysed for N concentration ( % ,  Kjeldahl) and in vitro digesti bi lity (%, 

Roughan and Holland, 1 977). 

Samples of each type of concentrate used were taken from each batch as i t  was mixed. 

A representative subsample was taken for chem ical analys is .  

4.2.3.2 A nimal Measurements 

Over the total experimental periods of 7 weeks, individual morning and evening m ilk 

yields were recorded dai ly. Aliquot m i lk samples were taken on two consecutive days 

weekly to analyse for fat concentration ll s i ng M i l ko tes ter  M K  I I I  ( Foss electric,  

Denmark) . Unfortunate ly ,  the only fOll r M i lko sca n s  (Foss electri c ,  Denmark) in 

Thailand were all out of order therefore protein  and lactose concentration could not be 

analysed. However, m i lk y ields from each cow in each group were bulked at each 

m ilking on two consecut ive days weekly, and on the same days as for fat analyses, 

mi lk samples were taken for SNF analyses (%Total sol ids - %Fat) See Appendix 3 . 1 . 1 . 

Liveweights were taken on 2 consecutive days and immediately after morning milking 

prior to the start of the experiment and at weekly intervals throughout. 

4.2.4 STATISTICAL ANALYSIS  

Al l  data were analysed using the Statistic Analysis System (SAS)  computing package 

(SAS Institute Inc . ,  Cary, NC 275 1 2-8000, USA .  1 985 ,86,87 ) 

Mi lk  yield, fat yield and fat concen tration were subjected to multivariate analysis in  

the sense that the variables were measured at different times on  the same i ndividuals . 

Repeated meas u rem e n ts of covari a nce  u : i n g  the  preexper i m e n ta l  y i e ld  and 

composition data as  covariates were ta ken in order to account for the different  error 
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structure that existed with in and between animals across measurement periods (Gill 

and Hafs, 1 97 1 ;  Morrison, 1 976; Bryant and Gi l l ings, 1 985) .  The nul l  hypothesis that 

the treatment effects were s imilar was tested within each time period. See Appendix 

4.3. 

H erbage i n take (indoor experiment) and l i veweight changes were analysed us ing 

analysis of variance (Steel and Torrie, 1 986). See Appendix 4. 1 .  

Final l iveweight was analysed using analysi s of covariance (S teel and Torrie, 1 986) 

using preexperimental l iveweight as covariate. See Appendix 4.2. 

Treatment effects were considered to be different if the level of s ignificance was less 

than 5% (p<O.05) .  Where significant differences between treatments existed, tests for 

differences between means were made using the criterion of least s ignificant difference 

(LSD) for univariate data, while the criterion of orthogonal contrasts were used in the 

case of multivariate data. 

The symbols *, ** and * * *  were u ed throughout to indicate the significance levels of 

p<O.05 , p<O.O l and p<O.OO l respectively. Where p>O.05, the term NS (not significant) 

was used. Where significant differences between treatments existed, and the number of 

treatments was greater than two, means followed by dissim ilar letters were different at 

p<O.05 . 

Relationships between performance and ration attri butes (MEl ,  RDP and UDP) were 

examined us ing  stepwise mUlt iple regression analyses after covariance adju tment, 

using the data from individual cows.  A variable was on ly included in a regression if it 

added significantly (p<O.05) to the model .  
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4.2.5 RESULTS 

4.2.5. 1  Chemical Analysis o f  t h e  Feeds 

The chemical composition of the concentrates presented in Table 4.2. 3 shows that they 

differed considerably in protein  concentration and degradabil ity. (See Table 4.2.3) . 

The est imates of metabol isable energy ( M E) concentrat ion in the two concentrates 

however were similar. 

Table 4.2.3 The chemical composition of concentrates (DM basis). 

Detail s :  

Dry matter (%) 

Crude protein  (%) 

Protein degradability (%) 1 1 

In vitro 

Dry m atter digestibil ity (%) 

Organic matter digestibil ity (%)  

Digestible organic matter 

in the dry matter (%) 

Ash (%) 

Metabolisable energy (MJ/kgDM)21 

1 7% CP 

High 

Oegradabil i ty 

89.9 

1 6.9  

0.65 

8 1 .6  

83 .8  

72 .2  

1 3 . 8  

1 1 .6 

I I  = Estimated from those values reported in hapter 6. 
21 = ME = 0. 1 6  DOM D (MAFF, 1 97 5 ) .  

30% CP 

Low 

Degradabil ity 

90.6 

28 .6 

0 .53 

80.6 

82.5 

73.8 

1 0.5 
1 1 . 8  
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The chemical analyses of the pasUlres fed in  th is  experiment are given in Table 4.2.4. 

The mean value of in vitro dry matter digesti b i l i ty was 6 1 .4 w ith a relatively  low 

protein  concentration due to considerable dead materia l  in the pasture. The value for 

protein degradabi li ty was obtained after 1 2  h incubation of ground samples (in nylon 

bags) placed in the rumen of fistulated animals .  

Table 4.2.4 Chemical analyses of the pastures. 

ill vitro ME21 

%DM %CP dg 1 1  %DMD %OMD %DOMD %ASH (MJI 

kgDM) 

Cut Qasture 

Week I 22.0 1 1 .2 0.43 6 1 . 2 60.6 54.6 9.9 8.7 

Week 2 23 .6 1 3 .6 0.42 63 .5  63. 8 56. 1 1 2. 1  9.0 

Week 3 22.4 1 1 .0 0 .33 6 1 . 3 6 1 . 5  54 . 2 1 1 . 8  8.7 

Week 4 24.8  1 1 .0  0 .39 5 8 . 8  59.3 53 .2  1 0.2  8 .5  

Week S 25 .6  1 2.6  0 .38 60.7 60.5  54 .7  9 .5  8 .8  

Week 6 23.4 1 2 .2 0.4 1 63. 1 64. 2  58 .2  9 .3  9 .3  

MEAN 23.6 1 1 .9 0.39 6 1 .4 6 1 .6 55.2 10.5 8.8 

(0.6) (0.4) ( 1 . 3 )  (0. 7 )  (0 .8 )  (0.7) (0.5)  (0. 1 )  

I I  = Protein degradabil ity after 1 2  h i ncubation (See Chapter 6). 
2/ = M E  = 0. 1 6DOMD (MAFF, 1 975 ) .  

Figures in brackets are Standard Error of  the Mean . 



59 

4.2.5.2 Feed I ntake 

Feed dry m at ter (OM) ,  feed metabol i sab le  energy ( ME) ,  and crude protei n (CP) 

offered both as pasture and as concen trate as well as total OM,  ME and CP offered are 

shown i n  Table 4.2.5 .  The mean in takes in term s of OM,  ME, CP for the individual 

treatment groups are also given in Table 4.2 . 5 .  

The unsupplemented cows (PF) consumed sign ificant ly more pasture DM (p<O.OO l )  

than the s upplemented groups .  Among the _ uppleme nted grou ps,  the 1 7PL cows 

consumed s ignificant ly  more pasture OM than the res t  (p<O.05) whi le the cows on 

1 7 PH concentrate consumed significant ly less pasture O M  than the others (p<O.05). 

The two groups with the low level of concen trates (2.7 kgOM/cow daily) ate more 

pasture DM than the two groups with the h igher level of concentrates (5 .4 kgDM/cow 

dai l y ) ,  bu t  the effec t of level of concen trate feedi n g  on pasture DM in take was 

significant only at the lower prote in level ( 1 7 PL and l 7 PH) .  

The in take of  concentrates reduced pasture in take in  a l l  treatments bu t  the extent of 

substitution of concentrate for pasture differed between groups. With the local ly used 

concen trate s ,  an i nc rease in leve l  of concen t rate supplementat ion s ign i ficant ly  

i ncreased (p<O.OO l )  the substitution rate. I n  contrast, th i s  was not found with the low 

degradable protein concentrate. I n  fac t, the extra 2 .7  kgOM received by the 30PH cows 

did not cause a significant decrease in pasture intake, compared with the 30PL group, 

as s tated above. 

For both concentrates, despite the su bstitution effect, supplementation increased total 

DM intake, i .e. the 2 groups receiving the high leve l of concen trates (5 .4 kgDM/cow 

dai ly) had the highest total DM intakes. 

Both the prote in concen trat ion and feed i n g  level of the concen trate s ign ificantly 

increased the total intake of total ME and P, with the h ighest intakes being recorded 

i n  the cows on the 30PH treatment. evertheless, it is i nteresting to note that the 1 7PH 

and 30PH cows had similar ME i nt akes ( 1 56 and 1 6 1  MJ/cow dai ly  respectively) but 

differen t  crude protein in takes ( 2 1 65 and 2 8 3 8  g/cow dai ly  respectively) while the 

1 7PH and 30PL cows had a sim i lar crude protein in takes (2 1 65 and 2 1 1 4 g/cow daily 

respectively) but different ME intakes ( 1 56 and 1 32 MJ/cow dai ly respectively) , 
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Table 4.2.5 Mean va lues for d ry ma t t er ( k g D M/cow dai ly) ,  metabol isable 

energy ( MJ/cow dai ly )  and crude protein (g/cow daily) on offer 

and eaten by cows. 

PF 1 7PL 1 7PH 30PL 30PH SEM S ig. 

Da matter offered 

As pasture 1 8 .4 1 8 .4 n � .4  1 8 .4  1 8 .4 
As concentrate 2.7 5 .4 2.6 5 .3  
Total 1 8 .4 2 1 . 1  2 3 . 8  2 1 .0 23.7 

Da matter eaten 
As pasture 1 3 .4a 1 2 . 7b l O. Sd 1 1 .5c 1 1 . 1  c 0.25 *** 

As concentrate 2.7 5 .4 2.6 5 .3  
Substitution rate I I 0.26c 0.54b 0 . 73a 0.43b 0.08 * * *  

Total 1 3 .4d 1 5 .4b 1 5 .9ab 1 4 . 1  c 1 6.4a 0 . 25 *** 

Metabolisable energy offered21 

As pasture 1 62 1 62 1 62 1 62 1 62 
As concentrate 3 1  6_1 3 1 63 
Total 1 62 1 93 2 2 5  1 93 225 

Metabolisable energy eaten21 

As pasture 1 1 8a 1 1 2b 93d lO l c 98c 2 .2  * * *  

As concentrate 3 1  63 3 1  63 
Total 1 1 8e 1 43c I S6b 1 32d 1 6 1 a 2.2 * * *  

Crude Qrotein eaten21 

As pasture 1 59 1 a 1 5 1 5ab 1 2S 2c I 370abc 1 322bc 1 20 * *  

As concentrate 456 9 1 3  744 1 5 1 6  
Total 1 59 1 d 1 9 1 4c 2 1 6S b 2 1 1 4b 2838a 52  * * *  

Crude protein 

concentration 1 1 .9 1 2 .4 1 3 .6 1 5 .0 1 7 . 3  

i n  total diets (%) 

I I calculated as pasture DM i n take by cows i n  the PF group minus  pasture D M  
intake by cows in  the s upp lemented g roups  t hen div ided by concentrate D M  

2/ 
intake by the cow on the part icu lar  ·upp lemen ted group). 
calculated from those resu l ts  shown in Table · 4 . 2 . 2  and 4.2 .3 .  
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4.2.5.3 A nimal Performance 

The mean values for yields of milk, m i lk fat, fat concentration and l iveweight change 

for treatment groups are presented in Table 4 .2 .6 .  The mean values of mi lk  yield 

before the start of the experiment were similar in all treatment groups (p>O.05). During 

the experimental period the unsupplemented cows had lower values of mi lk yields and 

m ilk fat y ie ld than the supplemented cows (p<O.OO I ) . No significant differences in 

m i lk yie ld between the s up p l e m e n ted cows ( 1 7 PL ,  1 7 PH ,  30PL and 30PH) were 

observed. Yie lds of fat in the 1 7PH and 30PH cows were s imi lar to the 30PL cows but 

were h i gher  t h an t he  1 7 PL c o w s .  Conc e n t ra t e  s u p p l e m e n ta t ion  red uced fat 

concentration in all supplemented groups re lat ive to the pasture fed group although this 

difference was not stat istically s ignificant (p>O.05 ) .  

Figures 4. 1 to 4.3 show the  c hanges i n  m i l k  y ie ld, m i l k  fat yie ld and fat concentration 

over the experimental period for the five t reatment  groups .  

The unsupplemented cows had a s ignifican t ly  lower value for final l iveweight than the 

supplemented cows (p<O .OO l ) . A l l  s u p p l em e n ted  cows  ga ined weight .  The cows 

receiving the low degradable protein supplement tended to gain more weight t an the 

others. 

The unsupplemented cows h ad a s ign ifican t ly  lower va lue for calculated net energy 

retention than the supplemented cows ( p<O.OO I ) . 
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Table 4.2.6 Mean performance values for in i t ia l ,  and experimental periods 
(adjusted by covariance to remove effects of di fferences present in 
in it ial  period) for yields of mi lk  (kg/cow daily), mi lk  fat (g/cow 
dai ly) ,  fa t con centrat ion  ( % ) ,  fi n al I i veweight (kg) ,  I iveweight 
change (g/day) and calculated net energy retention (MJ/day). 

Details: 

Initial 
Milk yield 
Fat yield 
S:NF yield II 
Fat conc. 
S�rp conc. 1I 

Experiment 
Milk yield 
Fat yield 
Fat conc. 
S�rp yield II 
SNF eonc. 11 

Responses 
Milk yield 
(kg/kg cone.) 
Fat yield 
(g/kg conc.) 

Final LW 
LW change 

Net energy 
retention 
(Net energy in milk 
plus liveweight)2/ 

Tl  
PF 

1 2.4 
536 
1 .05 
4.35 
8.45 

4.8b 

221c 
4.64 
0.40 
8 .36 

361c 

-4 1 1 c 

9c 

T2 T3 
1 7PL 1 7PH 

1 2.6 1 2.4 
55 1 555 
1 .07 1 .05 
4.38 4.48 
8.48 8.47 

9.2a 1 1 .3a 
390b 479a 

4.25 4.26 
0.78 0.97 
8.46 8 .61  

1 .6 . 1 .2 

63 ". 49 

384b 387ab 

1 46b 202ab 

39b 49a 

The results shown are covariance adjusted means. 

T4 T5 
30PL 30PH 

1 1 .6 1 1 .5 
538 5 1 6  

0.98 0.98 
4.7 1 4.49 
8.42 8.5 1 

1 O. 1 a 1 1 .7a 

439ab 495a 

4.47 4.36 
0.87 1 .04 
8.63 8.90 

2.0 1 . 3  

84 52 

395ab 40 1 a 

4 1 4a 548a 

46ab 53a 

1/ pooled samples from each treatment (no statistical test possible).  

SEM 

1 . 1  
59 

0040 

0.5 
30 

0. 1 6  

3. 1 
1 28 

5 .3  

Sig. 

NS 
NS 

NS 

* * *  
* * *  

NS 

* * *  
* * *  

* * *  

2/ net energy in m ilk estimated from equation 4 of Tyrrell  and Reid ( 1 965) net 
energy in liveweight assumed to be 2 1 .5 MJ/kg gain (ARC, 1980). 
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Figure 4 . 1  : The effect of type and amount of concentrate supplementation o n  milk 
yield. Vertical bars indicate standard error of least square means. 

PF = pature only. 

17PL = pasture plus 3 kg of 1 7 %  CP (locally used; high degradable 

protein) concentrate. 

1 7PH = pasture plus 6 kg of 1 7 %  CP (locally used; high degradable 

protein) concentrate. 

30PL = pasture p l u s  3 k g  of 3 0 %  CP ( l o w  de gradable protein)  

concentrate. 

30PH = pasture p lus  6 k g  o f  3 0 %  CP ( l o w  d e gradable protein) 

. concentrate. 
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4.2.5.4 Overal l  Relationships Between Nutrition And Performance 

A curvi l inear relationship between M E  intake and milk yield for individual cows (and 

treatment means) was found and is shown in Figure 4.4. 

The relations between ME intake, and net energy retention (milk plus l iveweight gain),  

net energy in  milk and in  l iveweight are shown in Figure 4.5.  While ME intake was an 

i mportant  determi nan t  of product ion the h igh  prote in  concen trate also resu l ted in 

sl ightly h igher retent ions of energy a l though the d iffere nces were not stati s tical l y  

significant. 

Assuming  that the prote in  degradab i l i ty  of low qua l i ty tropical pasture was 0.50 
(Corbett et al . ,  1 987; AAC, 1 990) and the concentrates had the degradabil i tie shown 

i n  Table 4 .2 . 3 .  (0.65 and 0 . 53  for 1 7 %CP loca l ly  used and 30%CP low degradab le 

protein concentrates respectively) ,  the est imated suppl ies of RDP and UDP to the cows 

were calculated (Table 4.2 .7) .  The resul t ing RDP/M E ratios in the rations consumed 

are also presented in this Table. The intakes of UDP and the ratios RDP/ME increased 

progressively from treatment  1 t hrough to 5 and the high plane of concentrate feeding 

also increased the RDP in takes for both types of concentra te .  The associations between 

RDP/ME, and net energy retention (m i l k  p lu s  liveweight) , net energy in milk and in 

l iveweight are shown in Figure 4.6 .  

By combining the data for m i l k  yield and l iveweight change (as MJ  net energy), i t  was 

possible to examine the i nfl uence of concentrate supp leme n tation on the apparent 

uti l isation of metabol isable energy intake (Table 4 . 2 . 8 ) .  S upplementation of pasture 

with concentrates c learly i ncreased M E  in take and the extent of the effect depended 

on level of feeding (See a l so Table  4 . 2 . 5 ) .  The parti t ioni ng  of energy between milk 

production and liveweight gain was different  for the two concentrates in that the 30% 

protein ration resul ted in more net  energy in l i veweight  ga in than the 1 7 %  protein 

ration. The ' apparent '  efficiencies of re tention of energy (mi lk plus liveweight gain), 

relative to ME avai lable above ma in tenance , was m uch  h igher for the concentrate 

supplemen ted groups and tended to be h igher for the 30% protei n  compared to the 

1 7 %  protein ration . The relationship between net energy in m i lk, in l iveweight, and net 

energy retention (milk plus l iveweight) ,  and ME avail able above maintenance is shown 

in Figure 4.9. 
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Table 4.2.7 T h e  s u p p l y  o f  r u m e n  d e g r a d a b l e  p r o t e i n  ( g/ d a y ,  R D P) ,  
undegradable protein (g/day, UDP) and the ratio of 
RDP/metabolisable energy intake (g/MJ). 

Detai l s :  Tl  T2 T3 T4 T5 
PF 1 7PL 1 7PH 30PL 30PH 

RDP supply l !  

As pasture 796 758  626 685 661 
As concentrates 296 593 394 803 
Total 

UDP supply 1 /  
796 1 054 1 2 1 9 1 079 1 464 

As pasture 796 75 8 626 685 66 1 
As concentrates 1 60 3 20 350 7 1 3  
Total 796 9 1 8  946 1035 1 374 

Total ME intake 1 1 8 1 43 1 56 1 32 1 6 1  

RDP/ME intake 6 .8  7 . 4  7 . 8  8 .2  9 . 1 

II Assuming protein degradabil i ty of pa, ture is 0.50 (Corbett et al . ,  1 987). 
Protein degradabilities of concentrates were est ima te d  from those values reported 
in  Chapter 6. 

Table 4.2.8 Estimates of the part i t ion ing of metabol isable energy intake (MJ), 
by treatment groups. 

Detai l s :  

( 1 )  

(2) 

(3) 

(4) 

Total ME intake 

ME requirement 1 1  

for maintenance 

Net energy in milk21 

Net energy in L W031 

T 1 
PF 

1 I 8e 

49 

l Sd 

-9d 

(5) Total Energy Retention41 9c 

(6) MEI - M Em 
51 69d 

(7) Efficiency61 0. 1 4c 

I I  MEm = 0.60LWO.75 

T2 
1 7PL 

1 43c 

5 3  

36c 

3c 

39b 

90b 

0.44b 

T3 
1 7PH 

1 56b 

54 

45a 

4bc 

49a 

1 02a 

0.49ab 

21 From Equation 4 of Tyrrel l  and Reid ( 1 965 ) .  
31 2 1 .5 MJ/kg gain (ARC, 1 980). 

T4 T5 SEM Sig. 
30PL 30PH 

1 32d 1 6 1 a 2.2 * * *  

5 3 5 2  2.6 N S  

37bc 42ab 2.6 *** 

9ab 1 2a 2 .8 * * *  

46ab 53a 3 .7 * * *  

79c 1 08a 3 .2  *** 

0.59a 0.50ab 0.05 * * *  

41 (3) + (4). 
51 ( 1 )  - (2). 
6/ (5)/(6). 
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Because the productivity of cows in the different treatments was related to both energy 

and protein contents of the concentrates ,  an attempt was made to separate out their 

individual effects by using multiple regression analyses (Table 4.2.9). Milk yield, net 

energy in m ilk ,  net energy in l ivewe igh t  and total energy reten t ion (m i l k  p lu s  

liveweight) were all related to i ntake of M E. Total energy retention was also related to 

intakes of ME and CPo 

Table 4.2.9 S i g n i fi c a n t  reg.oess ion  e q u a t i ons  d es cri b i n g  t h e  assoc iat ion 

between the intakes of  metabolisable energy (MEl,  MJ/cow daily) 

a n d  crude prote i n  i n t a kes ( C P I ,  g/cow da i ly ) ,  a n d  mi lk  yield 

(kg/cow dai ly) ,  net energy i n  mi l k  (MJ/cow daily), net energy in 

l i veweight (MJ/cow da i ly ) and tota l  energy retention ( MJ/cow 

daily).  

Regression equations 

Milk Yield = -9.6 + O. I MEI  0 .58 

(2 .6)  (0.02) 
:T: * *  

Total energy = -74.8 + 0.8MEI 0.56 

retention ( 1 6. 2 )  (0. 1 ) 
* * *  

= -63 .7  + O.S MEI + O.O l CPI 0.6 1 

( 1 6. 3 )  (0. 1 5 ) (0 .004) 
* * *  * * 'i: 

Net energy = -34.6 + O.S MEI 0.57 

in mi lk (9 .8)  (0 .07 ) 
* * *  

Net energy = -40. 3 + 0 .3MEI  0.3 1  

in LWG ( 1 0. 2 )  (0.07) 
�(. * *  
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Corre la t ion  be tween  t he  i n t akes of M E ,  R O P, U D P or tota l  C P  and  a n i m al 

perfonnance were also examined. The results are given in  Table 4.2. 10 .  The intakes of 

RDP, U D P  or total CP were s ign ifican t ly  (p<O.OO l )  correlated to energy retention 

(ER), net energy in milk ( ME) ,  net energy in liveweight (LWE) or milk yield (MY). 

Milk yield was positively related to M El ( r  = 0.76), RDP (r = 0.73), and CPI (r = 0.64). 

A slight but significant relation (r  = 0.50; p<O.O I )  was observed between UDP intake 

and milk yield. 

4.2.5.5 Summary of the Results 

1 .  Concentrate supplementation reduced forage OM intake, ranging from 0.26 to 0.73 

kglkg concentrate OM consumed, in  al l  treatments .  

2. Yields of milk and milk fat were increased by concen trate supplementatio . M ilk 

yields between the supplemented groups were not significantly different al though 

the .level of concentrate supplementation tended to i ncreased m i lk yield at a greater 
hIgh 

extent than the low level of supplementation . 

3 .  The supplemented cows gai ned we igh t  wherea ' the un supplemented cows lost 

weight. 

4. The ' apparent '  efficiency of u se of ME above main ten ance was lowest in the 

unsupplemented group, however, those val Lies  for the supplemented groups were 

still low relative to those reponed i n  cows on the tem perate pastures, 



* * 
Tahlc 4.2. 1 () Correlat ion coefficients bet ween performance a nd nutri t ion (the lower figures a re probab i l i ty > I l{ l under 110: Rho=O / n=40). 
- -- -- ------- -

M Y  

ER 

ME 

LWE 

['v I  1 ·: 1  

1< I ) I )  

U I ) P  

C P I  

M Y  
1 .000 
0.000 

0.906 
0.000 1 

0.996 
0.000 1 

( ) . 7 (1) 
( ) .  ( J( )( )  I 

0 .7.12 
( ) . ( )O( ) I 

( JAW) 
( ) . OO I I  

0.635 
0.000 I 

ER M E  

1 .000 
0.000 

0.9 1 5  1 .000 
0.000 1 0.000 

0.R74 
( ) .OOO I 

( ) . 7) )  ( J .  7 () I 
( ) . ( )( JO I ( ) .  ( J( )O 1 

( U<0 2  ( ) .  7 flO 

( U l( )( )  I ( WOO I 

O.64R 0.5 1 5  
( J . OOO I 0.0007 

0.747 O.M9 
0.000 I 0.000 1 

* 
These parameters are not independent to each other. 

--.�- -.---

LWE M E l  R D P  U DP 

1 .000 
0.000 

0 . 5 7 5  1 . O( )( ) 

( ) . ( )O( J I O .  ( )( )( )  

OHM ( ) . (no
* 1 . ( )O( ) 

O. ( )( )( )  1 ( ) .OOO I ( ) .  ( )OO 

O'()SSl 0.7 14* 
O.Sl05 1 .000 

0.000 1 0.000 1 0.000 1 0.000 

0.694 0.R4R* 0.979 0.973 
(WOO l 0.000 1 0.000 1 0.000 1 

* * The probability that a R statistic would obtain a greater absolute value than that observed given that the true parameter is O. 

CPI 

1 .000 
0.000 

-..) 
o 
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4.2.6 D ISCUSSION 

4.2.6.1 Effect of Concentrate Supplementat ion on Herbage Intake 

In the present study, DM intake of 1 3 .4 kg/cow dai ly by the unsupplemented cow was 

relatively high for 61 % DMD pasture compared with those data obtained on temperate 

pastures (Hodgson , 1 977) .  M inson ( 1 980) exam ined t he re lationsh ip be tween the 

voluntary intake of a wide range of temperate and tropical grasses, and the dige tibil i ty 

of the dry matter, and at a given digest ib i l ity (for example 60%) the mean voluntary 

intake of tropical grasses was 20% h igher than for temperates .  This higher intake of the 

tropical grasses is apparently due to a difference in s tructures, as tropical grasses, with 

a digesti b i l i ty of 60%, are you ng  and re lat ive ly leafy wh i le tem perate grasses of 

similar digestibi lity are very mature and stem my. 

Among the poss ib le factors wh ich  may affect the dry m atter in take of forage by 

rum inan t s ,  the  amou n t  of concen trates fed as a su p p lemen t i s  one of the mos t  

im portant .  Genera l ly ,  w i th dairy cow s rece iv ing forage a d  libitum, t he  in take of 

roughage is reduced when concentrates are fed ( Meij s ,  1 98 1 ) . The reduction in forage 

dry matter intake per unit of additional concen trates i s  called the substitution rate. 

Forage intakes of the supplemented cows i n  the presen t  s tudy were a l l  decreased by 

consumption of concentrates .  However, the ex tent  of reduction was variable .  The 

substi tution rates ranged from 0.26-0.73 kgDM reduction in forage intake per kgDM of 

additional concentrate eaten. Grazing trials with lactating cows in early lactation have 

shown that concentrate feeding reduced herbage consumption (Jennings and Holmes, 

1 9 84; M eij s and H oeks tra, 1 984; A rr i ga-Jordan and Holmes ,  1 986; Meij s , 1 986; 

S takelum, 1 986 a,b,c; Suksombat, 1 988 ) .  The subst i tu tion rate varied between 0.03 and 

0.79 kgDM/kg concentrate DM eaten .  In reviewing 1 1  i ndoor experiments covering 

the range 0 to 5 .2  kg concentrate D M  Meij s  ( 1 98 1 )  showed a mean substitution rate of 

0.45 , which is similar to the average subst i tu t ion rate of 0.49 recorded in the present 

study. These results confirmed the early work of Leaver et aL. ( 1 969) who reported a 

substitution rate of 0.55 kg of herbage OM/kg concentrate OM consumed. 
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Generally, increases in  substitution rates with increasi ng levels  of concentrate intake 

have been obtained i n  zero grazing experiments (Meijs,  1 98 1 ) , although some authors 

have not found this relationship i n  indoor trials (Taparia and Davey, 1 970; Tayler and 

Wilkinson, 1 972) or i n  grazing trials (Meij s  and Hoekstra, 1 984) . In the present study, 

an increase in substitution rate with i ncrea ing levels of concentrate intake was found 

only when the local ly used concen trates were fed but was not found when the high 

protein concentrates of low degradabi l i ty were fed.  In the latter case, the extra 2.7 

kgDM received by the 30PH cows d id  not cause a s ignificant decrease in  pasture 

intake, compared with the 30PL cows. 

Clements et al. ( 1 989), compared cows receiving tem perate grass s i lage and either 3 , 5 

or 8 kg/cow daily of concentrate conta in ing 1 8% CP; or cows received grass silage and 

e i ther 2 ,4 or 6 kg/cow dai l y  of concen t rate con ta i n i n g  30% CP.  I n  both cases, 

s ignificant response s  in  m i l k  y ield of re spect i vely 1 . 34 and 1 .07 kg/kg additional 

concen trate con s umed for the 1 8 % CP and  t he 30% CP diets were obtained by 

increasing the feeding level of the concentrates .  However, a much lower substitu tion 

rate, 0.075 kg s i lage DM/kg additional concen trate consumed, was obtained with the 

30% CP concentrates compared to t hat obtai ned when 1 8% CP concentrates were used 

(0.22 kg s ilage DM/kg additional consumed) . I n  the present s tudy, at the high level of 

concentrate feeding the substi tution rates we re s imi lar for the 1 7% CP and 30% CP 

concentrate groups. 

In surveying  the l i terature, Oldham ( 1 984)  conc I  uded that changes in protein input 

result  in a change of digestibil i ty of the rat ion .  I ncreases in dry matter digestibil i ty in 

l ac tatin g  cows offered rations of differi ng  prote in concentration (%CP/DM) were 

g enera l l y  ac h i e v e d  w h e n  c r u de p ro te i n  c o n c e n t ra t i o n  was  i ncreased u p  to 

approximate ly  1 5 %  CP i n  the ration .  Furt her i nc reases i n  CP concentratio in the 

ration usually had no additional effect on DM digest i b il ity, although a few experiments 

showed i ncreases i n  digest ib i l i ty when CP concentrat ion was i ncreased up to 20% 

(Oldham, 1984). Tyrrel l  et aL. ( 1 98 1 )  offered the same feeds, which differed i crude 

protein concentration, to dry cows at main tenance feeding and to lactating cow at 3.5 

t imes maintenance. Increas ing the crude prote in  content of the ration from 1 0.8 to 

around 1 5% i n  dry matter had no effect  on digest ibi l ity with dry cows but had a large 

effect with lactating cows (digestibil ity increased by 0.04 to 0.08 digestibi l i ty u i ts) .  
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There have been a few recent reports showing i ncreased forage intake and digestib i lity 

by  s teers given a grain-based supplement with a high concentration (27%) of 

crude protein compared to those receiving a supplement with 1 3% CP, or even those 

receiving no supplement (DelCurto et  aI. , 1 990; Hannah et  al. ,  1 99 1 ). Hannah et al. 

( 1 99 1 ) , for example, supplemented 1 . 8 kgOM concentrates (containing either 1 2.8% 

CP or 27 . 1  % CP) to steers fed dormant b l uestem-range hay and reported that steers 

receiving 27. 1  % CP concentrate consumed 5 . 1 7  kgDM hay compared to 3 . 1 3  kgD M  in  

those receiving 1 2. 8% CP concen trate. An increased dry matter digestibil ity of the 

total ration in those tria l s  reflected the i nc l u sion of concentrate and probably the 

extremely low qual i ty forage (2 .3% CP, 79. 1 % OF) eaten as a basal diet. In  addition, 

i ncreases in the concentration of prote in in the concen trates in  those trials wou ld have 

i ncreased the supp ly  of RDP in t he  rat i on and hence i nc reased fibre diges tion 

particularly in the very low RDP supply from basal diet . 

In the present  study, at the low level of concen trate feeding,  an i ncrease in crude 

protein concentration in the concentrate did not result  i n  an increase in forage intake 

( 1 2 .7 and 1 1 .5  kgDM/cow dai l y  for 1 7 1'0  and 30% CP respectively, compared with 

1 3 .4 kgDM/cow dai l y  no supplemen t ) .  I n  contrast , at the h igh level of concentrate 

feed i ng  forage i n ta ke was  i n c rea sed s l i g h t l y  w i t h  i ncreas i n g  c ru de prote i n  

concentration in  the concen trate ( 1 0 . S  and 1 1 . 1  for 1 7% and 30% CP respectively). 

The differences in forage in take response to crude protein  concentration was probably 

due to the fact that at the low level of feedi ng,  both groups of cows ( 1 7PL and 30PL) 

received s imi lar amounts of RDP supply desp ite the h igh concentration of crude 

protein in the 30PL group, due to low degradabi l ity of protein in the 30PL treatment 

( 1 054 and 1079 glcow dai ly  respect ive ly)  while at the high level of feeding cows with 

30% CP had a higher supply of RDP than cows with 1 7% CP ( 1 464 and 1 2 1 9  glcow 

daily; See Table 4 .2 .7) .  

I n  the present study, at  the low level of concentrate supplementation ( 1 7PL and 30PL), 

the high protein ( low degradable) supplement resulted in a lower intake of pasture. I n  

contrast, at a high level of  concentrate suppleme ntation ( 1 7PH and 30PH),  t e high 

protein ( low degradable)  tended to i ncrease the i n take of pasture (due to a smaller 

decrease, relative to the unsupplemented group) .  Th is could have been due to effects of 

an improved am ino acid supp ly,  or am i no acid balance in the animal , on th intake 

control mechanisms as found for sheep ( Egan and Moil', 1 965) .  The intake of UDP at 
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the low level of concen trate feeding ( l 7PL and 30PL) was sim ilar for the 1 7% and 

30% CP groups, while at the high level of concentrate feeding, the in take of UDP by 

the 30% CP cows (30PH )  was h igher than the ] 7 % CP cows ( ]  7PH) .  

An  insufficiency or imbalance of absorbed amino acids can l imit  metabolic pathways 

within the animal, reducing the rates of ut i l i sation of substrates and thus imposing a 

l imit to voluntary intake (Forbes ,  1 986). Egan and Moir ( 1 965) found that infusion of 

casein in to the duodenum of sheep offered a low-protein straw caused a rapid increase 

i n  i n take whi le rate of digestion i n  the rumen was reduced. This was in contrast to 

s imilar i nfusion in to the rumen which resu lted in a slower increase in intake with a 

significant increase in ruminal digest ion. I t  seems l i kely that deficiencies of essential 

amino acids result in reduced activ i ties of key enzymes in metabol ic pathways which 

are responsible for the removal of nutrient s from circu lation. These accum ulate and 

may cause prolonged st imulation of chemorecep tors which form part of the negative 

feedback pathway to the centres of the bra in conrrol l i  ng i n take (Forbes, 1 986). 

4.2.6.2 Effect of Concentrate Supplementation on Animal Performance 

The objective of the present study was to determ ine the effect of supplement fed at two 

levels, and containing protein of h igh or low degradabil ity on animal performance. 

In the present  study, it was c lear that dairy cows fed solely  on low quality tropical 

pasture produced lower yields of m i l k  and m i lk fat, and also lost weight ,  compared 

with those given supplements .  This  suggests that ,  de spi te cons iderable supp ly of 

nutrients (e.g. 1 1 8 MJME/cow dai ly ) ,  the unsupplemented cows may have received an 

imbalance of nutrients which restric ted the i r  abi l i ty to produce high m ilk yield and 

gain in l iveweight. The low supply of RDP relative to metabi l i sable energy intake (6.8 

g RDP/MJME; Table 4.2 .7) would probably have led to a reduced microbial protein 

yield from the rumen (ARC, 1 980). Conseq uently, the m i lk yield of unsupplemented 

cows was m uch lower than would have been predicted from ME intake because of 

l imitations imposed by RDP supply. The i n take of 1 1 8 MJME dai ly  by the PF cows, in  

theory, should have been able to  produce approx imately 0 .5  kg  mi lk fat, or 1 2  kg mi lk  

( 1 1 8 M JME intake - 50 MJ ME mai ntenance req u i rement = 68 MJME). 
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Al ternatively,  the low supply of RDP in the unsupplemented cows may have led to 

reduced fermentation of organic mat ter in the rumen .  This may have caused an 

overestimate of ME intake in the unsupplemented cows. The extremely low calculated 

'apparent efficiency of ME uti l i sation above maintenance' of 0. 1 4  probably reflected 

the overestimate of ME intake by the unsupplemented cows.  It should be reaHsed that 

an error in est imated ME intake would resu l t  in a difference in calculated apparent 

efficiency of ME uti l isation. For example, if the digestible organic matter decreased by 

3% units, the ME available above maintenance would have been reduced by 4 MJ. 

From Tab le 4 . 2 . 8 ,  o n l y  the ' ap p are n t '  e ffi c i e n c y  of u t i l i s at ion of ME above 

maintenance for cows on the 30PL ration was close to 0.6 as suggested by ARC ( 1 980, 

1 984), whi le for other rations it was con iderably lower. The calculated partition of 

ME (Table 4 .2 .8 )  are approxim ations rather than exact measures of MID value of 

feeds, of maintenance requirements and are probably subject to errors arising from the 

d ifficu l ty  of weigh ing  an ima l s  prec i se ly  and poss ib l e  changes in the content of 

diges t ive tract .  One of these or the i r  com b i na t ion  probab ly  contr ibu ted to t he  

underestimated 'apparent '  efficiency of M E  ut i l i sat ion . 

Supplementation of roughages with feeds con ta in ing readily fermentable carbohydrate 

can result in a reduction in the digestib i li ty of the roughage (Mi l ne et al., 198 1 ) .  Mould 

et al. ( 1 983)  found that a major cause is rap id fermen tat ion of the s upplementary 
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cel lulolytic activity. They also found that when a hay was fed with rol led barl ey, the 

hay DM digestibil i ty could be reduced by a m uch as 0.2 un its (from 0.5 1 to 0.3 1 )  and 

the digestibi l i ty of the whole diet reduced by about 0.09. The prediction of MID value 

of feeds in the present study used the values from in vitro determ ination and did not 

take i n to accou n t  a pos s i b le reduc t ion  i n  the  d i e t  d ige s t i b i l i ty due to feedi n g  

concentrate. Consequent ly ,  the MID val ues of the feeds i n  the presen t study were 

possibly overestimated. 

There appears to be no broadly based equat ion for animals fed tropical feeds to predict 

maintenance requirement. The present study adopted the value of 0.60LWO.75 (ARC, 

1980) to estimate the maintenance requ irement of ME.  This value is based on research 

obta ined from an imal s  be i n g  fed w i th  a d ie t  MID h igher than  1 0 . AAC ( 1 990) 

suggested that with diet MID greater or less than 1 0, the M E  is used for maintenance 
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with respectively greater or lesser efficiency, and M Em (MJ/day) i s  correspondingly 

less or more. The estimated M/D value of pasture in the present study was less than 1 0  

and t hu s  the M Em may have been more t h an  0 . 60LWO.75 . The estimate of M E  

requirement for maintenance was possibly low i n  the presen t  study. For example, if a 

value of 0.70LWO.75 had been used, the calculated M E  requirement for mai tenance 

would have increased by 9 MJ and hence increased the calculated ' apparent'  efficiency 

of ME utilisation above maintenance by 0.05 to 0. 1 0  uni t. 

The low calculated ' apparent '  efficiency of ut i l isation of M E  above maintenance in  the 

PF and 1 7PL cows would have been due to the fact that these cows had previously 

been on a high plane of feeding (6 kg concen trate plus pasture) .  The un supplemented 

cows and the  1 7PL cows h ad been fed at a reduced level  of feeding during the 

experimental period (0 and 2.7 kgD M/cow daily respect ively) .  Changes in level of 

feeding are reflected in m i l k  output and in  c hanges in body weight (Broster, 1 97 1 ,  

1 972; Grainger et aL. , 1 982;  Broster and Broster, 1 984; Broster et aL. , 1 984; S tockdale 

et aL. , 1 987 ) .  Bryant and Trigg ( 1 98 2 )  summarised several tria l s  from Austral ia  and 

New Zealand and conc luded that an increase in DM intake of 1 .0 kg caused an increase 

of 39 g mi lk  fat. They found that the extent of th i s  i ncrease i s  proportional to the 

duration and severity of change in level of feeding (B ryant and Trigg, 1 979; Grainger 

and Wilhelms, 1 979). I n  addition, the response in m i lk  yield to change in the level of 

feeding i s  greater at a low leve l of feeding than at a h igh level, is greater i n  higher than 

i n  lower yielding cows, and i s  greater i n  early lac tation than i n  m id-late lactation 

(Broster et aL. , 1 98 1 ;  Broster and Broster, 1 984 ) .  

Concentrate supplementation i ncreased yields of mi lk  and mi lk  fat in t he  present study. 

The responses ranged from 1 .2 to 2 .0 kg mi l k/kgDM concentrate consumed (calculated 

from 0 to 2 .7 and to 5 .4 kgDM concen trate ) .  A l though the differences between the 

supplemen ted groups were not stat i s t ica l ly  s ign ificant ,  s upp lementation at the low 

level with low degradable protein  concen trate ( 30PL) gave a better response than the 

others (2.0 kg milk/kgD M  concentrate ) .  

The much higher responses i n  mi lk  production to concentrate supplementation in the 

present study than in other studies ( Leaver el aL . ,  1 968; Jennings and Holmes, 1 985)  

was probably due to the fact that  in th is  experiment the unsupplemented cows received 

low qua l i ty pa s tures  con tai n i n g  1 2 % C P ,  6 1  % D M D  and e s t im a ted M E  of 8 . 8  
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MJ/kgDM, and a very low total effective intake. A l so the unsupplemented cows had 

been p u t  onto a reduced l evel of feed i n g  dur i ng  the  experime n ta l  period . The 

unsupplemented cows,  therefore, dropped dramatically in m ilk yield (from 1 2  kg/cow 

daily to 5 kg/cow dai ly) while the supplemented cow maintained their milk yield. 

However, when comparison was made between the two leve ls  of concentrate feeding 

(2.7 and 5 .4 kg extra concentrate DM consumed) the response lay between 0.6 and 0.8 

kg mi lk/kg concentrate DM consumed. Another experiment conducted at the s ame site 

as the present study (Lekchom et aI. ,  1 989) also found that the response ranged from 

0.7 to 0 . 4  kg  m i l k/kg D M  concen trate consumed when grazing dairy cows were 

supplemented with a local concentrate at different levels  up to 1 5  kgDM/cow daily. 

Care must  be taken when expressing the re ponse of m i l k  yield to /kgD M  concen trate 

consumed. For exam ple, in the present  study i t  was found  that the average response 

was 1 . 8 kg m i l k/kg D M  c o n c e n tra te  e a ten  w h e n  ca lc u la ted from 0 to 2 .7  kgDM 

supplement, but the average response reduced to 0.7 kg m i l k/kgDM concentrate eaten 

w hen ca lcu lated from 2 . 7 to S . 4  kgDM s u p p l e m e n t . The resu l t s  publ ished often 

compare the response to extra concentrate DM eaten (Journet and Demarquil ly, 1 979; 

Jennings and Holmes, 1 985) ,  rather than the  re sponse to some supplement compared 

with no supplement. 

When the data for mi lk  yield were ana lysed as  a 2 x 2 factorial  design (2 level of 

concentrate feeding and 2 concentrations of prote i n  i n  the concentrates ; Low and High, 

1 7 %  and 30% CP), the effect of prote in ( 1 7% CP, high degradability or 30% CP, ; low 

degradability) was not sign ificant ,  bu t  the  effec t  of level of concentrate feeding (2.6 

and 5 .4 kgDM/cow dai l y )  was s i g n i fic a n t ( p<O .O l ) . No in terac tive relation ship  

between the two factors was found. 

Supporting evidence to this can be seen from the ME and crude protein consumption 

data. The 1 7PH and 30PL cows had s i m i la r  crude protei n  in takes (2 1 65 and 2 1 1 4  

g/cow daily respective ly)  but different M E  intakes ( 1 56 and 1 32 MJ/cow daily). This 

tended to result in s lightly h igher m i l k  yield in the 1 7PH cows than the 30PL cows. In 

contrast ,  the 1 7 PH and 30PH cows had s i m i l a r  ME i n takes ( 1 56  and 1 6 1  MJ/cow 

daily) but different crude protein intakes ( 2 1 65 and 2838  g/cow daily). Despite h igher 

crude protein intake of the 30PH cows, they produced s im i la r  mi lk  yield to the 1 7PH 
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cows. Thus i t  could be concluded that the level of M E  intake played the major role in 

production response rather than the crude protein in the ration. The multiple regression 

s howed  t ha t  the  a n i m a l  performance ( m i l k  y i e ld  and  energy rete n tion ) was  

significantly (p<O.OO 1 )  related to MEL 

Additional protein  suppl ied to  the intestines of cows, ei ther as  abomasal infu ions or 

given as dietary supplements of re lative ly undegradab le protein has been shown to 

increase milk yield (Orskov et at. , ] 977;  1 98 1 ;  S tobbs et at. ,  1 977; MacRae, 1 983) .  

The effect has general ly  been attributed to the provi:ion of extra essential amino acids 

for mi lk protein synthesis (Clark, 1 975 ;  Orskov et at. , 1 977) .  In the present study, at a 

comparable level of concentrate feeding, increased UDP supply by the ,X 
supplementation of low degradable protei n  tended to resu l t  in a slightly higher milk 

yield (average 0.6 kg m i l k/cow dai l y )  and li veweight  gain than the locally high 

degradable protein concentrates. 

To explain increases in milk yield with increas ing amino acid supply (by increases in 

UDP),  i t  could  be postulated e i ther t hat increased amino acid input has made more 

nutrients available to increase milk production, or that amino acids may have a direct 

effect on milk synthesis (Oldham , 1 984). 

4.2.6.3 Overa l l  relationships between nutrit ion and performance 

In Table 4.2 .7 ,  it was assumed that 0 .50 of the crude protein intake from the pasture 

was degraded and this is probably a more accurate value than the 0.80, often found in 

temperate pastures (Corbett et al. , ] 987 ) .  In 17 stu dies with sheep grazing temperate 

grasses and legumes with OM diges t ib i l i ty of 0.65 or higher, Corbett and Pickering 

( 1 983) found that on average 0.86 of crude prote in intake was degraded. These results 

have been confirmed by Beever and Siddons  ( 1 986 ) .  For three pastures with OM 

diges t ib i l i t y  of  0 .62 ,  t he  mean  protein de gradat ion was  0 .74 b u t  there i s  l i t t le 

information for more fibrous forage of low digest ib i l ity and CP content such as in the 

pre sen t  s t ud y .  M c M e n im a n e t  a t .  ( 1 9 8 6 ) ,  for examp le ,  ob se rved the protein 

degradability of tropical pastures (9 . 5% CP and 0.50 OMD) of 0.37-0.58 (mean 0.48). 

Tropical grass species have a C4 photosynthetic pathway which resul ts  in higher fibre 
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contents than in temperate grass species at comparable stage of growth (Norton, 1 982). 

A feature of the C4 grasses i s  a th ick-wal led bundle sheath which i s  slow to degrade 

(Akin et al., 1 974), which i s  probably true for the as ociated crude protein. M uch of 

the crude protein in these forages may be associated with the cell wall ,  and as l ittle as 

0.50 of the total protein may be degraded (Corbett et al. ,  1 987) .  

Considering the supply of protein i n  the form of rumen degradable protein (RDP) per 

unit  of metabolisable energy (ME)  i n take (Table 4 .2 .7) ,  the PF cows probably had a 

lower ratio of RDP/ME than that suggested by ARC (1 984) i .e .  6. 7 compared to 8 . 1 

gRDP/MJME.  Conseque nt ly ,  t here was i n suffic ie n t  RDP to prov ide the ammonia 

concentration to the level a t  which im proved efficiency of m icrobial protein synthesis 

( B i ne s ,  1 97 1 ) , i ncreased DM dige s t i b i l i ty ( Forbes ,  1 970) ,  i ncreased food i ntake 

(Roffler et a/. , 1 983), and finally, increased energy in take (Van Horn et al. , 1 985) can 

be obtained. This  resu l ted in a very low m i l k  yield produced by the PF cows. 

In the present study, the 30PH cows received higher supplies of RDP and UDP than 

the others and tended to produce more m i l k  and greater l iveweight gain .  The RDP/total 

M E  intake ratio increased progress ively from Treatment I (PF) through to 5 (30PH) 

with individual values lower and h igher than the value needed to maximise microbial 

N yield in the rumen (ARC, 1 984; i .e .  8 . 1 gRDP/MJ ME) .  

When us ing calculated net  energy i n  m i l k ,  i n  l iveweigh t  and total energy retention 

(milk plus l iveweight) plotted against  the rat io of R DP(ME (g/MJ,  Figure 4.6), there 

was a quadratic function with the h ighest net energy retent ion, net energy in  milk: and 

in l iveweight gain at a value of about 8 . 5  gR DP/MJ ME. This ratio of RDP/ME i s  in  

agreement with the value of 8 . 1 quoted by  ARC ( 1 984). I n  the present  study, the 30PL 

cows had a ratio of RDP/ME of 8 . 2  g/MJ and showed h ighest net energy retention. 
the 

Thus the results in the presen t  s tudy general ly support the estimates given by the ARC 

( 1 984). 

A l so,  w hen re l at ion sh ip s  between m i l k  y i e ld ,  ca lcu l ated net e nergy in m ilk ,  i n  

l iveweight and total energy retent ion ( m i l k  p lus  l i veweight )  were plotted against the 

individual intakes of ME, RDP and U DP, there were curvi l i near relationships between 

production parameters and intakes of individual com ponents (Figure 4 .5 , 4.7 and 4.8) .  



80 

1 6  

1 4  

.......... >.., 1 2 
0 1 7PH 

""0 
"-

O"l 1 0 .:::t: 30PL Q 
............ 
""0 
Q) 8 >-

.:::t: 
0 - 6 
::2: 

4 
. .  

2 +-----+-----�----�--��--_4----_4----_4----� 
1 00 1 1 0 1 20 1 30 1 40 1 50 1 60 1 70 1 80 

Metabo l i sab l e  Energy I ntake (MJ/day) 

Figure 4.4 Relationship between milk yield and metabolisable energy intake. 
Data for individual cows shown ( .) .  
Mean values for each treatment shown (0). 

Milk yield = -48 . 1  + 0.69x - 0.OO2x2 ? r = 0.60 

• 



....-... 
>
o 

70 

"0 60 "-
J � 50 

>. 
0"1 40 
� 
<!) 
C 

W 30 

+-' � 20 

"'0 
<!) 1 0  +-' 
o 

* 

* 
* 

* 
* 

* * JOPH 
* * * 0 *  * 

* --- . (0) 
* 

* 

* 

8 1  

O +-----����----�----�----�----_+-----�----� 
o 

o - 1 0 
1 00 

....-... 
>. 
o 

60 

"0 50 

1 1 0 

* 

1 20 1 30 1 40 1 50 1 60 1 70 

"-
J 

++ +I+ 1 7PH O + + -+ + ---- -::;:-0-� 40 

>. 
0"1 30 � 
<!) 
C W 20 

+� + +++ JOPLj;+ + +±-- + JOPH (b ) 
* 1 7PL + + + 

+ � 

/

+e;.

++ +-' Pf ++ '. 
. . �H 

Z<!) 1 0  ' 0  JOPLG . 

1 80 

"0 � -.,:-��.Ol·;;.t-- (C) 2 O t-----�--���--�----�--�����----��--� 
o /. 
B - 1 0  /0 . 

• / Pf 
o 

o - 20 
1 00 1 1 0 1 20 1 30 1 40 1 50 1 60 1 70 1 80 

M etabo l i sab l e Energy I ntake (MJ/ day) 
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energy intake. 

Data for individual cows shown (. , *, +). 
Mean values for each treatment shown (0). 
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Using the measured values for animal perfonnance, for rumen degradabi lity of protein 

concentrates (Table 4.2.3) ,  and the assumed value of 0.50 for degradability of protein 

from tropical pastures (Corbett et al . ,  1 987 ;  AAC, 1 990), the intake of both rumen 

degradab l e  prote in  ( R DP) and u ndegrada b le  prote i n  ( U D P) ,  as  given by the 

Agricu ltural Research Council ( 1 980) , have been calculated (Table 4.2. 1 1 ) .  The UDP 

supplies were adequate to sustain the recorded milk yields in all treatments. However, 

the supplies of RDP were sufficient only in the 1 7PH, 30PL and 30PH cows whereas 

the PF and 1 7 PL cows received insufficient RDP. The deficit in RDP in the PF cows 

probably caused the dramatic decrease in  m i l k  and fat y ie ld, and this is reflected in a 

lower apparent  effic iency of M E  u t i l i sa t i o n ,  desp i t e  cons iderable M E  apparently 

available for milk production. 

The deficit in RDP supply relative to demand would have reduced microbial protein 

synthesis and thu s  a low quan t i ty of m icrob ia l  p rote i n  would have reached the small 

i ntestine.  M icrobial prote ins  are r i ch  in  e s se n t i a l  am i no ac ids (Oldham , 1 984) , if 

absorbed amino acids are in short supply, the excess of energy-yielding nutrients will 

then be either stored as fat or oxidi ed.  [f excess n u tr ients  were to be stored as fat, then 

milk production might be less than opt ima l ,  but the e ffic iency of use of ME for milk 

p lus  tissue deposition would be li tt le affected ( A RC, 1 980) .  If  excess nu trie nts were to 

be oxidised, then it might be expected that  the effic iency of utilisation of M E  for milk 

plus t issue deposition would fal l  (Oldham 1 984) .  [n the present study, the extremely 

low calcu lated 'apparent'  e ffic iency of M E  u t i l i sat ion above maintenance in the PF 

cows (0. 1 4) was probably due to a defic iency of RDP and of amino acids reaching the 

intestine relative to energy supply wh ich may b oxidised rather than deposited in the 

tissue, and to reduced digestibility of the energy. 
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Table 4.2. 1 1  The estimated supply of rumen degradable protein (g/day, R DP) 
and u n degradable protei n ( g/day,  U D P) to the t issues of the  
indoor-fed dairy cows (Calculation based on  ARC, 1 980 and  1984). 

Detai l s :  T l  T2 T3 T4 T5 
PF 1 7PL 1 7PH 30PL 30PH 

( 1 )  RDP requirement 11 922 1 1 1 7 1 2 1 9  1 03 1  1 258  
(2 )  RDP supply 796 1 054 1 2 1 9  1079 1 464 
(3)  RDP Deficit/ - 1 26 -63 0 48 206 

Surplus 
(4) Tissue protein2/ 389 472 5 1 5  436 5 3 1  

supplied by 
microbial protein 

(5) Total tissue 1 62 362 433 429 497 
protein  requirement 

(6) Equivalent UDP 23 1 5 1 7 6 1 9  6 1 3  7 1 0  
requirement [ (5 )/0.7 ] 

(7) UDP supply 796 9 1 8  946 1 035 1 374 

II = 7 .8ME (ARC, 1 980 and 1 984) 
2/ = 3 . 3ME (ARC, 1 980 and 1984) 

4.2.6.4 An economic assessment of marginal fi n a ncial returns 

An economic assessment was m ade of the m argina l  ret urns from the m i lk produced per 

treatment less the cost of the concentra te (Table 4 . 2 . 1 2 ) .  I t  showed that the m arginal 

return was highest when feeding pastu re p l u s  a h igh  level  of low protein concentrate 

( 1 7 %  CP) .  The m argina l  re turn from 1 7 PL ,  30PL and 30PH were s imi lar. Even 

though the mi lk  response from 30PH cow · wa l ig h t l y  larger than from the 1 7PH 

cows, the higher cost of 30%CP concentrate caused a lower margin. However, there i s  

an optim um level of feedi ng above wh ich  l i t t le or no  response wi l l  be achieved. 

Obviously with the present price of m i l k  and cost of concentrate, and the response to 

concentrate supplementation of more than 1 kg m i l k/kgDM concentrate found in  the 

present study, Thai farmers wi l l  ach ieve greater profi t by rely ing on improved pasture 

as their main source of feed for dairy cows and lI s i ng  moderate leve l i .e. 6 kgDM of 

concentrate supplementation . 
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Table 4.2. 12 Marginal returns from di fferent levels and types of concentrate 

supplementation. 

Detail s :  T l  T2 T3 T4 T5 

PF l 7PL 1 7PH 30PL 30PH 

Milk yield (kg/cow 4.8 9 . 2  1 1 . 3  1 0. 1  1 1 .7  

daily) 

Milk return (NZ$) I I 2 .64 +2.42 +3 .5 8  +2.9 1 +3.80 

Cost of concentrate21 0.00 +0.59 + 1 . 1 9 +0.94 + 1 .9 1  

(NZ$) 

Marginal surplus (NZ$) un 2 . 39 1 .97 1 .89 

I I  NZ$ 0.55 Ikg mi lk. 
21 NZ$ 0.22 ( 1 7%CP); 0.36 (30%CP) . 

Calcu lation based on compari son between T2-T5 and T l .  
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4.2.7 CONCLUSIONS 

1 .  The substi tution rate of pasture for the two concentrates differed with feeding level. 

At the high level of concentrate feedi ng, the h igh  prote in  concentrate caused a 

smal ler substitut ion rate than the low C P  diet (0 .43  vs  0 . 5 4 ) ,  but  the reverse 

occurred at the low level of feeding (0.7 3 vs 0.26). 

2. I t  i s  clear from t h e  pre s e n t  s t u dy t h a t  the m ajor e ffec t  which contributed to 

differences in animal performance was the ME i nr ake  which was influenced by the 

level of concentrate feeding. However, prote i n  was a lso i m portan t . 

3. Amongst the supplemented groups ,  and w i t h i n  each of t h e  concentrate feeding 

level s ,  the 30% protein rat ion res u l ted i n  a h igher  (although not s ignificantly 

different) level of milk product ion ( m i l k  y ield, fat yield and net energy in milk) and 

an increased level of l ivewe ight gai n  ( p<O.05 ) re l at ive to the 1 7% protein ration. 

The im portance of  crude prote i n  i n t a ke ( R D P+ U D P) was also confirmed in 

m ult ip le regression a na lyses  ( s i g n i fi can t  part i a l  regre ss ion  coeffi c ient) which 

related ME l  and c rude pro te i n  i n ta ke to net  energy re ten t i o n .  The mechanism 

whereby protein  had i ts effect was not c lear. D iges t ib i l i ty may have been increased 

and/or M E  may have been used more e ffi c i e n t l y  (poss ib ly  because more amino 

acids from the 30% prote in  rat ion should have been avai lab le  at the tissue level). 

U nfortunate ly, the interpretation of t h i s  experi m e n t  was made difficult because 

differences in degradab i l i ty a nd pro te i n  concen t ra t ions  of s upplements were 

confounded. The explanat ion of th i .  has been  prev iou ly g iven  in Section 4. 1 .  

4.  From a practical point of v iew the concen trate supp lementa tion was economic in 

al l treatments . However, feeding the 1 7 % C P  a t  t he  h igh level (5 .4 kgDM/cow 

daily) gave the highest margi nal re turn . 

5 .  Further investigations should study the i m portance o f  R D P  supply i n  the ration (eg. 

by inclusion of urea at differen t  leve l s ) .  
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4.3 GRAZING EXPER IMENT 

The previous indoor experiment was carried out so that the pasture intake could be 

meas ured accurate l y  from i ndiv idual cows. The present grazing experiment was 

conducted to verify that the treatment effect observed on cut pasture were l ikely to 

occur on grazed pasture. 

4.3. 1 PRE-EX PER IMENT A L  CONDITIONS 

Following the indoor experiment, a further investigation was conducted for 3 weeks 

(24 Nov.- 1 6  Dec. 1 990), u ing some of the cows used in the previous trial, but grazing 

on pasture similar to that u sed in the preceding indoor experiment. Climatological data 

and background for the experime ntal i te are the same a in the indoor experiment 

given in Appendices 1 . 1  and 2. 1 .  

4.3.2 MATERIALS AND METHODS 

4.3.2. 1 Animals and Treatments 

Three treatment groups from the indoor experiment were selected, viz. the pasture only 

(PF) ,  the 1 7 PH and the 30PL treatm en t. The reason for choosing the lat ter two 

treatments was to further exam ine the response when the cow consumed the same 

amount of crude protein but of different protein degradability. Unfortunately, there was 

not enough grazing area to compare all the previous 5 treatments therefore only three 

treatments were selected. The detai l of treatments are a fol lows: 

Treatment 1 .  
Treatment 2 .  
Treatment 3 .  

PF - Pasture only. 
1 7PH - Pasture plu 6 kg of 1 7%CP ( locally used concentrate). 
30PL - Pasture plu.  3 kg of 30%CP concentrate ( low-degradable 

protei n ) .  

Description of the investigation ha s  been summarised previously i n  Section 4.2 .2 .2 .  
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4.3.2.2 Pastures and Supplements 

The pastures and concentrates were the same as in the indoor experiment (See Section 

4.2.2.2). 

4.3.3 MEASUREMENTS 

4.3.3. 1 Feed Measurement s  

Before and after grazing,  herbage mass was measu red dai ly for 1 4  days .  Herbage 

enclosed within three 1 m2 (50cm x 200cm ) quadrats were cut with a hand sickle at 1 5  

cm above ground level for each treatment. They were then bulked and fresh weights 

were recorded. A subsample was taken for D M  determination .  

For the pregrazing herbage, a subsam ple of dried herbage (above 1 5  cm cutting height) 

bu lked from each treatment w i th i n  eac h paddoc k, was ground and analysed for N 

concentration (%) and in vitro digestibil i ty ( % ) .  

Concentrates were individual ly  fed to the supp leme nted cows in two equal meals 

dur ing the m orn i ng and eve n i n g  m i l k i n g .  The cows were a l lowed access to the 

concentrates for approximately an hour a t each m i lk ing before they were turned out to 

the pastures .  A l l  cows ate a l l  the conce n trate g iven .  Chem ical composition of the 

concentrates, which are the same lots as used in  the i ndoor experiment, was determined 

as in the indoor experiment (Section 4 .2 . 3 . 1 ) .  

4.3.3.2 Animal Measurements 

Over the period of 2 weeks, the an imal measurements were the same as s tated in  the 

indoor experiment (Section 4 .2 .3 .2) .  
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All  data were analysed using the S tatistic Analysis  System (SAS) computing package 

(SAS Institute Inc. ,  Cary, NC 275 1 2-8000, USA.  1 985,86,87) and the same model as 

given in the previous section (See Section 4.2.4) .  

4.3.5 RESULTS 

4.3.5. 1 Chemical Analysis of t he Feeds 

The chemica l  com posi t ion of t h e  conce n t ra t e s  w as t h e  same as in t he  indoor 

experiment (Section 4.2 .5 . 1 ,  Table 4 .2 .3 )  

Chemical analyses of the pastures are g iven i n  Table 4 .3 . 1 )  

Table 4.3. 1 Chemical analyses of t he past u res. 

%DM %CP 

Grazed Qasture 

Pd. 1 24.5 1 3 .4 

Pd. 2 23.4 1 3 .9 

Pd. 3 2 l .2 1 3 .4 

Pd. 4 25.9 1 3 . 1  

Pd. 5 26.0 1 2 .0 

MEAN 24.2 1 3.2 

dIJ I I 
b 

0.45 

0.42 

0.45 

0.47 

0.47 

0.45 

%DMD 

60. 3  

6 1 .7 

63 .7  

62 .5  

63.6 

62.4 

ill vitro 

%OM D  

60. 8  

6 1 .4 

62 . 8  

6 1 .9 

64.2 

62.2 

% DOMD 

53 .3  

54.5 

56.3 

55 .3  

56.2 

55.2 

1/ = Protein degradability after 1 2  h i ncubat ion (See Chapter 6). 
2/ = ME = 0. 1 6DOMD (MAFF, 1 97 5 ) .  

ME2/ 

%ASH (M]/ 

kgDM) 

1 2 .3  8 .5 

1 1 .2 8 .7 

1 0.4 9.0 

1 0.7 8 .8 

1 2.4 9.0 

1 1 .4 8.8 
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4.3.5.2 Feed Intake and Sward Characteristics 

4.3.5.2. 1 Feed Intake 

The daily pasture DM intake was calculated as the difference between the pre-grazing 

herbage m ass  and the res idual herbage mas with i n  a 24 hour break, divided by the 

number of animals grazing that break .  

Mean values for al lowance and apparent i nt ake of pasture and concentrate D M ,  ME 

and CP in The Experimental Period I I  are presented in  Table 4 .3 .2. These showed that 

there were no sign ificant differences in al lowances of O M ,  ME and CP between 

groups. However, total DM, ME and CP allowances of both the supplemented groups 

were significantly higher than the unsupplemented cows . 

The cows eating the low protein concentrate (at 5 .4 kgOM/cow dai ly, 1 7PH) ate less 

pasture DM (p<O.05) but ate more total OM (p<O.OO l )  than the PF and 30PL (2.4 kg 

level) cows. The calculated subst i tut ion rate.  were 0.30 and 0. 1 5  for the 1 7PH and 

30PL cows respectively and this showed that the substitution rate i ncreased with level 

of concentrate supplementation . Both the supplemented cows ( l 7PH and 30PL) had 

higher values of total ME (p<O.OO l )  and CP (p<O.OO l )  i ntakes than the X 
unsupplemented cows. However, the 1 7PH cows had a lower ME and CP intake from 

pasture than the PF and 30PL cows (p<O.05 ) .  
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Table 4.3.2 Mean values for DM and ME al lowance, and DM and ME intake 

of feeds in The Grazing Experimental Period. 

T 1  T2 T3 

PF 1 7Phl 30P!,. SEM Sig. 

D M  allowance (kgDM/cow dai ly) 

As pasture 23 .4  23 .3  23 .4  1 . 8 NS 
As concentrate 5 .4  2 .6  
Total 23 .4b 28 .7a 26.0ab 1 . 8 * 

D M  intake (kgDM/cow daily) 
As pasture 1 2 . 2a I O.6b I 1 . 8a 0.6 * 

As concentrate 5 .4 2 .6 

Total 1 2 .2c 1 6.0a 1 4 .4b 0.6 *** 

Substitution rate 0. 30 0. 1 5  

M E  al lowance (MJ/cow dai ly) 
As pasture 206 205 206 1 5 . 7  NS 
As concentrate 63 3 1  
Total 206b 268a 237ab 1 5 .7  * *  

ME intake (MJ/cow daily) 

As pasture 107a 93b 1 04a 5.0 * 

As concentrate 63 3 1  

Total 107c I S6a 1 35 b 5 .0 * * *  

Crude protein allowance (g/cow da i ly )  

As pasture 3094 3079 3088 235 NS 

As concentrate 9 1 3  744 
Total 3094b 3992a 3832a 235 * *  

Crude protein intake 

As pasture 1 605a 1 397b 1 563a 75 * 

As concentrate 9 1 3  744 

Total 1 60Sb 23 1 0a 2307a 75 * * *  
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4.3.5.2.2 Sward Characterist ics 

The mean values of pregrazing herbage mass (HM) and residual herbage mass (RHM) 

are shown in Table 4 .3 .3 .  There were no sign ificant differences in either pregrazing 

herbage mass  (HM) or residual herbage mass  (RHM) measured between treatments 

(p>0.05) .  However, there was a tendency towards h igher values of RHM in both 
group of 

supplemented cows (950 and 8 1 3  vs 764 kgDM/ha). 

Table 4.3.3 Mean va lues for preg."az ing herbage mass ( H M )  and residual 

herbage mass ( R H M ) of the PF, 1 7PH and 30PL groups in  The 

Experimental Period I I  (kgDM/ha, measured above 15 cm cutting 

height). 

T I  

PF 

T2 

1 7PH 

T3 

30PL SEM Sig. 

Pregrazing HM 

Residual H M  

2249 

764 

2240 

950 

2249 

8 1 3  

9 2  

1 1 1  

NS 

NS 

4.3.5.3 Animal Performance 

The treatment mean values for milk yie ld , fat yie ld, fat concentration and l iveweight 

change are presented in Table 4. 3 .4 .  These showed that the supplemented cows ( 1 7PH 

and 30PL) h ad h igher values of mi lk and fat y i e lds t h a n  the unsupplemented cows 

(p<O.OO l ) .  Fat concentrations were s im i l ar ( p>O .05 ) .  The unsupp lemented cows had 

lower values of final l iveweight and l ivewe igh t  change than t he  supplemented cows 

(p<O.O l and 0.00 1 respectively). 
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Table 4.3.4 Mean values for yields of mi lk,  mi lk fat, fat concentration, final 

l iveweight and l iveweight change in the G razing Experiment. 

Tl  T2 T3 

PF 1 7PH 30PL SEM Sig. 

Milk yield (kg/day) 5 . 8b l 2 . 2a 1 1 . 1  a 0 .7 * * *  

Fat yield (kg/day) 0 .26b 0.50a 0.47a 0.03 * * *  

Fat concentration (%) 4 . 1 9  4 .09 4 . 38 0. 1 8  NS 

SNF yield (kg/day) 0 .52 1 . 1 0 1 .0 1  

SNF concentration (%) 8 .94 9 .00 9 .09 

Final liveweight (kg) 366b 387a 387a 4 .2 * *  

LW change (g/day) -2 1 7b 87<1 86a 78  * * *  

The results shown are covariance adjusted means us ing the initial values before the 

start of the indoor experiment as covariates .  

4.3.5.4 Overall relationshi ps between n u t ri t ion a n d  performance. 

Assuming  that the prote i n  degradab i l i t i e s  of pasture  and concentrate s were as 

mentioned in Section 4.2 .5 .4, the estimated supply of RDP and UDP to the cows was 

calculated (Table 4.3 .5) .  The result ing RDP/M E rat ios in the rations consumed are also 

presented in Table 4 . 3 . 5 .  The rat ios R D P/ME and the in takes of U DP increased 

progress ive ly  from treatmen t  1 ( PF )  t h rough  to 3 ( 30PL)  and the h igh  level of 

concentrate feeding also increased the R DP i n take. 



Table 4.3.5 

Details :  

RDP supply l / 

As pasture 
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T h e  s u p p l y  o f  r u m e n  d e g r a d a b l e  p r ot e i n ( g/ d a y ,  R D P) ,  

undegradable  protein ( g/day, U D P) a n d  t h e  ratio o f  R D P/MJ 

metabolisable energy intake (g/MJ), (Grazing Experiment). 

PF 1 7PH 30PL 

803 699 782 

As concentrates 593 394 

Total 803 1 292 1 1 76  

UDP supply 1 /  

As pasture 802 698 78 1 

As concentrates 320 350 

Total 802 1 0 1 8  1 1 3 1  

Total ME intake 1 07 1 56 1 35 

RDP/ME intake 7 . S  8 . 3  8 . 7  

1 / Assuming protein degradability of pasture is 0.50 (Corbett et at . ,  1 987) 

Protein degradability of concentrates were e st im ated from those values reported in 

Chapter 6. 

By combining the data for m i lk  y ield and l iveweight change (as MJ net energy), i t  was 

possib le to examine the i n fl uence of supplementation on the apparent utilisation of 

metabol isable energy in take (Tab le 4 . .  6 ) .  M E  i n takes were c learly increased by 

concentrate supplementation . The extent of the effect depended largely on level of 

feeding (See also Table 4. 3 .4). A lthough the l 7PH cows consumed more ME than the 

30PL cows (p<O.OO l ) ,  both groups of cows had s imi l ar values for net energy in m ilk, 

in l iveweight gain and energy reten tion . 
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Table 4.3.6 T h e  es t i m a t i o n  o f  m e t a bo l i s a b l e  en ergy req u i reme n t  a n d  

util isation (Grazing Experiment) .  

Detai ls :  T l  T2 T3 SEM Sig. 

PF 1 7PH 30PL 

( 1 )  Total M E  intake 1 07c 1 56a 1 35b 5 .0 * * *  

(2) ME requirement 

for maintenance I I 49 54 5 3  2 .6 NS 

(3) Net energy in milk21 24b 46<1 42a 2.6 * * *  

(4) Net energy in LW31 -S b 2a 2a 2.6 * *  

(5) Energy retention41 1 9b 4R(\ 44a 2 .6 * * *  

(6) MEl - MEm 
51 58c 102a 82b 5 .0 * * *  

(7) Efficiency61 0 .33c 0.47b 0.54a 0.03 * * *  

I I  MEm = 0.60LWO.75 41 (3) + (4). 
21 From Equation 4 of Tyrrell and Reid ( 1 965) .  51 ( 1 )  - (2). 
31 2 1 .5 MJ/kg gain (A RC, 1 980). 61 (5) I (6). 

4.3.5.5 Summary of the Result 

1 .  As with the indoor experiment, herbage O M  in take was decrea ed by concentrate 

supplementation (0. 1 5  and 0.30 kglkg concentrate OM consumed by the 30PL and 

1 7PH cows respectively). 

2. Yields of milk and milk fat were increased by concentrate supplementation. 

3 .  Liveweight was also increased b y  concent rate supplementation. 

4.  Of importance, the results in this grazing experiment were largely  dependent on the 

previous indoor experiment. 
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4.3.6 DISCUSSION 

4.3.6.1 Effect of Concentrate Supplementat ion on Herbage Intake 

In  the present experiment, herbage i ntake was estimated by a sward cutting technique 

which also provides i nformation on the herbage mass and al lowance. The sward 

cutting technique had another advantage which was that the measurement technique 

was unaffected by concen trate s upp lem en tat ion , in con trast to methods based on 

indi gestible markers ( Mi lne et al. , 1 98 1 ) . The major disadvantages of the technique 

were that it est imated only mean i n takes for groups of cows ( in the case of group 

grazing as in the present s tudy) and the labour input was h igh. In the present study, 

cutt ing height was 1 5  cm above ground leve l .  The selec tion of th is  relatively high 

cutting  height was necessary to avoid damagi ng  the elevated growing  points of the 

grass species when cutting or grazing. Such a req uirement  is particularly important for 

many erect tropical grasses , especial ly Guinea grass ,  a defoliation below 1 2  to 1 5  cm 

can  l ead to s i g n i fican t  t i l ler  deat h ( B . R .  Wat k i n ,  Persona l  Com m u n ic at ion , 

unpublished data) . 

However, the accuracy of herbage i ntake measurements of grazing animals, using this 

technique, can be seriously affected by cows grazi ng wel l below this cutting level, if 

not carefully attended and controlled. Furthermore, there can be considerable error in 

the pasture sampl ing  method and in  the variabi l ity between samples ( Le Du and 

Penning, 1 982).  

The crude protein concen tration of grazed pasture was s l ightly h igher than the cut 

pasture used in the previous indoor experiment. Th is possibly reflected the difference 

i n  sampling methods, as the cut pasture was sampled from pasture cut with a double

chopped harvester while the grazed pasture was cut with a hand s ickle. The pasture cut 

by harves ter was possibly contam inated by dead material picked up by the machine. 

However, the two pastures were sim ilar in  in vitro dry matter digestibil ity. 
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Pregrazing herbage mass, herbage al lowance and herbage digestibility can affect intake 

of herbage by grazing dairy cows. With animals grazing temperate pasture, increases 

i n  herbage i n take were observed wi th  i ncreas i n g  herbage mass (Hodgson, 1 975 ;  

Com bel las and Hodgson, 1 979; Jamieson and Hodgson, 1 979; S tockdale and King, 

1 983; Zoby and Holmes, 1 983; Forbes and Hodgson, 1 985;  Stockdale, 1 985), herbage 

allowance (Le Du et ai. , 1 979; Bryant,  1 980; Glassey et al. ,  1 980; King and Stockdale, 

1 984; S tockdale, 1 985) ,  and herbage digesti b i l i ty (Hodgson, 1 977).  An increase in 

herbage intake with increasing herbage mass has been also reported when cows grazed 

on tropical pasture (Combel las et al. , 1 979). However, many examples have shown the 

relationship between herbage intake and herbage mass (Hodgson , 1 977; Combellas and 

Hodgson, 1 979; Hodgson and Jam ieson , 1 98 1 ;  Meij s ,  1 982) ,  or herbage allowance 

(Combellas and Hodgson, 1 979; Bryant, 1 980) to be asym ptotic. 

The unsupplemented cows in the present study consumed a relatively high pasture 

intake ( 1 2.2  kgDM/cow dai ly) for tropical pastures of 6 1  % DMD compared with cows 

grazing  on temperate pastures (Hodgson , 1 977 ) .  As previously been discussed (See 

Section 4.2.6. 1 ) , at this DMD (60%) ,  the vol untary intake of tropical pastures has been 

shown to be 20% greater than of temperate pasture ( M inson, 1 980). 

Grazin g  tria ls  with lactat ing cows in  early lactat ion have shown that concentrate 

feeding reduced herbage consumption in tem perate pasture (Jennings and Holmes, 

1 984; Meij s  and Hoekstra, 1 984; Meij s ,  1 986) ,  with substitution rates between 0.03 

and 0.79 kgDM/ kg concentrate DM eaten .  The variation in ub titution rates could be 

explained by differences in herbage digest ib i l i ty ,  levels of concentrate feeding and 

restricted access to herbage causing low herbage intake . Leaver et al. ( 1 969) reported a 

substitution rate of 0.55 kg of herbage OM/kg concentrate OM consumed at restricted 

grazin g  with  dairy cows.  Me ij s  and Hoeks tra ( 1 984)  suggested that the effect of 

concentrate feeding on herbage intake of grazing cows depends on the level of herbage 

allowance. The s ubs t i tu tion rates found i n  the presen t  s tudy were 0. 1 5  and 0.30 

kgDM/kgDM concentrate for the 30PL and 1 7PH cows respectively. These are in the 

range reported in the l iterature reviewed. 
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The present experiment showed an increased substitution rate with the increased level 

of concentrate feedi ng .  I ncrease s i n  s u b s t i t u t i on ra tes wi th  increas ing levels of 

concentrate consumption have been reported in dry cows ( Sarker and Holmes, 1 974) 

and lactating  cows (Stockdale and Trigg , 1 985) ,  a l though Meijs and Hoekstra ( 1 984) 

did not found this relationship. 

In the present  study, residual h erbage mass  was increased by concentrate feeding 

although the increases (49 and 1 86 kgDM/ha for the low and high level of concentrate 

intake) were not statistical ly sign i ficant. The lack of a s ign i ficant  effect of concentrate 

feeding  on residual herbage m ass was pres u mably because of the large variation of 

residual herbage mas s  e s t ima ted  between paddoc k s  ( i .e . large standard error of the 

mean) .  

S ince residual herbage mass i the consequence of the difference between pregrazing 

herbage mass and herbage i n take, i ncreases in res idual herbage mass were presumably 

caused by reductions in herbage i nt ake due to concentrate supp lementation. This effect 

of supplementation on residual h erbage mass had been observed by several workers 

(S tockdale and Trigg, 1 985 ;  Stake l um ,  1 986<1 :  Gra inger, 1 987) .  

4.3.6.2 Effect of Concentrate  Supplementat ion on Animal Performance 

Yields of milk and milk fat in a l l  t reatments  were i mproved compared to the indoor 

experiment but seemed to show the same trend between the treatments. The improved 

yields were probably due to the select i ve grazing of the a n i m al consuming the more 

nutritious parts of the pasture on offer com pared to the lack of selection possible on the 

'cut-and-carry ' pasture used i ndoors. 

Concentrate supplementation i ncreased y ie lds of m i l k  and milk fat in the present study. 

The mean responses to 1 kgDM concentrate consum ption were 1 . 1  and 2.0 kg milk in 

the 1 7PH and 30PL groups  respect i v e l y ,  w h i c h  were higher than those reported by 

Leaver et al. ( 1 968) and Journet and Demarq u i l l y  ( 1 979) i n the temperate zones, and 

by Jennings and Holmes ( 1 985)  in the tropics .  The re lat ive ly h igh responses in yields 

in the present study were pro bab ly  due to t he  fac t  t h at the PF cows received low 
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quality pastures and low supply of RDP re lative to metabol isable energy intake (7.5 

gRDP/MJME; Table 4 .3 .5 )  leading to a reduced m icrobial protein synthesis  (ARC, 

1 9 84) .  Consequently, the mi lk  yield of unsupplemented cows was suppressed and 

m uch lower than would have been expected from the apparent ME intake probably due 

to l imitations imposed by RDP supply and lower than that reported by Lekchom et al 

( 1 989) from cows fed pasture only at the Dairy Farming Promotion Organisation of 

Thailand (DPO). 

A l tern at ive ly  a nd as I n  the i n door experi m e n t , the  low s u pp ly  of RDP in the 

unsupplemented cows may have led to reduced feIl11entation of organic matter in the 

rumen. Th is may have caused an overestim ate of ME intake in the unsupp lemented 

cow s .  The u n l i ke ly  low ca lc u l ated "a pparent efficiency of ME ut i l isation above 

m ain tenance " of 0 . 3 3  probably reflected the overes t im ate of ME i n take by the 

unsupplemented cows.  It should be realised that an error in  estimated ME intake would 

result in a difference in calculated apparent efficiency of ME ut i l i sation. The simple 

calculation has been shown previously in Section 4.2 .6.2 .  

I n  addition, the results of the grazing experiment may have been influenced b y  carry

over effects from the indoor experi m e n r  - as r he pre-expe rimental period of 1 week 

only may have been inadequate. However, when the response was calculated between 

the supplemented cows ( 1 7PH and 30PL) the response was 0.39 kg mi lk  per kg of 

extra concentrate D M  eaten,  which was s im i l ar to the indoor experiment and other 

pub l i shed works (Leaver et al . , 1 968 ;  Journet  Demarqu i l ly ,  1 979;  Jennings and 

Holmes,  1 985)  and s imi lar to another experiment carried out at the same site as the 

present study (Lekchom et al. , 1 989) .  

Care m ust be taken when expre sing the re 'ponses of milk yield to kgDM concentrate 

consumed. As has previously been discussed in Section 4 .2 .6 .2 ( indoor experiment), 

the responses calcu lated from 0 to some kgDM concentrate eaten often resulted in 

higher values than when calculated from extra concentrate DM eaten (some to more 

DM concentrate eaten) .  
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Considering the supply of nutrients in  telms of ei ther energy or protein ,  the 1 7PH and 

30PL cows had higher energy ( 1 56  and 1 35 MJ/cow daily respectively; p<O.OOI )  and 

crude protein (23 1 0  and 2307 g/cow dai ly respectively; p<O.OO I )  intakes than the PF 

cows ( 1 07 MJ and 1 605 g/cow daily). This resulted in m uch higher m ilk yield in the 

1 7PH and 30PL cows than the PF cow . When com pari ons were made between the 

supplemented cows, the 1 7PH and 30PL cows had s imilar crude protein intakes (23 1 0  

and 2307 g/cow daily respectively) but different M E  intakes ( 1 56 and 1 35 MJME/cow 

daily respectively). Despite a higher ME in take , the 1 7PH cows produced only  slightly 

more mi lk than the 30PL cows ( 1 2 . 2  and 1 1 . 1  kg/cow daily respectively). This was 

probably due to the higher supply of UDP in the 30PL group and thus higher amino 

acids reaching the in testine, enhanc ing the apparent effic iency of ME utilisation for 

mi lk production, in  the 30PL cows compared to the l 7PH cows ( 1 1 3 1  and 1 0 1 8  g/cow 

dai ly  respectively) .  I ncreases in m i l k  yield have been observed in  association with 

increases in supply of UDP (Orskov el al. , 1 977;  1 98 1 ;  S tobbs et al., 1 977; MacRae, 

1 983) .  

4.3.6.3 Overal l  relationships bet ween nut rit ion and performance 

The PF cows had a lower rat io of RDP/ME than the 1 7 PH and 30PL cows (Table 

4.3 .5) ,  and lower than that suggested by ARC ( 1 984) i .e .  7 .5  compared to 8 .3 ,  8 .7 and 

8 . 1 g/MJ for the 1 7PH, 30PL and ARC ( 1 984) respective ly. A lthough the 1 7PH and 

30PL cows had sl ightly h igher values for RDP/ME than ARC ( 1 984), this could not 

explain the s l ightly higher m ilk  yield in the 1 7 PH cows than the 30PL cows. 

I n  the present study, the 30PL cows consumed les. ME and RDP but more UDP while 

the 1 7PH cows received more M E  and RDP but Ie s UDP (both groups had similar CP 

i n take) .  The extra 20 M J M E  ava i l able for m i l k  production (after account ing for 

liveweight gain) of the 1 7PH cows over the 30PL cows should have been resulted in 

approximately extra 4 kg of m i lk produced. I n  fact, only a smal l  increase of 1 kg extra 

milk was observed in  favour of the 1 7PH cows . Th i s  is  possibly due to higher amino 

acids supply to the 30PL cows than the 1 7 PH cows as seen by higher intake of UDP. 

I ncreases in postruminal  am ino acid absorption by i ncreased UDP supplementation 

have been fou nd to i ncrease m i lk  y ield through the more effic ient use of absorbed 

energy (Mil ler, 1 982) .  
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The improved efficiency of energy ut i l i sation in  the 30PL group was shown by the 

h igher 'apparent efficiency of energy ut i l i sation ' above maintenance compared to the 

1 7PH group (0.54 and 0 .47 respect ively;  Table 4 . 3 .6) .  The results also showed the 

same trend as in the indoor experiment. The ' apparent efficiency of energy utilisation ' 

above maintenance by the PF cows was higher than in the indoor experiment but sti l l  

very low; as possible reasons were discussed previously in the indoor experiment 

(Sections 4.2 .6 .3 and 4. 3.6.2). 

4.3.6.4 An economic assessment of ma rginal financial returns 

An economic assessment of the marginal returns from the mi lk produced per treatment 

les s  the cost of the concentrate was made (Table 4 .3 .7 ) .  It showed that the marginal 

return to concentrate was higher in  the l 7 PH group than in  the 30PL group, confirmi ng 

the results obtained in the previous indoor experiment. However, there i s  an optimum 

level of feeding above which li ttle or no response wi l l  be obtained. At the same site as 

the present study, where grazing dairy cows were upplemented with varying amounts 

of concentrates (0, 3, 6, 8, 1 3  and ad Libitum kgDM/cow dai ly) ,  Lekchom et al. ( 1 989) 

reported a l i near response up to a max imum of 1 3  kgOM/cow daily (asymptote) of 

concentrate, but in term s of fin ancial  return the feedi ng of 6 kgD M/cow daily of 

concentrate gave the highest fi nancial return .  H igh concen trate feeding levels wil l  

reduce herbage intake , whereas feeding low levels of h igh protein concentrate can 

result in s imi lar m il k  yield to feeding tw ice the q uantity of low protein concentrate. 

Clearly, with the present price of mi lk and cost of concentrates, there is no justification 

for Thai farmers to feed an expens ive high protein  concen trate (e .g .  30% CP) to their 

m ilking cows as the lower, commonly u ed qual ity of concentrate ( 1 7% CP) when fed 

at adequate levels (e.g. 6 kg/cow dai ly )  can achieve greater profi t. 



Table 4.3.7 Marginal return from concentrate supplementation. 

Detai l s :  

Mi lk yield (kg/cow daily) 

Mi lk return (NZ$) 1 /  

Cost of concentrate (NZ$)21 

Marginal return (NZ$) 

II NZ$ 0.55 /kg milk .  
21 NZ$ 0.22 ( l 7%CP); 0.36 (30%CP) . 

4.3.7 CONCLUSION 

T l  T2 
PF 1 7PH 

5 .8  1 2 .2 

3. 1 9  +3 .52 

0.00 + 1 .23 

2 .29 
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T3 
30PL 

1 1 . 1  

+2.9 1 

+0.94 

1 .97 

1 .  The grazing experiment show the same resu l t s  as the i ndoor experiment i .e. 

concentrate supplementation increased milk yield due to increased total ME intake. 

2. I t  is clear from the present study that the main effect contri buting to differences i n  

animal performance was the increa ed ME in take which was caused by the feeding 

of concentrates. There is  also a suggestion that the mi lk  yield of cows receiving the 

30% CP concentrate at low level was relatively high compared with the ME intake 

due possibly to the increased supply of postrum inal  absorption of amino acids 

compared to cows receiving the l 7% CP concentrate at high leve l .  However, the 

high protein concentrate was more expens ive than the low protein  concentrate. 

Greater profits can be achieved by feeding a moderate level (e.g. 6 kgDM/cow 

daily) of the low protein ( 1 7% CP) concentrate. 

3 .  Between the supplemented groups, the high protei n concen trate ration resul ted in  

s imi lar net  energy in  m i lk ,  ne t  energy in  l iveweight and ne t  energy retention 

despite a lower ME avai lab le above ma in tenance and perhaps because a higher 

efficiency of use of energy. 

4. From a practical point of view, al though the low level of high protei n  concentrate 

resulted in  s l ightly lower mi lk  yield than the high level of low protein concentrate, 

the marginal response was sti l l  profi table . 
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5.1  INTRODUCTION AND OBJ ECTIVES 

The experiment was original ly in tended to confirm and extend the results from the 

previous study undertaken in Thailand (Chapter 4), on fresh pasture .  I n  the original 

study and in the sheep study (Chapter 7) the amount of rumen degradable protein 

(RDP) and undegradable protein  CUDP) available in the diet appeared to be important 

in determining performance. Thus the first objec tive was to study the effect of RDP 

concentration in concentrates for lactating cows by varying the amount of urea in the 

concentrates .  Also it was thought to be important to compare RDP from plant protein 

(which provides amino acids in  rumen fl u id) w i th RDP from urea (which provides 

ammonia) . Unfortunately ,  due to an unusual dry period in Ju ly/August, fresh forage 

was not available so that s ilage had to be used as the roughage part of the ration. 

However, the objectives of the experiment remained as planned. 

The grazing season i n  Thai land occurs between May and October of each year. During 

the remainder of the year forage growth is  severely restricted by lack of rainfall ,  unless 

i rrigation is feasible. Therefore surplus pasture during the rainy season is conserved as 

si lage or hay and used during the dry sea on . 

I t  i s  well established that the intake of silage i general ly  lower than that of the original 

fresh pasture or as hay (Moore et al. , 1 960; Harris and Raymond, 1 963). However, the 

extent of this depression varies greatly and general ly reflects the degree of chemical 

change that occurs during ens i l ing .  Several of the end products of fermentation, for 

example acids or n itrogenous com pounds, have been suggested to be responsible for 

th is  reduction i n  s i l age qual i ty ( W i lk ins  et al . , 1 97 8 ; G i l l  et  al . ,  1 988 ) ,  although 

attempts  to relate i n take to the conce ntration of these material s have produced 

variable results .  

To overcome the deficiencies of si lage i t  i s  necessary to supplement the diet with 

concentrate and m uch research effort ha been expended on studies of the composition 

of supplements. Results often show h igh rates of substi tution between concentrate and 

si lage, and attempts to reduce substitution by the inclus ion of fibre based supplements 

have not produced consistent results (Thomas et al. , 1 986). 
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There has been con s iderable research effort to measure the re spon ses i n  m il k  

production to concentrate feeding of cows given si lage. I n  a review of published data, 

Thomas ( 1980) reported a value of 0.79 kg (solids corrected) mi lk per kg additional 

concentrate (DM) but noted a wide variation i n  response. Much larger responses were 

observed recently by Rae et al. ( 1 986) who noted values of 1 .3 and 3 .5  kg milk per kg 

additional cereal concentrate D M  and per kgDM fish meal/soyabean mixture (low 

protei n  degradabi l i ty )  respect i ve ly .  The h i gher  res ponse  to these protei n-rich  

concentrates reflected the increase in  si lage DM i n take compared wi th  reduced DM 

intake when the cereal concentrate was fed. 

In many of the tria ls , i ncreas ing  the proportion of protein  in the concentrate has 

resulted in an increase in si lage digestibi l i ty and in s i lage intake (Oldham et ai. , 1 985; 

Thomas et al. , 1 985) .  Recently there has been m uch research interest in  the use of 

supplements containing proteins which are more resistant to degradation in the rumen 

(Mil ler et al. , 1 983 ;  Small  and Gordon, 1 98 5 ) .  Rae et al. ( 1986) used lactating cows 

supplemented with a mixture of fish meal and soyabean and found that cows consumed 

0.5 kgDM more s i lage per kgDM additional supplement than the unsupplemented 

con trol cow s .  I n  the  same experi m e n t ,  when  a cerea l  concen trate was  u sed  

supp lemen ted cows  cons umed 0 . 2 3  k g D M  l e s s  s i l age per kgDM of  addit ional 

supplement than the control cows. The in take of s i lage by the control cows was 1 1 .4 

kgDM.  This experiment confirmed the early work of Castle and Watson ( 1 976) who 

reported similar responses. 

The present s tudy aimed to invest igate the effect of concentrates containing crude 

protein of different degradabi l i ties (altered by inclusion of 0, 1 and 2% urea) on the 

intake of s i lage and on an imal perform ance. I n  addition ,  the fourth treatment was 

provided with extra RDP from plant protein rather than urea. 
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5.2 MATERIALS AND METHODS 

The experiment was conducted at Dairy Farming Promotion Organisation of Thailand 

(D.P.O.),  M uak Lek, Saraburi, Thai land, for 9 weeks during 19 January - 22 March 

1 992. Background detail s  of experimental si te was gi ven i n  Appendix 2 . 1 .  

5.2. 1 PRE-EXPERI M ENTAL CON DITIONS 

5.2. 1 . 1  Animals and Treatments 

36 crossbred dairy cows (62.5 - 75% Hoi · te in  Friesian or Red Danish crossed with 

local Bos indicus breed), in  their first 3 months of lactation) were randomly assigned 

into 4 treatment groups, each with a different  concentrate fed as supplement. 

Concentrate 1 .  

Concentrate 2 .  

Concentrate 3 .  

Concentrate 4. 

Con tai ned 1 9% prote i n  w i t h  a low (0. 5 5 )  degradabi l i ty (and no 

urea). 

Concentrate 1 ,  but with 1 % urea. 

Concentrate 1 ,  but with 2% urea. 

Contained 1 9% prote in  w i th  a h i gh (0 .65) degradabi l i ty (and no 

urea). 

All cows were given grass s ilage (detai ls  are given in  Section 5 . 2. 1 . 3) as a basal diet 

and were supplemented with 4.5 kgDM conce n trates per cow daily .  Details of the cows 

used in this experiment are given in Table 5 . 2 . 1 .  
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Table 5.2. 1 Data for cows immediately prior to the start of the experiment. 

Concentrates 

Mean values for 2 3 4 

No. of cows 9 9 9 9 

Days i n  lactation 72±5 75±6 74±4 76±6 

Milk yield (kg/d) 1 2 .2±0.9 1 2 . 1 ±0.8 1 2 .4±0.8 1 2.3±0.9 

Fat yield (g/d) 500±45 50 1 ±35 5 1 7±38 485±35 

Protein  yield (g/d) 347±26 326± 1 9  356±25 34 1±23 

Fat conc. (%) 4.07±0. 1 7  4. 1 5±0. 1 1 4. 1 4±0. 1 4  3 .93±0. 1 4  

Protein conc. (%) 2 . 84±0. 1O 2.72±0.06 2 .87±0. 1 3  2 .77±0.08 

Liveweight (kg) 3 89±25 38 1 ± 1O 372± 1 4  388± 1 1 

Data shown are means ± SE .  

5.2. 1 .2 Management and Feeding of t he Animals 

Before the s tart of the experiment  cows were housed in individual stal l s  and fed 

generous ly  on grass  s i l age as  a basal d iet and supp lemented wi th  loca l ly  used 

concentrates containing 1 7% crude prote in ,  including 2% urea at approximately 6 

kgDM/cow daily. During this 2 week period, data were recorded and were later used as 

covariates. The experimental concenU'ates were gradually introduced according to the 

treatment groups until the commonly used concentrates had been completely replaced 

by the experimental concentrates, at 4.5 kgDM concentrates per cow dai ly .  Al l  cows 

were allowed 20 days for adjustment to the new concentrates and data were collected 

over the next 5 weeks. 
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Concentrate supplements were indiv idual ly  offered twice dai ly  at 0500 and 1 500 h. 

Grass si lage was given ad libitum twice dai ly at 0600 and 1 600 h. 

5.2. 1 .3 Silages and Concentrates 

The s i l age,  w h ic h  w as from one s i lo, was m ade from Gu inea grass (Panicum 

maximum) and Ruzi grass (Bachiaria ruziziensis) pastures which had been closed for 

40-50 days prior to ensi l ing and hence was rather over mature at cutting. The pasture 

was cut by a Double-chop harvester and blown directly to the trailer without wi l ting. I t  

was then compacted in  a trench si lo with wal ls and floor of concrete . The compacted 

pasture in the silo was covered with polythene sheet  weighted down with a complete 

covering of soil .  

Concentrates used i n  the present study com pri sed main ly  local feedstuffs. Prior to 

these formulations, each ingredient was analysed for its concentration of D M ,  N and 

the degradab i l i ty of i t s  protein ( Resu l ts have bee n reported in Chapter 6). The 

concentrates also differed in their concentrations of urea, accordin g  to treatment, and 

consequently in the degradabil i ties of their prote in .  Detai ls of ingredients used in the 

concentrates are given in Table 5 . 2 . 2 .  

Table 5.2.2 The formulation of concent rates used ( per 1000 kgDM). 

Concentrates 

Composi tion 2 3 4 

Rice bran 340 380 430 550 
Cotton seed meal 270 1 90 100 20 
Palm meal 1 80 1 80 1 80 60 
Maize 80 1 1 0 1 40 40 
Groundnut meal 50 50 50 250 
Molasses 50 50 50 50 
Minerals 30 30 30 30 
Urea 1 0  20 
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5.3 MEASUREMENTS 

5.3.1 FEED MEASUREMENTS 

Both the quantities of silage and concentrates offered and left uneaten were weighed 

twice daily at feeding time for 4 days/week. The samples of si lage offered and refused 

were taken twice daily (morning  and even ing  feeding) and dlied at 70-80°C for 24 hrs 

for DM determination. A dried s u b  ample of s i l age offered (bulked from each week) 

was kept for chemical analyses. 

Each concentrate was sam pled on 2 occasion when i t  was mixed. The samples were 

dried at 70-80°C for 24 hrs and kept for chemical  analyses. 

5.3.2 ANIMAL MEASURE MENTS 

5.3.2. 1 Liveweight 

Cows were weighed on two consecu t ive days fol lowing morning  milking immediately 

prior to the start and at the end of the experiment .  The l i veweight change was defined 

as the difference in l iveweight between the start and the e nd of t he  experiment. 

5.3.2.2 Milk Production and Composit ion 

Throughout the experiment, i nd iv idual  morning and eveni n g  milk yields were recorded 

daily .  Milk samples were taken on two consecu t ive day each week for analysis of 

m il k  fat and  m i l k  prote in  u s i n g  a M i l ko s c a n  1 40 A/B ana lyser  (Foss e lectric , 

Denmark ) .  Unfortunate ly ,  t h i s  m a c h i n e  was  not  s t andard i se d  for lactose analysis 

therefore the lactose concentrat ion cou ld not be obtained. 
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5.4 STATISTICAL ANALYSIS 

All data were analysed using the S tatistical Analysis System (SAS) computing package 

(SAS insti tute I nc . ,  Cary, NC 275 1 2-8000, USA. ,  1 986,86,87) .  

Mi lk yield, fat yield, protein yield and thei r  concentration were analysed using the 

repeated measurement  of covariance (G i l l  and H afs, 1 97 1 ;  Finn ,  1 974; Morri son, 

1 976 ;  B ryant and Gi l l ings ,  1 985) .  See Appendix 4.3 .  The data recorded during the 

experimen tal  period were s u bjected to covariance analyses, u s ing the yields for 

i ndividual cows recorded before the start of the experiment as covariates. 

S ilage intake and liveweight change were analysed using analysis of variance (Steel 

and Torrie, 1 986). See Appendix 4. 1 .  

Final l iveweight was analysed using analY ' i  of covariance (S teel and Torrie, 1986) 

with preexperimental l iveweight as covariate. See Appendix 4 .2 .  

Relationships  between individual animal  performance and ration i ntake attributes 

(MEl, RDP and U DP) were exami ned L1 ing stepwise m ul tiple regression analyses 

after covariance adjustment. A variable was inc luded in a regression only if i t  added 

significantly (p<0.05) to the model .  
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The chemical compositions of the concentrates are shown in Table 5 .5 . 1 .  Chemical 

analysis of the concentrates actual ly used in the present study showed that the intended 

level of 19% crude protein in the Concentrates I and 4 was achieved. The variation in 

protein degradabil ity by inclusion of urea was also achieved. The Concentrates 2 and 3 

had higher crude protein concentration because of the inclusion of urea. 

Table 5.5. 1 The chemical composit ion of concentrates used. 

Concentrates 

Component 2 3 4 

Dry matter (%) 90.6 90.6  90.4 90.4 

Crude protein (%) 1 8 .9 22 .6 2 1 .5 1 9 .5  

Ash (%) 1 5 .6  1 4 .0 1 4 . 8  1 3 .7 

In vitro 

Dry matter digestibil ity (%) 62 .0 63 .6 63.5 66.8 

Organic matter digestibi l ity (%) 70.3 7 1 .6 7 1 .6 73 .8 

Digestible organic matter in 5 8 .3  60.5 60.2 63.2 

the dry matter (%) 

Neutral detergent fibre (%) 50. S 1 .0 49.7 5 1 . 5 

Acid detergent fibre (%) 3 2 .0 30.2 28 . 1 29. 3 

Hemicel lu lose (%) 1 8 . 8  20.9 2 1 .6 22. 1 

Cellulose (%) 23 . 1 2 1 . 3 20. 3 2 1 . 8 

Lignin (%) 8.9 8 .9  7 .8  7 .5  

Estimated metabolisable 9 .3  9 .7  9.6 10 . 1 

energy (MJ/kgDM) 1 /  

Estimated protein 0.57 0 .63 0.68 0.62 

degradability (%)2/ 

1/ M E  = 0. 1 6DOMD (MAFF, 1 975 ) .  
2/ Estimated from results obtained from Chapter 6 .  
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The chemical analyses of s ilage used in this experiment are shown in Table 5 .5 .2  with 

these values being toluene-corrected (Barber et al. , 1 984). This showed that the quality 

of the s ilage used was very low. The average crude protein concentration was only 

5 .2% and the mean in vitro dry matter digestibil ity was only 47.9%. Thi s  is probably 

typical  of m uch of the s i l age m ade in Thai land from over-mature pas ture .  The 

estimated metabol isable energy conce ntration was on average 8 . 2  M J/kgDM and 

protein degradabili ty 0.60. 

Table 5.5.2 The chemical composit ion of silage. 

Weeks 

Component 2 3 4 5 6 Mean 

Dry matter (%) 1/  

Crude protein (%)2/ 

Ash (%)2/ 

25.6 26.2 26.8 26.3 26.7 26.4 26.3 
5 .0 5 . 1 5 .4 5 .0 5 . 3  5 .2 5.2 

7 .6  8 . 8  1 0 .0 1 0.4  1 0. 1  1 1 .9 9.8 
In vitro 

Dry matter digestibi l i ty (%)3/ 47 .2  45 .4 48 .4 47 . 5  
Organic matter digestibility (%)3/ 52 .9 5 1 .4 5 2 . 9  5 2 . 7  
Digestible organic matter i n  5 1 .9 49. 8  5 1 . 3 50.9 
the dry matter (% )3/ 

Neutral detergent fibre (%)2/ 69.6 70.4 67 .8  68. 1 

Acid detergent fibre (%)2/ 38.4 43 . 1 42.3 40.6 
Hemicellulose (%)2/ 3 1 .2 27 .3  25 .5  27 .5  
Cellulose (%)2/ 32.9 36.5 36.9 35 .6  
Lignin (%)2/ 5 .5  6.6 5 .4 5 .0 
Estimated metabolisable4/ 8 . 3  8 .0  8 . 2  8 . 1 

energy (MJ/kgDM) 

Estimated protein degradabi lity5/ 0.59 0.60 0.62 0.59 

49.6 49.0  47.9 
53 .8  53 . 1 52.8 
52.2 5 1 .0 51 .2 

67 .3 70.3 68.9 
42.4 46.9 42.3 
24.9 23.4 26.6 
36.8 4 1 .2 36.7 

5 .6 5 .7 5.6 
8 . 3  8 .2  8.2 

0.6 1 0.60 0.60 

The values shown are adjusted for oven OM as follows :  (Barber et al. , 1 984). 
I /Corrected Toluene DM (%) = Oven OM (%) + 2.3% 

2/Corrected CP (%) = CP (%) x Oven OM (%) 
Con'ected D M  (%) 

3/Corrected OOMD (% ) = 1 00 - (100 - DOMD %) x Oven D M  
Corrected D M  (%) 

4/ = ME = 0. 1 6DOMD (MAFF, 1 97 5 )  
5/  = dg  = (CP - 22.5)/CP; where :  CP  = g crude protein/kgO M  (Webster 

et al. 1 982).  
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Table 5.5.3 Mean values for feed d ry matter offered and eaten (kgDM/cow 
dai ly) ,  feed meta bol isable energy offered a n d  eaten (MJ/cow 
daily), feed crude protein offered and eaten (g/cow daily). 

Concentrates 

Mean values for: 2 3 4 SEM S ig. 

Feed dry matter offered 
As si lage 1 7 . 5  1 7 . 5  1 7 .5  1 7 . 5  

As concentrates 4.5 4.5 4.5 4.5 
Total 22 .0 22 .0 22.0 22 .0 

Feed dry matter eaten 

As silage 8 . 8ab 9 . 1 a 8 .4b 8 .5b 0.2 * *  

As concentrate 4.5 4 .5 4 .5 4 .5 

Total 1 3 . 3ab 1 3 . 6a 1 2 .9b 1 3 .0b 0.2 ** 

Feed ME offered 

As si lage 1 43 1 43 1 43 1 43 

As concentrates 42 44 43 45 
Total 1 85 1 87 1 86 1 88 

Feed ME eaten 
As silage 72ab 75a 69b 69b 1 .7 * *  

As concentrate 42 44 43 45 
Total 1 1 4b 1 1 9a 1 1 2b 1 1 4b 1 .7 * *  

Feed CP offered 

As  si lage 9 1 0  9 1 0  9 1 0  9 tO 

As concentrates 85 1 1 0 1 7  968 878 

Total 1 76 1  1 927 1 878  1 788  

Feed CP eaten 
As si lage 460ab 474(\ 438b 44 1 b 1 0.9 * *  

As concentrate 85 1 1 0 1 7  968 878 
Total 1 3 1  I c 1 49 1 a 1 406b 1 3 1 8c 1 0.8  * * *  

Crude protein  9.9 1 1 .0 1 0 .9  t o. 1  

concentration in 
total ration (%) 

Metabolisable energy 8 .6  8 .8  8 .7 8 . 8  

concentration i n  
total ration (MJ/kgDM) 
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5.5.2 FEED INTAKE 

Feed dry matter (DM),  metabol isable energy (ME) and crude protein (CP) offered, 

both as  s i l age and concentrates ,  as well as total DM, ME and CP consumed are 

presented in  Table 5 .5 .3 .  

The cows on Concentrate 2 had higher (p<O.O I )  intakes of s i lage D M  , total DM, 

s i lage ME,  and si lage CP than the cows given Concen trates 3 and 4. The cows on 

Concentrates 1 ,  3 and 4 had lower values of total ME and CP intakes than the cows on 

Concentrate 2 (p<O.O l ) . 

The concentrations of crude protein in the total ration eaten by cows in each group are 

also given in Table 5 .5 .3  and all fell w ithin a fairly narrow range ( 1 0.4- 1 1 .6%). 

S tatistical analyses of values based on toluene-corrected and non-corrected oven dry 

matter data showed no difference in term s of treatment effects. 

5.5.3 ANIMAL PERFORMANCE 

Mean values for yields of  milk, fat and protein, and mi lk composition are presented in  

Table 5 . 5 .4. These showed that t he  cows  rece iv ing Concentrate 2 produced higher 

yields of m i l k  and protein than the other groups ( p<O.OO l and 0.00 1 respectively). 

However, no significant difference in fat yield between treatments was observed. The 

cows on Concentrate 2 had a lower (p<O.OS ) fat concentration in their mi lk compared 

with the other cows whereas the protein concentrations were s im ilar for al l  treatments. 

Figures 5 . 1 to 5.5 show the effect of different concentrate supplementation on yields of 

milk, mi lk fat and mi lk protein, and concen tration of m i lk fat and milk protein .  
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Figure 5 .1  The effect of  concentrates which differed in degradabiliries of  their 

proteins on milk yield over the experimental period. Vertical bars 

indicate standard error of least square means. 

C 1  = Concentrate contained 1 9% crude protein with a low (0.55) 

degradability (and no urea). 

C2 = As C 1 ,  but with 1 % urea. 

C3 = As C 1 ,  but with 2% urea. 

C4 = Concentrate contained 1 9 %  crude protein with a high (0.65)  

degradability (and no urea). 
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Figure 5.2 The effect of concentrates which differed in  degradabilities of their 

proteins on milk fat yield over the experimental period. Vertical bars 

indicate standard error of least square means .  Abbreviations as in 

Figure 5 . 1 .  
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Figure 5.3 The effect of concentrates which differed in degradabilities of their 

proteins on milk protein yield over the experimental period. Vertical 

bars indicate standard error of least square means. Abbreviations as in 

Figure 5 . 1 .  
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Figure 5.4 The effect of concentrates which differed in  degradabilities of their 

proteins on milk fat concentration over the experimental period. 

Vert ica l  bars i n dic ate s t a n dard error of l e ast  square means .  

Abbreviations as i n  Figure 5 . 1 .  
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Figure 5.5 The effect of concentrates which differed in  degradabilities of their 

proteins on milk protein concentration over the experimental period. 

Vert i c al bars i n d i cate  s tan dard error o f  l e a s t  square mean s .  

Abbreviations as  in Figure 5 . 1 .  
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The mean values of initial and final l iveweight, and liveweight change are also given 

i n  Table  5 .5 .4 .  The cows on Concent rate 2 gained weight  w h i le  the others lost 

liveweight by the end of the experiment (p<O.05 ) .  

The calculated net energy i n  milk plus l iveweight change was higher i n  the cows on 

Concentrate 2 than in the cows on Concentrates 3 and 4 (p<O.OO l ). 

5.5.4 O VE R A LL R E L AT I O NS H I PS B ETWE EN NUTRITION A N D  

PERFORMANCE 

The estimated intakes of RDP and UDP are provided in Table 5 .5 . 5  together with the 

RDPIME ratios. The inclusion of urea at 1 % (Concentrate 2) increased the RDP supply 

to the cows (from 7 6 1  to 925 g/cow dai ly)  but the 2% inclusion resulted in no further 

i ncrease  i n  R D P  i n take ( 9 2 1 and  925  g/c ow da i l y  for Concen trates 2 and 3 

respectively) mainly because the intake of si lage was reduced with Concentrate 3 .  The 

Concentrate 4 (no urea) resul ted in a m i nor i ncrease on ly  in RDP compared with 

Concentrate 1 .  On the other hand, UDP in takes in  decreasing order were Concentrates 

2, 1 , 4 and 3 .  

The estimated intake of M E, the requirement for maintenance, net energy in  mi lk  and 

in liveweight, and ratio of net energy in m i lk plus l iveweight and M E  intake minus M E  

for maintenance are given in  Table 5 .5 .6.  The Concentrate 2 supplement resulted i n  the 

highest M E  intake, ME available above ma int enance, net energy retention and the 

highest  ' apparent efficiency ' of reten tion of energy ( m i l k  p lu s  l iveweight gain ) ,  

re la t ive to  M E  avai l ab le  above m a in tenance .  A l l  trea tments  apparent ly  had a 

considerable amount of M E  avai l able above maintenance but the cows consuming 

Concentrate 4 had much lower values for calculated energy retention, than could have 

been predicted from conventional requirements. 
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Table 5.5.4 Mean values for mi lk production and composition, and I iveweight 

change (adjusted means).  

Concentrates 

Mean values for: 2 3 4 SEM S ig. 

Milk yield 8 .7b 1 0 . 311 8 . 6b 8 .0c 0.28 * *  

(kg/cow daily) 

Fat yield 3 1 0  333  3 1 3  290 45 NS 

(g/cow daily) 

Protein yield 242b 284<1 237b 22 1 b 28 * * *  

(g/cow daily) 

Fat conc. (%) 3 .59a 3 .26b 3 . 663 3.62a 0.29 * 

Protein conc. (%) 2.84 2 .77  2 .79 2.79 0. 1 6  NS 

Initial  wt. (kg) 389 38 1 372 388  NS 

Final wt .  (kg) 387 387 363 372 1 5  N S  

LWC (g/day) _44ab 1 29a - 1 89bc -336c 1 43 * 

Energy retention 29b 38a 26bc 2 l c 3.0 * * *  

(MJ, Milk plus l ive 

weight energy) 



Table 5.5.5 

Detail s  

RDP supply 1 /  

As  silage 
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The supp ly  of  rumen degra d a ble protein ( R DP,  g/cow dai ly), 

u n de gra d a bl e  prote in  ( U D P, g/cow/da i l y )  a n d  t he r a t i o  of 

RDP/total  metabol isable energy inta ke (g/MJ) i n  the total ration 

consumed. 

Concen trates 

2 3 4 SEM Sig. 

276ab 284(\ 263 b 264b 6.5 * *  
As concentrate 485 64 1 658 544 
Total 76 1 c 925a 92 1 a 809b 6.5 * * *  

UDP supply l /  

A s  silage 1 84ab 1 89a 1 75b 1 76b 4.3 ** 
As concentrate 366 376 3 1 0  334 
Total 550b 565a 48Sd S lOc 4.3 * * *  

Total ME intake 1 1 4b 1 1 9a 1 1 2b 1 1 4b 1 .7 * *  
(MJ/day) 

RDP/ME (g/MJ) 6.7d 7 . 8 b 8 .2a 7 . 1 c 0.05 *** 

1/ _ protein degradabil i ty of concentrate s from Table 5 . 5 . 1 and of silage from Table 
5 .5 .2  
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Table 5.5.6 Estimates of the part i t ioning of metabol isable energy intake and 

util isation ( MJ/cow daily) by t reatment groups. 

Concentrates 

Detail s  2 3 4 SEM Sig. 

( 1 )  Total M E  intake 1 1 4b ] 1 9a 1 1 2b 1 1 4b 1 .7 * *  

(MJ/day) 

(2)  M E  requirement 5 3  5 2  5 1  52  1 .4 NS 

for maintenance 1 /  

(3)  MEl - M Em 
2/ 6 1  67 6 1  62 3.0 NS 

(4) Net energy in mi lk3/ 30b 35(\ 30b 28c 0.9 *** 

(5)  Net energy in _ l ab 3a _4bc -7c 3.0 * 

l iveweight4/ 

(6) Net energy retention5/ 29b 3Sa 26bc 2 l c 3 .0 * * *  

(7) Efficiency6/ 0.48ab 0.57a 0.43bc 0.34c 0.05 * * *  

1/  M Em = 0.60LWO.75 

2/ ( 1 )  - (2). 
3/ From Equation 4 of Tyrrel l  and Reid ( 1 965 ) .  
4/ 2 1 .5 MJ/kg gain (ARC, 1 980) .  
5/ (4) + (5) .  
6/ (6) / (3) .  
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The calculated requirements for, and supply of, RDP and UDP are shown in  Table 

5 .5 .7 .  The cows on Concentrate I had a deficit in RDP supply while the others met or 

were in excess of the RDP requirements. The UDP supply in all treatment groups met 

the requirements. 

Table 5.5.7 The s u p ply  of rumen degra dable p rotein ( R D P, g/cow daily),  

un degradable protein (UDP, g/cow daily) to the tissues of the dairy 

cows (Calculat ion based on A RC, 1 980 a n d  1 984). 

Concen u'ates 

Detai l s  2 3 4 

RDP requirement l !  889 928 874 889 

RDP supply 76 1 925 92 1 809 

Deficit/Surplus - 1 28 - 3  +47 -80 

Tissue protein2/ 376 393 370 376 

supplied by 

microbial protein 

Total tissue protein 320 392 30 1 266 

requirement 

Equivalent to UDP required3/ 457 560 430 380 

UDP supply 550 566 485 5 1 0 

Deficit/Surplus +93 +6 +55 + 1 30 

1 /  = 7 .8MB (ARC, 1 980 and 1 984) . 
2/ = 3.3MB (ARC, 1 980 and 1 984). 
3/ = Total tissue protein  requirement / 0.70 (ARC, 1 980, 1 984). 
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The regress ion equations that best described the relationships between performance 

and the intakes of MEl ,  RDP and UDP are shown in Table 5 . 5 . 8 .  These equations 

suggested that the cows performance was affected by the intakes of MEl,  RDP and 

UDP. Thus  the high performance of the cows on Concentrate 2 was associated with 

high in takes of MEl ,  RDP and U DP. The cows on Concentrate 1 ate less RDP, the 

cows on Concentrate 3 ate less U DP and the cows on Concentrate 4 ate less RDP and 

UDP compared with the cows on Concentrate 2.  The cows on Concentrate 4 produced 

less  milk than the others because they consumed less RDP and U DP than the other 

groups despite the sim ilar intake of ME .  

The correlat ion ana lyses  were a l so exam in ed between the in takes  of n u trient  

components (ME, RDP, UDP and CPl ) and animal performance i nc luding energy 

terms. The results are shown in Table 5 .5 .9 .  

5.5.5 SUMMARY OF TH E RESULTS 

l .  S i lage D M  intake wa i ncreased by Concentrate 2 supplement ation compared to 

other concentrates .  This is  l ikely to be due to extra UDP from concentrate. 

2 .  Yields of  milk and m i l k  protein were increased by Concentrate 2 compared with 

other concentrates .  

3 .  Cows on Concentrate 2 gained more weight than cows on other concentrates. 

4. Increases in yields and liveweight were due mainly to increases in  intakes of ME 

and UDP by cows on Concentrate 2 .  
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Table 5.5.8 Significant  regression equations describing the influences of the 
i n takes of metabol isable energy ( M E l, MJ/cow daily),  rumen 
degradable protein (RDP, g/cow daily) and undegradable protein 
(UDP, g/cow daily) on milk yield (kg/cow daily), net energy in milk 
( MJ/cow da i ly)  a n d  net en ergy in  milk plus l iveweight ( MJ/cow 
daily). 

Regression equations 

Mi lk Yield = - 1 4. 6  + 0.06MET  + O.O I RD P  + 0.02UDP 
( l . 3 )  (0.02 ) (0.00 1 )  (0.002) 

** *** *** 
= - 1 5 . 7  + 0. 1 2M E I  + O.O l CPI  

( l . 8 )  (0.02) (0.00 1 )  
* * *  * * *  

= - 1 1 . 8 + 0.0 I RDP + 0.02UDP 
( 1 . 1 )  (0.00 1 )  (0.00 1 )  

* * *  * * *  
= - 1 4.0  + 0 .20ME I  

(2 .9 )  (0 .03 )  

0.93 

0.87 

0.9 1 

0.63 

Net Energy in Milk = -36.0 + 0. 1 8 M E I  + 0.02R D P  + O.OS U D P  0.82 

Net Energy Retention 

S ilage D M  Intake 

(6 .2 )  (0 .08 ) (0.003)  (0.0 1 )  
* * * *  * * *  

= -38 .S  + O. 3 2 M E I  + O.02CPl 
(6 .7 )  (0.07 )  (0.004) 

* * *  * * *  
= -27 . 3  + 0.03RDP + 0.07UDP 

(4.9) (0.003 ) (0.0 1 )  
* * *  * * *  

= -33 .3  + 0 .56MEI  
(9 .7 )  (0.08 ) 

* * :r. 

= -92 . 2  + O.OS RDP + 0. 1 6U D P  

= 

= 

( 2 1 .6 )  (0 .0 1 ) 
* *  

-89.4 + 1 .03 M E f  
( 33 .6)  (0 .29)  

* *  
2 .7  + 0 .0  I UDP 

(0 .9)  CO.D(2 ) 
* *  * * *  

= 5 .26  +0.0 I CUDP 
(0. 8 )  (0 .D02 ) 

* * 

(0.03)  
* * *  

MEl = Total Metabolisable energy i ntake(MJ/cow dai l y ) .  
RDP = Total Rumen degradable prote in i n take (g/cow dai ly ) .  
UDP = Total Undegradable protei n  i n take (glcow daily) .  
CUDP = Concentrate UDP i nt ake (g/cow dai ly )  

0.79 

0.80 

0.55 

0.46 

0.25 

0.54 

0.90 



* *  

Table 5.5.9 Correlation coefficients between perfonnance and nutri tion ( the lower figures are probabi l i ty > IRI under Ho: Rho=O / n=36) . 

M Y  ER M E  LWE M E l  RDP UDP CPI 
M Y  1 .000 

0.000 

E R  O ' ()()X I . OO( ) 

( ) .OOO I n. ooo 

M I �  ( ) .  t)(l.� ( l . (l l X I .OO() 

O. ( )( )O I ( ) . ( )( )O I O .O( )( ) 

L W I-:  O . XWI 1 .000 
( WOO l ( WOO 

M I � I  O. 7Sl0 0.504 O .73() O. 2 2( )  1 .000 
(WOO 1 0.002 0.000 1 O. I W) 0.000 

R D P 0.565 o . :nx 0.572  O .  I () I 0.27 1 1 .000 
0.0003 O. ( )5 I o.oom 0. 340 0. 1 1 0 0 .000 

U D P  0.70R O .57R 0.636 0.4 1 0  0.676 
* 

-0 . 1 06 1 .000 
0.000 1 0 .0002 0.000 1 0.0 1 3  0.000 1 0.540 0.000 

C P I  (U{43 ( ) . 562 O.R 1 7  o.:no 0 .Sl02
* 

0 . 334 0.973 I .OOD 
0. 000 1 0.0004 0.000 1 0.049 0.000 1 0 .046 0.000 1 0.000 

:I: 
These parameters arc not i nJcpenJcn t  to each othcr. 

.. * The probability that a R statistic would obtain a greater absolute value than that observed given that the true parameter is O. 
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D ISCUSSION 

E F F E C T  O F  C O N C E N T R A T E  S U PP L E M EN T A T I O N  O N  

FEED INTAKE 

One of the objectives of the present study was to investigate the effect of concentrates 

which differed in the degradabi lity of their prote in ,  on s i lage intake of dairy cows. The 

intakes of D M ,  ME and the produc tion of the cows i n  the  present study were lower 

than the previous experiment on fresh  forage (Chapter 4). Also, the present silage was 

lower i n  M E  concentration per kgDM t h a n  the  fres h  forage. The general ly  lower 

volu n tary i n take of DM from s i l age t h an from fre s h  forage has been reported 

previously (Moore et al. ,  1 960; Demarqu i l l y ,  1 973) .  

Intakes of silage D M  by cow fed on Concenrrates 1 ,  3 and 4 were similar whereas the 

cows on Concentrate 2 consumed more s i lage OM than the cows on Concentrates 3 

and 4. The results suggested that the upply of crude protein  and its components (RDP 

and U DP), or the concentrat ions of prote in in  the concen trates in  the rations may affect 

the silage D M  intake. 

W h e n  cons ideri n g  the s u p p l y  of c r ude  p ro t e i n ,  R D P  and  U D P ,  the cows on 

Concentrate 2 ate more s i lage DM than the cows on Concentrate 3 and 4. This was 

probably related to higher i n takes of UDP and CP by cows on Concentrate 2 and is in  

agreement with many research reports which have recorded improved intakes of si lage 

when it i s  supplemented with concen trate wi th i ncreased levels  of crude protein or with 

protein that is resistant to degradation in the rumen (Castle and Watson, 1 976; Gordon, 

1 979; Mo, 1 980; Rae et al. , 1 986).  The cows on Concentrate 2 and 3 had similar crude 

protein concentration i n  the total rat ion ( 1 1 .6 and 1 1 .5% respect ively)  and had similar 

RDP i ntakes (925 and 92 1 g/cow dai ly  res pec t ive ly )  but the cows on Concentrate 2 

consumed more si lage than the  cow on Concentra te 3 probably due to h igher UDP 

intakes (565 and 485 g/cow dai ly  respect ive l y ) .  
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To separate which protein components had contributed to the effect of increased silage 

D M  intake, the relationships between si lage D M  in take (kg/cow daily) and protein 

components (RDP and U DP) from concentrate or from total intake were determined 

(Figure 5 .6) .  A s ign ificant posi t ive re lat ion sh ip  be tween s i lage D M  in take and 

undegradable protein  (UDP) intake both from concentrate and from total in take was 

ev iden t  b u t  there was no close re lat ion  between s i lage D M  i n take and rumen 

degradable prote in (RDP) both from concen trate and from total intake. I t  can be 

concluded in the present study that int akes of UDP from concentrate had a major effect 

on increased si lage D M  intake and conseq uen t ly  i ncreased total UDP intake. 

Castle and Watson ( 1 976) supplemented s i l age w i t h  either barley, groundnut cake or 

mixture of barley and groundnut cake to lactat i n g  cows,  and reported increases in 

s i lage intake when groundnut cake was supp lemen ted but decreases in silage intake 

when barley or the mixture of groundnut  cake and barley were supplemented. Similar 

result was obtained by Rae et al. ( 1 986)  when lactat ing cows were supplemented with 

cereal concentrate or fishmeal and soyabean meal mixtures. 

The effect of the level of protein in the concentrate for cows given silage diets has 

been m uch discussed as a resul t  of the  pos s i b le l imi tations in the supply of protein  

from ensiled diets. I n  many of  the tria l s ,  increasing the proportion of  protein in the 

concentrate resulted in an i ncrease i n  digest i b i l i ty  and i n  si lage intake (Reeve et al. , 

1 989) . Reeve et al. ( 1 989),  for i n s tance , s upp l emen ted  l a te c ut s i lage (63.2-63.3% 

DOM D) with 6 kg/day of e i t her  36% or I g %  c rude prote in  compound feeds and 

reported that si lage intakes were i mproved by 0.09 kgDM/day by feeding the high CP 

compound. 

In  the present study, the silage DM intake by cows on Concentrate 2 was higher than 

cows on Concentrate 4. This  was probab ly  a sociated with the higher concentration of 

prote in  i n  the Concen trate 2 re l a t i ve to t he  Conce n t ra t e  4 (2 2 . 6 and 1 9. 5 %  CP 

respectively). 
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Figure 5.6 Relationships between silage DM intake and intakes of total UDP, 

total RDP, concentrate UDP and concentrate RDP. 

Data for individual cows shown ( . ) . 

Mean values for each treatment shown (0). 

(a) y = O.O l x  + 2.7 r2 = 0.54 

(0.002) (0.9) 
* * *  * *  

(b) y = O.OO l x  + 7.5 � = 0.04 

(0.00 1 )  ( 1 .02) 

NS * * *  

(c) y = O.O l x  + 5 .26 r2 = 0.90 

(0.002) (0. 8) 
* * 

(d) y =0.00006x - 8.7 � = 0.0003 

(0.003) ( 1 .6) 

NS * 
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E F F E C T  O F  C O N C E N T R A T E  S U P P L E M E N T A T I O N  O N  

ANIMAL PERFORMANCE 

Milk yield in  a l l  treatments decl ined from the in itial yield (from approximately 1 2.2 to 

8 .0- 1 0.3  kg/cow dai ly) before the start of the experiment and was sl ightly lower than in  

the previous experiment (ranged from 9 .2  to 1 1 . 7 , Chapter 4 )  when cows were fed on 

fresh forages. This can be attributed to the reduced level of concentrate feeding during 

the experimenta l  period (4 . 5 kgOM conce n t ra te/cow da i ly  com pared to 6 kgDM 

concentrate/cow dai ly i n  the pre-experimental period)  and to the much lower quality of 

the basal diet (si lage) in the present study com pared with that ( pasture) in the previous 

study (Chapter 4). 

In  the present study, the cows rece i v i ng  Concen t rate 2 produced higher yields of 

mi lk and mi lk  protein than the  other groups.  Th i s  was probably due to the fact that the 

cows on Concentrate 2 had h igher  values  of ME and CP intakes relative to other 

groups.  The h igher ME and CP i n takes part l y  reflected the hi gher s i lage DM intake 

compared to the other groups.  

Many research reports h ave shown increases in y ie ld  of mi lk  and mi lk  protein when 

the concentration of protein in the supplement  i ncreased (Gordon, 1 979; Gordon et  aI. , 

1 98 1 ;  Oldham et al. , 1 985 ;  Small  and Gordon,  1 985)  although others did not find this 

relationsh ip (Gordon ,  1 980; Gordon and U n s wort h ,  1 9 86) .  Experimental work by 

Reeve et  al. ( 1 989) showed an increase in  m i l k  prote i n  y ie ld when the concentration of 

protein in  the concentrate was i nc reased from 1 8  to 36% CPo Gordon and Peoples 

( 1 9 8 6) a l so re ported an i n crease i n  t h e y i e l d of m i l k  p ro t e i n  w he n  p rote i n  

concentration of the supplement  was increased from 1 6  to 2 1  % CPo More recently, 

Davies ( 1 992) reported improved yields of m i l k and milk  protein when concentration 

of prote in  i n  the supplement i ncreased from 2 1  to 3 5 %  CPo I n  a l l  of these trial s ,  

i ncreases in mi lk yield were assoc iated w i th  i ncreases in  si lage O M  intake. 

It appears that increasing the proport ion of protei n  i n  the concentrate i ncreases yields 

of m i l k  and m i l k  protei n  in t h e  m ajor i t y  of cases. The extent of the response i s  

dependent upon the degree of the associ ated effects on digestibi l i ty and intake of silage 

(Thomas and Thomas, 1 989) .  The marked respon ses in mi lk output were associated 
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with above average increases in si lage intake, and the additional ME supply from these 

i ncreases accounted for a major proport ion of the increase in mi lk yield. However, the 

differences in crude protein concentration in the concentrates in the present study were 

small. 

It is a l so i mportan t  to remem ber that the q u a l i ty of s i l age used in the present 

experiment was very low and in marked contrast to the normal high quality silage used 

in the reported European studies - and hence may wel l  have influenced response and 

reaction levels. 

In  the present study, improved yields of mi lk and m i lk protein were also probably due 

to i ncreases in am ino acid supply  to the sma l l  i n te s t i ne by u se of low protein 

degradability feedstuffs in the concentrate. 

Small and Gordon ( 1 985) supplemented si lage with 1 8% CP of either soyabean meal 

or fishmeal to dairy cows and found that animal production was unaffected by protein 

sources ( de gradab i l i ty of pro te i n ) .  However ,  fi s hm eal im proved m i lk prote in  

concentration . 

5.6.3 O VE R A L L  R E L ATIONS H I PS B ET W E EN NUTRITION A ND 

PERFORMANCE 

In  Table 5 .5 .5 ,  i t  was assumed that 0.60 of the crude protei n  intake from the silage was 

degraded. Webster et ai. ( 1 982) as umed that forages contain a certain amount of 

u ndegradabJe protein and that the rest is degradable . They used data presented by 

W i l son  and  S t rac h a n  ( 1 9 8 0 )  to descr i be a s i m p le  eq u a t ion re l a ti n g  prote i n  

degradability of si lage to concentration of crude protein (%CP) by  assuming a certain 

amount of undegradable protein (of 2 2 . 5  g/kgDM) and obtained: 

dg = 100(%CP - 22 .S )I%CP 

The present study adopted this equation to estimate protein degradabi lity of si lage and 

is shown in Table 5 .5 .5 .  



1 35 

The supply of RDP per unit of ME intake (Table 5 .5 .5) ,  in Concentrates 1 and 4 had 

lower ratios of RDP/ME (6.7 and 7 . 1 respectively) than the value suggested by ARC 

( 1 984; 8 . 1  gRDP/MJME). Low ratios would be expected to resu l t  i n  low rates of 

m icro b i a l  p rotei n  syn the s i s  ( A R C, 1 9 8 4 ) .  I n  t h e  pre s e n t  s tudy ,  t h e  cows  on  

Conce ntrates 2 and 3 h ad a ca l cu la ted rat io of  RDP/ME of 7 . 8  and 8 . 2  g/MJ 

respectively which is  close to the ARC value, but the Concentrate 2 group showed the 

h ighest net energy retention (35  MJ; Table 5 . 5 .6). This was probably due to a higher 

UDP intake in cows on Concentrate 2 than those on Concentrate 3 .  

The cows on  Concentrate 2 had higher intakes of  ME, RDP and UDP than the others, 

which resulted in higher yields, net energy re tention and higher 'apparent' efficiency 

of ME uti l isation above maintenance re lat ive to the other groups. Therefore, when 

animal s were fed on tropical grass s i l age of low qual i ty, the suppl ies of energy, crude 

protein and its components (RDP and UDP) were a major detenninant in performance. 

As can be seen by the m ultiple regressions (Table 5 .5 . 8) ,  the performance was related 

to total intakes of ME, crude protei n ,  RDP and U DP.  However, the interpretation of 

this relationship should be taken wi th caution s ince these parameters seem to be auto

correlated. 

From Table 5 . 5 .6, the 'apparent '  effic iency of u t i l i sa tion of ME above maintenance for 

cows on the Concentrate 2 was a reasonable value (c lose to 0.6; ARC, 1 984), while for 

cows on other rations it was very low. Poss ible reasons were discussed previously in 

the experiment with cows fed fresh forages ( Section 4.2.6 . 3 ;  Chapter 4).  The possible 

reasons  i nc l uded an overest imate of MID val ues of the feeds, an underestimate of 

m ain tenance requ irements rather than exact measures,  errors in weighing animals 

precisely, no allowance being made for reduct ion i n  roughage digestib i l ity due to 

concentrate feeding, and effect of reduced level of feeding. 

When i ntakes of individual component s ( M E, RDP, U DP or CP) of total ration were 

separately plotted again st mi lk  y ie ld, net energy i n  m i lk  or net energy retention 

(Figures 5.7, 5 .8 and 5 .9), the sign i ficant re lations between m i l k  yield and intakes of 

ME or CP were evident .  There were also close s ign ificant relations between net energy 

in mi lk and intakes of ME or CP. I ntakes of ME, U DP and CP were c losely related to 

net energy retention . Care must be taken when interpretation of these relationships is  

m ade. The est im ated total i n takes  of ME, RDP, UDP and CP obtained from the 
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products of silage DM intake and concentrations of such nutrient components plus the 

products of concentrate DM intake and concentrations of nutrient components from the 

particular concentrates. In the case of si lage, it is obvious that the nutrient components 

are auto-correlated. However, in the case of concentrate, the nutrient components vary 

considerably. 

In the present study, the concentrates were fed twice daily which may be too infrequent 

to maintain the ammonia concentration in the rumen at the required level. Some 5-6 

hours after feeding the concentration of ammonia may drop below the required level 

(eg. 1 50 mgNH3- N/l itre as suggested by the resu lts reported i n  Chapter 

7) .  Increases i n  frequency of feeding is one possible a l ternative but this needs intensive 

labour, and i s  probably impractical and uneconom ic. Another possible alternative is to 

supply fermentable protein and by-pass protein by the combination of a "block" with 

urea, molasses and by-pass protein. The expected increase in digestibili ty of si lage and 

i ntake of s i lage, and conseq uent ly in nutrient  supply to the cows, would probably 

enhance mi lk production and animal performance . 

5.6.4 AN ECONO M IC ASSESS M E N T  OF M A RG INAL FINANCIAL 

R ETURNS 

An economic assessment was made of the marginal returns from the milk produced per 

treatment less the cost of the concentrates (Table 5 .6. 1 ) . It showed that the marginal 

return was highest when feeding ilage plus Concentrate 2 .  The marginal returns from 

the Concentrates 1 and 3 were simi lar whi le from the Concentrate 4 was lowest. With 

the present price of mi lk and the cost of concentrate, farmers will achieve greater profit 

by feeding silage as their main source of feed for dairy cows during the dry season and 

supplementing moderate level i .e .  5 kgDM of concentrate containing 1 % urea and low 

degradab le  p rote i n  sources  (cotton seed mea l ,  pa lm meal  and maize)  to g ive 

approximately 0.60 protein degradabili ty in the concentrate as in the Concentrate 2 in 

the present experiment. 



Table 5.6. 1 An economic assessment of marginal financial returns. 

Concentrates 

Detail s  2 3 

Milk yield (kg/cow daily) 8 . 7  1 0.3 8.6 

Milk return (NZ$) 4 .79 5 . 67 4 .73 

Cost of concentrate (NZ$) 1 . 3 1  1 . 3 2  1 . 32 

Marginal S urplus (NZ$) 3 .46 4 . 35 3 .4 1  

1 /  NZ$ 0.55/kg milk .  
2/ NZ$ 0.29 for Concentrates 1 ,  2 and 3 :  Z$ 0 .34  for Concentrate 4 .  

1 37 
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8.0 

4.40 

1 . 52 

2.88 
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5.7 CONCLUSIONS 

1 .  Concentrate 2 ( 1  % urea) increased silage intake compared to Concentrates 3 and 4. 

The Concentrate 2 ration resu l ted in  h igher  mi lk  yield (p<O.O l ) , protein y ield 

(p<O .OO l )  and l i veweight change (p<0 .05 ) wh i le fat concentration was lower 

relative to other rations. 

2. With tropical forages, the i mportance of RDP and U D P  intakes was evident as 

shown by mult ip le regression ana lyses .  I n  the  present study, the intake of ME 

among the treatment groups was not very d ifferent .  M il k  yield and net energy in  

mi lk was related to MEL p lus  a l ternat i ve aspects of protein in take (RDP and UDP). 

Net energy retention (milk p lus  l i veweight)  was however only related to RDP and 

UDP i ntake s .  The Concentrate 2 cows had h igher RDP, UDP and ME intakes 

which resulted in h igher m i lk y ie ld, net energy reten t ion  and efficiency of ME used 

above maintenance relative to other groups .  

3. As the Concentrate 2 ( l  % urea) showed a better response over the others (0 or 2% 

urea), the optimum level of urea in the concentrate was shown to be 1 % .  However, 

this can only be applied to the s i tuat ion where moderate level of concentrate (4.5 

kgDM )  was supplemented to poor qua l i t y  s i l age as i n  the present s tudy. Further 

research is needed to investigate the opt im um Level  of urea added to concentrate 

i .e .  0.5, 1 .0 and 1 .5% when better q ua l i ty forages are fed.  

with 
4. From a prac tical point  of v iew,  and i n adeq uate information to confi rm the 

appropriate level of urea in the concentrate at presen t, 1 % urea should probably be 

added to the concentrate to s upply an adequate level  of RDP and thus to maintain 

an adequate level of ammonia in the rumen (usua l ly  above 1 50 mgNH3-N/l i tre of 

rumen fluid). In the tropics where the typical  forages are low in protein, not only 

intake of ME but also intakes of RDP and UDP should be taken into account when 

the ration is  formulated. 
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Figure 5.7 Relationships between milk yield and intakes of ME, ROP, UOP and 

CPo 

Data for individual cows shown (.) .  

Mean values for each treatment shown (0). 
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ME, RDP, UDP and CPo 

Data for individual cows shown ( . ) .  

Mean values for each treatment shown (0). 
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CHAPTER 6 

AN ESTIMATION O F  DRY M ATTE R  AND PROTEIN DEGRADABILITY 

IN FEEDSTUFFS COMMONLY FED TO DAIRY COWS IN THAILAND 
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6.1 INTRODUCT ION AND OBJ ECTIVES 

There is a w ide variety of feedstuffs used in the concentrates which are fed to dairy 

cattle i n  Thailand. These feedstuffs vary in their nutritive values, and in the extent of 

dry m atter and prote in  degradabi l i ty. The degradability of feed protein has recently 

been recognised as a m ajor factor involved in the metabolism of protei n  and non

protein n itrogen (NPN) in ruminants. The estimated degradabil ity of feed proteins can 

give some indication of the probable in vivo uti l i sation of the protein .  

The extent to which a protein ource is degraded in the rumen has a marked influence 

on the fate of the ingested nitrogen . The degradab le fraction is converted l argely to 

ammonia, fatty acids and carbon dioxide, with a portion of the ammonia being used for 

m icrobial  protein synthes i s  i n  the rumen and the remainder being lost as urea. The 

undegradable frac tion escape digestion in the rumen and subsequently becomes 

avai l able for intestinal digestion and absorption (A RC, 1 980, 1 984). 

Many of the values for protein  degradabil i ty which are currently avai lable have been 

est imated i ndirectly from in vitro solu bi l i ty data (ARC, 1 980) .  On the other hand, 

some of the values measured in vivo are crude estimates and vary widely even for the 

s ame  feed prote i n  ( Ch al u p a, 1 9 7 5 ) .  A re ported by M i l l er ( 1 98 2 ) ,  in v ivo 

measurements of feed protei n  degradabil i ty with in  the rumen generally use animal s  

equipped with double re -entrant  cann ulae in  the rumen  and abomasum or  terminal 

i leum. Thi s  techn ique is often used as the reference method for estimating feed protein 

degradability but has l imited usefulness for large-scale determinations of degradability 

i n  practice. 

Unfortunately the m ajority of in vivo degradability values have been obtained from 

sheep, and therefore, i t  may be inappropriate to apply these values to dairy cattle. The 

paucity of accurate estimates of degradability ,  and the variability generally observed in 

these s tudies, is due to the difficu l t  nature of the experimenta l  procedures involved 

with the in vivo methods which include complex surgical preparations of experimental 

animals,  complicated methods for measuring microbial prote in ,  and extensive sample 

analysis. I n  addition, the in vivo methods are al 0 more expensive than in vitro and in 

sacco methods. 
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Of the various other methods suggested as alternatives to the in vivo technique, only a 

few have been general ly accepted. One of the more prom is ing approaches widely 

accepted is the nylon bag technique, which Mehrez and Orskov ( 1 977) considered as 

suitable for determining degradation of protein .  The most simple application of the 

technique for estimating protein degradation is to suspend the bag in the rumen for an 

arbitrary period of time, thus giving a relative estimate of protein degradation. Many 

reviews covering various aspects of this method have been published and extensively 

discussed (Orskov and McDonald, 1 979; Mathers and Miller, 1 98 1 ;  McDonald, 1 98 1 ;  

Broderick, 1 982; Mi l ler, 1 982; S tern and Satter, ] 982; Lindberg, 1 985) .  

Because infonnation for feed protein degradation in Thailand is very limited, the dry 

matter and protein degradability of 10 feedstuffs which are widely used in concentrate 

supplements were therefore determ ined by the nylon bag technique at Khon Kaen 

University, Khon Kaen , Thailand. 

6.2 M ATERIALS AND METHODS 

6.2. 1 ANIMALS AND T H E I R  FEEDING 

Two dairy heifers (Friesian crossbred with local dairy cattle), equipped with cannulae 

in  the rumen were used. They were fed,  at the maintenance leve l ,  4 kgDM of urea

treated rice straw with an additional 2 kg of balanced concentrates, given as two equal 

meals per day, at 0800 and 1 600 h .  

6.2.2 FEEDSTUFFS 

Ten selec ted feedstuffs ; tapioca, soyabean meal, solvent extracted cotton seed meal, 

hydraulic extracted cotton seed meal ,  groundnut meal , sesame meal, ground maize, 

palm meal, corn meal and rice bran were used in the present determination. A brief 

description of i ndividual feedstuffs is gi ven as fol lows: 
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By-product from oil seed 

1 .  Cotton seed meal (hydraulic extract) :  Th is is the by-product from the production 

of oil .  The oil is extracted by an hydraulic process. The residue is then dried and 

used for animal feed. 

2. Cotton seed meal (solvent extract) : The oil from whole cotton seed is  extracted 

by partial mechanical extraction and then by solvent extraction process .  The 

residue is dried and used for an imal feed. 

3. G roundnut mea l :  It is  a by-product of the pean u t  industry; so-cal led ground 

peanut cake is  the product which remains after the extraction of the oil of peanuts 

by pressure and solvents. 

4. Sesame mea l :  The o i l  meal  i s produced from the ent ire seed by a solvent 

extraction process. The res idue is used for animal feed. 

5. Soybean meal :  Soybean meal is  the ground residue remaining after the removal 

of most of the oil from soybean by solvent extraction. 

6. Palm meal : It i s  al so a by-product of the oil i ndus try . The residue left after 

solvent extraction is used for s tockfeed. 

Starch, grain  and its by-products 

7 .  Tapioca : Tapioca i s  a major crop for stoc kfeed in  Thai land. The underground 

root is harvested, chopped and sun -dried to become tapioca chips. 

8. Maize:  I t  is also a major crop for animal feed which has been ground before 

feeding. 

9 .  Corn meal :  Corn meal is  a by-product of tarch and oi l  i ndustry . 

1 0. Rice bran :  A by-product from rice gra in and widely use as animal feed. 
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6.2.3 DEGRADATION IN THE R U M EN 

The feeds tu ffs taken from D PO ' s  feedm i l l ,  w h i c h  p roduces  and  d i s t r ibu te s  

concentrates to the majority o f  the dairy farmers i n  Thailand, were ground through a 3 

mm screen and the rumen degradation values obtained by weighing approximately 5 

gDM of individual feedstuff into each of t he nylon bags (outer dimensions 80 x 1 10 

mm; pore size 47 �m, Estal Mono, Switzerland). A total of 60 bags were suspended i n  

the rumen o f  each heifer ( 1 0 feedstuffs and 6 times o f  removal from the rumen) prior 

to the morning feeding. A bag for each feed per animal was incubated in the rumen for 

2,  4, 6, 1 2, 24 and 48 hours, and then removed and washed with running cold tap water 

until c lear (approximately 5-6 m i n utes ) ,  and then dried at 60°C for 24 h (Lindberg, 

1 982). After weighing each bag i ndividual ly,  two bags (one from each animal) of each 

feed at each incubation period were pooled to make one represen tative sample large 

enough for N determination. To charac terise the degradation of feed samples in  the 

rume n ,  the degradation va l ues were then f i t ted to the equa t ion  of Orskov and 

McDonald ( 1 979) : 

where: 

dg = a + b( l -exp-ct) .  

dg = the degradation at time t .  

a = the constant for the i n stantly  degradable fraction of the feed. 

b = the constant for the slowly degradable fraction of the feed. 

c = the rate of degradation of ' h ' .  

The constants  were computed b y  a cu rve fi t t i n g  program me and the potent ial 

degradabi lity determined as a product of a + b. 

The effective degradab i l i ties of protein were est im ated by the fol lowing equation 

(Orskov and McDonald, 1 979): 

dg = a + IJc/c+k.  

where dg i s  the effective degradabi l i ry ;  a ,  b and c are the constants as mentioned 

previously; and k is  rumen fractional outflow rate of undegraded protein which, in the 

present study, was assumed to be 0.046/h (Orskov and McDonald, 1 979).  



1 46 

This effective degradabi lity (a + bel( e + k)) i s  assumed to be converted to microbial 

protein at an efficiency of 1 .0 (ARC, 1 980). However, the new metabolisable protein 

system proposed by IDPW ( 1 99 1 )  described the term ' a '  as "quickly degraded N 

which is assumed to be converted to microbial protein at an efficiency of 0.8" and the 

term 'bc/e+k' as " slowly degraded N which is assumed to convert to microbial protein 

at an efficiency of 1 .0" (IDPW, 1 99 1 ;  Webster, 1 992) .  

6.2.4 CHEM ICAL ANALYS IS 

The feed samples and their rllmen- lIndegraded res idues were analysed for DM (60°C, 

24 h) and N concentration (Kjeldahl ) .  

6.3 RESULTS 

6.3 . 1  CHEM ICAL ANAL YSES OF T H E  FEEDS 

The dry mat ter and crude prote in percentage of individual feedstuffs used in  the 

present determinations are presented i n  Table 6.3.  I .  

Table 6.3. 1 The percentage of dry mat ter and crude protein of feedstuffs. 

Feedstuffs 

Cotton seed meal (hydraulic extract) 
Cotton seed meal (solvent extract) 
Groundnut meal 
Sesame meal 
Soybean meal 
Palm meal 
Tapioca 
Maize 
Corn meal 
Rice bran 

Dry matter 
(%)  

89.8 
89.8 
9 1 .2 
92. 1 
90.0 
94. 1 
87 .7  
88 .8  
90.6 
9 1 .4 

Crude protein 
(% DM) 

4 1 .0 
45 . 1  
47.2  
42.4 
49. 1  
2 1 .0 

2.0 
9.9 

22.9 
1 4.2 
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6.3.2 DRY M ATTER DEGRADAT ION 

Values for percentage dry matter disappearance from the nylon bags or degradation in  

the rumen at  various times of incubation of individual feedstuffs are presented in  Table 

6.3.2. Increases in DM degradation with time were found for all feeds up to 48 h of 

incubation . The constant for the instantly degradable fraction (a) of DM was highest 

for m ai ze ( 1 2 . 2) and l owest  for palm meal  (0 .4%)  w i th the  other  feeds being 

intermediate in value (range from 4.7 to 1 0. 5%) .  However, the maximum potential DM 

degradation va lue (a+b)  was highest  for soya bean m eal (92 .9%) with r ice bran 

(40.9%) and again palm meal (46 .3%)  at the lower end of the scale .  The remaining 

feeds showed intermediate values between 60 to 80% DM degradation. 

Figure 6. 1 shows the curves drawn from fitted s ingle exponential equations (r=0.87-

0.96) of percentage of DM disappearance from the nylon bags, against time. From 

these curves,  i t  was shown that during the first period of incubation (6- 1 8h) the rate of 

D M  disappearance was very rapid but  it then dec l ined to zero over the remaining 

period. The actual percentages of DM disappearance from nylon bags at various time 

of incubation of individual feeds are i l l ustrated in Figure 6 .3 .  

6.3.3 PROTEIN DEGRADATION 

Protei n  degradabi l i ty values for i nd iv idual feedstuffs at various incubation times 

together with their calculated ' constant '  values are presented in  Table 6.3 .3 .  The rate 

constant (c) of ruminal protein degradation was highest for corn meal and palm meal, 

being 1 .09 and 0.8 1  respectively .  Soyabean meal, cotton seed meal , groundnut meal 

and sesam e  meal  s howed low val ues , ranging from 0.07-0 . 1 2  (Table 6 . 3 . 3 ) .  The 

instantly degradable fraction (a) of protein was highest in sesame meal ( 1 1 .9%) and 

lowest in cotton seed meal ( -3 . 1 7% ,  for the hydrau l ic extract) with corn meal also 

showing a very low value of 0.06% . The potential protei n  degradation values (a+b) 

were in descending order from groundnut meal, showing the h ighest value (97 .2%), 

then soyabean meal, sesame meal, cotton eed meal ( solvent extract), cotton seed meal 
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(hydraulic extract), palm meal, corn meal , rice bran and finally maize with the lowest 

value (55 .6%). The calculated effective protein  degradabi l ities (dg) are also given in 

Table 6.3 .3 .  

Figure 6 .2  showed the curves fitted by s ingle exponential equations (r=0.87-0.99) of 

individual feedstuffs. The rate of N disappearance showed a similar trend to the rate of 

DM disappearance, being very rap id dur ing  the firs t 6- 1 8  hours and then declining 

over the remaining 30 to 40 hours . Of additional interest was the extremely rapid rate 

of N disappearance in palm meal and corn meal , and to a lesser extent in rice bran and 

maize. However only 50-70% of the content in these four feeds was degraded in the 

rumen compared with, for example, 90-97% of that in groundnut meal and soyabean 

meal . The actual percen tages of N disappearance from nylon bags at various time of 

incubation of individual feeds are i l lustrated in Figure 6.4. 

The values determined in  thi s Chapter were subsequently used to formulate rations for 

the experiment described in  Chapter 5 and a l 0 used to estimate protein degradabilities 

of concentrates in Chapter 4. 



Table 6.3.2 Dry maHer disa ppearance ( % )  from the feedstuffs i n  nylon bags incubated in the ru lllen of heifers. 

- - --�----

I lours Tapioca Soybean Cotton 1/  Cotton2/ Groumln ul  Sesal\le 

Meal S eeu M eal Seeu Meal Meal Meal 

------

2 42.� 37.5 1 7 .0 30'() 43.0 36.� 

4 44. 1 38 .5  1 7 .4 3 1 .4 46.9 42.2 

6 5 0.6 43.4 1 9.2  37.9 50.2 49.5  

· 1 2 5 5 .4 59.7 23. 1 50.0 72.4 57 .8  
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( 'o l l s ta l l t s  
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Table 6.3.3 Nitrogen disappearance ( % )  from the feedstuffs in nylon bags incubated in the rumen of heifers. 

Hours Soybean Cotton II Cotton21 Groundnut Sesame Maize Palm Corn Rice 

Meal Seed Meal Seed Meal Meal Meal Meal Meal Bran 

2 23.78 6.02 23.6 1 33 .42 40.54 38.43 60.94 63.88 40.92 

4 27 .76 1 3 .76 29.65 37 .2 1 5 1 . 1 9  4 1 .34 64.22 65.63 44.05 

6 47.72 2 1 . 1 0 3 1 .77 4 1 .55 5 1 .8 1 42.94 66.40 68 .99 44.48 

1 2  59.00 4 1 .50 49.62 67 .38 55 . 1 4  47.40 67 .27 69.03 48.87 

24 76.95 65 .67 65.40 H5 . 1 1 H 5 .7 1 54.33 78 .54 70.82 6 1 .52  

4 X  \)4 . \)4 7 1 . 35 X I . ()X ()X .44 94 .3X  6X. 1 4  79 .XX 77.70 73 .05 

( ' ( ) I l s t a l l t s  
( /  4 . 5 7  - 3 . 1 7  () .5 () 7 . 24 I 1 .9 2  2 .43  0.30 0.06 4.6g 

" '807 .97 '800.0 1 74.93 H9.93 77.54 53 . 1 3 7 2 . 1 4  70.77 57.90 

( ' 0.09 0.07 0.07 0.09 0. 1 2  0.37 0. 8 1  1 .09 0.28 

a + h  92.54 76.84 8 1 .49 97. 1 7  89.46 55.56 72.44 70.83 62.58  

r 0.98 0.99 0.98 0.98 0.9 1 0.90 0.97 0.97 0. 87 

dg 62.79 45 . 1 1  5 1 .78 66.75 67.97 49.69 68.56 67 .96 54.4 1 

I I . _ hydraulic extract. 21 - solvent extract. dg - effective degradability. 

........ 
U1 
0 
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Figure 6._2 Curves drawn from fitted single exponential equation of percentage of 

N d i s a p peara nce from the nylon bags of feedstuffs. 
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6.4 DISCUSS ION 

6.4. 1 FACTORS WHICH MA Y AFFECT M EASUREMENTS 

Rumina! degradation values were measured with repeated incubations up to 48 hours, 

and the degradation constants a, b and c were calculated. These constants are widely 

u sed to characterise the rumen degradat ion of feeds and they are closely correlated 

with in vivo DM i ntake, digestible DM i ntake and growth performance in sheep and 

catt le (Orskov and McDonald ,  1 979 ;  Hovel l  et al . , 1 9 86 ;  Orskov et al. , 1 988) .  

However care m us t  be taken wi th low degradable feeds to  ens ure that sufficient 

' wi thdrawa l '  samp les are taken over an adeq uate period of t ime, thereby providing 

sufficient data 'points '  to adequately define the asym ptote (a+b), as reported Orskov 

and McDonald ( 1 979). 

The animals in the present study were fed on a m ixed diet at maintenance level and 

used a passage rate of 0.046/h which should have min imised the effect of basal diet 

on the degradabil ity values .  However, the compos i t ion of th i s  ration may make i t  

difficult to compare the present resu l ts with results obtained with animals fed on  basal 

rations which were either solely  concentrates or solely roughage. The relative effect of 

diet on nylon bag degradab i l i ty makes i t  necessary to standardise the ration for the 

animals u sed for incubation .  Loerch el al. ( l 983a) also found a significant but small 

effect  of n i trogen source on the pro te i n  de gradab i l i t y .  Th i s  cou l d  pos s i b l y  be 

m in imised by feeding small amou n t  of a w ide range of prote in  supplements to the 

animals used for incubation . 

Although, the outflow rate in  the present study was not measured, the calculation using 

an outflow rate of 0.046 was probably c lose to real v alues .  However, the results 

should be interpreted with cau t ion and used for the purpose of comparison between 

protei n  sources with i n  the present experiment .  evertheless, theore tical calculations 

were carried out to assess the effec ts of vary i ng  outflow rates over a wide range on 

estimates of protein  degradabi l ity. The resu l ts displayed graphical ly in Figure 6.5 show 

that over the probable range of k for cattle g iven a m ixed diet at maintenance (0.04-

0.06) , feed protein degradabi l i ty wi l l  be altered by on ly  0.03-0.08 units. The results 
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further indicate that manipulations which i ncrease k, e.g.  increased level of feeding, are 

likely to have their greatest effects where c, the rate constant for disappearance of N 

from the nylon bag, is smallest. 

For example, in the present s tudy, k value is assumed to be 0.046/h. If comparisons 

were made between calculated dg values of cotton seed meal (solvent extract) with the 

smallest constant 'c' (0.07)  and of corn meal with the largest constant 'c '  ( 1 .09), and if 

k value is increased from 0.046 to 0.08/h. The calculated dg values of the respective 

cotton seed meal (solvent extract) and corn meal were 4 l .S and 66.0%. The differences 

between the assumption of k val ue of 0 .046 and O.08/h were 10 .3  and 2% for cotton 

seed meal and corn meal respectively .  

The choice of a suitable sample particle size is closely l inked to the bag pore size used 

(Lindberg, 1 985) .  In the l ight of the uncerta inty as to the optimum pore s ize, the 47 11m 

pore s i ze materia l  se lec ted for the presen t  s tudy was con s idered an acceptab le 

compromise as most scientists wide ly accepted a pore s i ze between 30 and SO 11m . 

Effects of part icle s ize were studied i n  the trial of Lindberg ( 1 987), in which peas, 

rapeseed meal, wheat bran and oat hu l l s  were ground ei ther coarsely (S mm screen) or 

finely ( 1 .5 mm screen), and were incubated in 36 11m nylon bags in a rumen cannulated 

dairy cow . Only m inor effects of sample part iCle s i ze were reported. In the present 

study, the feed samples were ground through 3 mm screen ,  therefore, sample particle 

size should not have affected the resu l ts. 
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Figure 6.5 Calculated degradabi li ty value of feed protein at different fractional 

outflow rate. Dashed lines show the range most commonly measured 

outflow rate of feed protein .  
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6.4.2 DEGRADATION OF PROTEIN IN THE RUMEN 

Table 6.4. 1 shows the degradabi l ity values of protein for various feedstuffs classified 

in groups, from the present study and previou publ ished data. 

I n  the present  study, the protei n  degradabi l i ty value of soyabean meal (62 .8%) was 

s imilar to those measured by L indberg ( l 98 1 a) and Rooke et al. ( 1 982). The lower 

values of 35 .6  and 36 .3% reported by Okeke et aL. ( 1 983 )  compared wi th 82 .0% 

reported by S iddons et  al. ( 1 985)  were probably due to the smaller bag pore size of 

1 0IJ.m u sed i n  the form er exper i m e n t  c o m pared w i t h  43IJ.m used i n  the latter 

experiment. Also the trial of Okeke et aL. ( 1 983) s i lage and concentrate was fed as a 

basal diet compared with hay in  the trial of Siddon e t  aL. ( 1 985) .  Feeding concentrate 

has been found to reduce rumen pH (Mould and Orskov, 1 983)  and hence lower values 

of degradabi l i ty would be expected (Li ndberg, 1 985) .  

The protein  degradabil i ty values for cotton seed meal (45 . 1 and 5 1 .8%) in  the present 

study were similar to those recorded by Erdman et aL . ( 1 987),  Hennessy et al. ( 1 983),  

Goetsch and Owens ( 1 985)  and Barrio et aL .  ( 1 986). The value for groundnut meal 

(66.8%) was s imi lar to values measured by S iddons et aL. ( 1 985) ;  and that for maize 

(49.7%)  was s imi lar to values measured by Barrio et aL. ( 1 986). The value of protein 

degradability for palm meal (68.6%) i n  the present s tudy was h igher than that recorded 

by Madsen and Hvelplund ( 1 985) whereas the value of corn meal (68.0%) was similar 

to that recorded by Erdman and Vandersal l  ( 1 983 ) .  

However, those values reported in  Table 6.4. 1 were determ i ned in experiments which 

differed i n  several respects (different animal spec ies, different basal diets, different bag 

pore size, different times of i ncubation and fractional outflow rates from the rumen of 

the sol id part icles) .  The difference in rate of degradation of various feedstuffs are 

l i ke l y  to be due  to  d i ffere nces  betwee n e x pe r i m en t s  i n  feed sources ,  s am ple 

preparation and rumi nal suspens ion method · .  The rate of prote in degradation from 

various protei n  sources may be faster when the feedstuffs are incubated in  the rumen 

of sheep given a h igh roughage-ba ·ed diet as compared with high concentrate diets 

because of the fas ter rumen turnover on the h igh roughage-based diets where the 

cellulose digestion is rapid, compared with the h igh concentrate diets where cellulose 

digestion is slower. In addition, rates of degradation may be s l ightly lower when the 

diets are fed ad Libitum than when they are gi ven under restricted feeding conditions, 
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because of the enhanced rate of passage from the n1men at high levels of feeding.  I n  

fact, Orskov e t  at. ( 1 980) observed that degradabi l i ty decreased with increasing flow 

rates from the rumen,  therefore, the ruminal passage rates have a major effect on the 

degradation of proteins. Care must be taken when compared the results in the present 

study with those reported in Table 6.4. 1 .  

Although the present study was not designed to examine in vivo degradabil ity of feed 

proteins,  other authors have com pared the in situ and in vivo measurements of feed 

protei n  degradabi l i ty .  For mixed diets and for diets wi th a l arge proportion of the 

nitrogen from protein supplements there appears, in general , to be a good agreement 

between es t imates of prote in  degradabi l i ty from nylon bag and in vivo methods 

( Mathers and Mi l ler, 1 98 1 ;  Z inn  et  af. , 1 98 1 ;  Loerch et  at. , 1 983b; Kennedy et at. , 

1 982;  Rooke and Arm strong, 1 983 ;  Stern and Satter, 1 984; S iddon et al. , 1 985 ;  

Madsen and Hvelplund, 1 985 ;  Rooke e t  at. ,  1 985) .  However, poor agreement between 

ny lon bag and in vivo est im ates  has a l so bee n re ported (Wi l l i ams  et al. ,  1 983 ;  

L indberg , 1 9 84; Rooke e t  a t . , 1 98 5 ) .  I n  d iets  cons i s t ing  of roughages only ,  the 

estimates for protein  degradabil ity by nylon bag and in vivo have been shown to differ 

considerably (Chapman and N orton ,  1 984; Kennedy et al. , 1 984) and may be due to 

errors involved in the estimation of prote in  degradabi l ity by the nylon bag technique 

(Kennedy et al. , 1 984; Varvikko and Lindberg, 1 985) .  I n  cows fed on hay, Madsen and 

H ve l p l u n d  ( 1 98 5 )  fou n d  that  the best re l a t ion bet wee n in vivo and ny lon bag 

degradabi l i ties was obtained when us ing  a re lat ively h igh outflow rate (0.08/h) for 

cows eating about 1 4  kgDM/day . 

I n  heifers fed on a m ixed diet i n  the present study and assuming  v alue of 0.046/h 

fractional outflow rate, the dg value by nylon bag technique were similar to those in 

vivo values obtained from cattle reponed in Table 6.4. 1 .  For example, the dg 

values for cotton seed meal were 45 . 1 and 5 1 . 8 compared to in vivo value of 53.0% 

(Madsen and Hvelplund, 1 985) and of 54 .0% (Zinn and Owens, 1 983) .  The dg value 

for soybean mea l  was 62 . 8 com pared t o  in  v ivo  v a l ue of 65 . 0% ( M adsen and 

Hvelp lund, 1 985 ) .  The dg value for grou ndnut meal  was 66. 8 compared to in  vivo 

value of 63 .0% (Hume, 1 974). Th is suggested that for cattle fed at maintenance on a 

m ixed diet, a close rel ation between in vivo and nylon bag degradabilities could be 

obtained when using an outflow rate of about 0.05/h . The outflow rate values of 0.046 

and 0.05 were also suggested by Or kov and McDonald ( 1 979) and ADAS ( 1 989). 
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The v ar iat ion s i n  prote i n  degradab i l i t ies  recorded i n  t h i s  c h ap ter provides an 

explanation of the variations in RDP and UDP supplies to the animal s  from various 

formu lations of concentrates used in the present studies (Chapters 4 and 5 )  and in  

Tha i land .  For  examp le ,  the prote i n  degrada b i l i t i e s  of 1 7 %  CP and 30% CP 

concentrates used in  Chapter 4 were estimated to  be 0.65 and 0.53 respectively while 

those (22% CP concentrates) in Chapter 5 were estimated to range from 0.57 to 0.68. 

The high protein  degradabilities of the 17% CP concentrate (0.65) recorded in Chapter 

4 and of the 22% CP Concentrate 3 (0.68) reported in Chapter 5 were due to the 

addition of 2% urea to these concen trates. In contrast, the low protein degradabilities 

of the  30% CP concentrates  (0 . 5 3 )  recorded i n  Chapter  4 and  of the 1 9% CP 

Concentrate 1 (0.57) reported in Chapter 5 were due to the considerable proportion of 

cotton seed meal and maize, which are known to be resistant to rumen degradation, in  

these concentrates. 

From the two experiments conducted in Thai l and (Chapters 4 and 5), there was no 

c lear advantage in us ing either low or high protein degradabi l i ties  concentrates .  I t  

appeared however that Concentrate 2 (22% CP concentrate with a protein degradabil ity 

value of approximate ly  0 .60 wi th  1 % urea added) showed the most  favourable 

responses i n  term s of increased roughage in take and animal performance (milk yield 

and l iveweight gain) .  

With low quality roughage, as  often occurs i n  the Tropics, a major difficulty wi th  the 

efficient use of concentrates by ruminants is that as the amount of concentrate eaten 

i ncreases, the intake of roughage decreases i .e .  substitution of concentrate for roughage 

occurs. Secondly, the digestion of the fibrous components or cell wall contents of the 

diet may be depressed by the dietary concentrates. Both of these factors tend to reduce 

the amount of digestible energy the animal obtains from the roughage. It may be more 

desirable for some of the die tary concen trates to be digested and absorbed from the 

small i ntestines as wel l as the appropriate proportion being fermented in the rumen. 

However, rumen fermentable N and carbohydrates are also required by fibre-digesting 

rumen m icroorganisms and a balance of these nu trients ,  such as in Concentrate 2 

(Chapter 5) should be taken into account when concentrate formulations are made. 
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Most cereal grains and their by-products contain l arge proportions of starch and sugar 

which are rapidly fermented in the rumen. Urea is known to degrade to ammonia very 

rapidly. Maize, sorghum and cotton seed meal are only slowly fermented in  the rumen 

and appreciable proportions m ay escape rumen fermentation (Su tton ,  1 980).  Also 

considerable amounts of  starch in rice bran have been reported to reach the duodenum 

of cattle (Elliot et ai, 1 978). Hopefully, knowledge of such variations in degradation of 

feedstuffs mention�arlier and reported in  thi chapter wil l  help the farmers and the 

government  agricu ltural advisers to form u late an appropriate concentrate for the 

particular classes of stock and hence contribute to the progress of Thai dairy i ndustry. 

6.5 CONCLUSION 

1 .  E s t i m a t ions  of prote in  degradab i l i t y for feeds tuffs common ly  used in the 

concentrates which are fed to dairy cattle in Thailand provided useful information 

for prediction of protein supply to the an imal  (both by microbial protein and 

dietary protein which escaped rumen degradation) .  

2 .  The est imates of protein degradation of feedstuffs l i s ted from other pub l i shed 

experiments are extremely variable and in vivo information is  very l imited and 

often nonexistent for many feedstuffs . Part of the variation between degradation 

est imates  is due to variation i n  experimen tal  methods .  The va lues for protei n  

degradation i n  Table 6.4. 1 m ust be u ed w i  t h  cau tion .  Soyabean meal, groundnut 

meal, sesame meal, palm meal and corn meal contain relatively high concentrations 

of degradable protein (63-69%) whi le cotton seed meal and maize (45-52%) are 

relatively resistant to protein degradation.  

3 .  Knowledge of variations in protein degradabi lity between feeds i s  essential for the 

appropriate formu lation and preparation of meal concen trates for the various 

classes of animals (dry, mi lking or young stock) .  Such information is very l imited 

in Thailand and the present values may he lp to explain the variation that curren tly 

occurs in  the performance of cattle fed on different concentrates in  Thailand. More 

basic research of the value of the various feeds available in Thailand i s  urgently 

needed. 



Table 6.4 . 1  Values for protein degradabi l i ty ;  t he present values and  publ ished estimates of  protein disappearance from nylon bags 
i ncubated in the rumen. 

Samp le Animal Basal diet Bag Hour k dg References 
pore of (%) 
size i ncuba 

(11m )  - t ion 

Soya bean meal Catt le Treated straw + 4 1  48 0.046 62.8 The present s tudy 
concent rate 

S heep Barley 1 5  24 0.030 66.0 Ganev et al. , 1 979.  
S heep Barley 1 5  24 0.067 57 .0 
Sheep Dried grass 1 5  24 0'()46 7 1 .0 
Sheep Dried grass 1 5  24 0.060 66.0 

Catt le S i l age + concentrate 67 28 0.048 67.0 Erdman et al. , 1 987.  

24 0.050 86.0 Laycock and Miller, 1 98 1 .  

Catt l e  Hay 1 0  48 0.050 66.0 L indberg, 1 98 1  a .  
Catt le H ay + oats (70: 30) 1 0  48 0.050 56.6 
Cattk I l ay + oats (30:70) 1 0  48 0.050 57 .2  

Catt le I l ay + oats 00:70) 1 0  48 0.050 5 3 . 8  Lindberg, 1 98 1  b .  
Ca tt le I l ay + oats (70:30)  1 0  48 0.050 57 .0 
Catt le I l ay + oats (30:70) 1 0  48 0. 1 00 43.5 
Ca ttle I lay + oa ts (70: 30) 1 0  48 0. 100 43.6 

, 

Cattle I l ay 36 48 0.044 73 .0  Kri stensen et ai. , 1 982 .  

Cattle l I ay + barley 47 24 0. 1 30 40.0 Rooke et ai. , 1 982.  

Cattle Hay + barley 47 24 0.046 59.0 
Cattle Hay + barley 47 24 0.036 65.0 

0\ N 



Cattle S i lage + concentrate 47 24 0.036 80.0 Rooke et al. , 1983 .  

Sheep I lay 5 3  24 0.050 92 . 1 Cwnjc, 1 983 .  

Callie Hay + concentrate (25 :75) 52 24 0.055 64.9 Weakley et al. , 1983 .  
Cattle Hay + concentrate (40:60) 52  24 0.055 7 1 .3 
Cattle Hay + concentrate (60:40) 52 24 0.055 69.3 

'" Cattle Hay + concentrate (80:20) 5 2  24 0.055 7 1 .7 

Callie Hay + concentrate 52 24 0.049 63.0 S tern et  al. ,  1 983 .  
Cattle Hay + concentrate 52  24 0.049 72.0 
Cattle Hay + concentrate 52 24 0.049 7 8 .0 
Cattle Hay + concentrate 52 24 0.049 84.0 

Cattle Hay 36 48 0.080 60.0 Madsen and Hvelplu nd., 1985.  

Callie Hay 20 1 5  0,070 52.0 Hennessy et al., 1983.  

Call ie COllce l l t ra te  20-70 24 0.052 7 1 .3 Loerch et al., 1 983a.  

S heep Dried grass  3() 24 0. 1 00 84.8 Orskov el al.,  1 98 3 .  
heep Dried grass 36 24 0 .050 62.2 

S heep Barley 36 24 0.050 54.8 
Ca ll ie D ried grass 36 24 0. 1 00 89.2 

Callie S i lage + concentrate 67 46 0.05 67 .5 Erdman and Vandersal l .  1983.  

Cattle S i lage + concentrate 1 0  24 0.082 35.6 Okeke et al. , 1 983.  
Cattle S i lage + concentrate 1 0  24 0.082 36.3 

Cattle Hay + concentrate 48 24 0.050 72 .3 Ha and Kennelly. 1 984. 

Cattle Hay + concentrate (60:40) 5 2  24 0.050 74.5 S tern et al. , 1985 .  

...... 
0\ W 



Cattle S i lage + concentrate 59 72 0.050 83 .0 Annentano et al., 1986. 

Cattle Hay + concentrate 48 24 0.050 53 .5  Ha et al. , 1 986. 

Cattle Hay + concentrate 50-70 72 0. 103 7 1 .3 Zerbini and Polan., 1 985. 

Sheep Hay 43 48 0.034 82.0 S iddons et al. , 1985.  

0.046 7 1 .0 Orskov and McDonald, 1 979. 

Ca l l ie Lucerne + conccntrate 20-70 24 H9. 3  Loerch et al., 1 983b.  

Ca ll ie Hay + conce n trate 4� 24 H2.0 Zin n  et al. , 1 98 1 .  
Call ie H ay + conce ntratc 4X 24 �5 .0 

( 'a I l k  R()l Ighag� + COl 1ce n t rate I ( )  24 (\.) . 6  Forster e l  al . ,  I n3. 

( 'a l l k  S i l age I ( )  24 :·n.2  Varv ikko et al. ,  I Y�3 .  
( 'a l l k  S i l age 4( )  24 X4 .7 

S heep G rass  (poor q ua l i t y )  43 24 99.0 S iddons and Paradinc .  1 98 3 .  
S heep Grass  + barley 43 24 n .o 
S heep G ra s s  (good quality) 43 24 YX.O 
Sheep Grass + barley 43 24 84.0 
Cattle Grass (poor quality) 43 24 96.0 
Cattle Grass + barley 43 24 84.0 
Cattle Grass (good quality) 43 24 84.0 
Cattle Grass + barley 43 24 72.0 

Callie Si lage + concentrate 20-70 24 89.0 Spears et al. , 1 985.  

Cattle Hay + concentrate 25-75 20 73 .9  Goetsch and Owens, 1985. 

Sheep S traw + concentrate 24 24 5 1 .5 Alawa and Hamingway. 1 986. 
...... 

� 



Cattle Si lage + concentrate 47 24 79.0 Rooke et al., 1 986. 

Sheep Hay + concentrate 70 24 8 1 .8 Waltz and Loerch,  1 986. 
Sheep Hay + concentrate 70 24 84.3 

Cattle Straw + concentrate 24 24 5 3 .9 Alawa et al. , 1 986. 

Cattle Roughage + concentrate 70 24 50.5 Kovacik et al. , 1986. 

Cattle 45 1 2  54.4 Rae and Smithard, 1 985 

Cattle Hay + concentrate (20:80) 50-75 24 68.6 Barrio et ai. ,  1 986. 
Cattle Hay + concentrate (60:40) 50-75 24 68 .8  

II I  vivo Cattle 7 3 .0 Zinn et al., 1 98 1 .  

Sheep 39.0 Hume, 1 974. 

Cattle 7 (J .0 Mcrchcn el al. , 1979. 

Ca tt le �O.O Kropp el al. ,  1 977. 

Cattle 66.0 Zinn  and Owens,  1 983.  

Cattle 7 1 .0 Loerch et al. , 1 983b. 

Cattle ()) .O Madsen and l-lvclplund, 1 985 .  

Cattle 74.0 Rooke et al. ,  1982. 

Cattle 90.0 Rooke et al. , 1 983.  

Sheep 88.0 S iddons et al. , 1 985.  

...... 

0\ Ul 



Cotton seed meal  Cattle Treated straw + 41  48 0.046 45. 1 The present study 
concentrate (Solvent extracted) 

Cattle Treated straw + 4 1  48 0.046 51.8 The present study 
concentrate (hydraul ic extracted) 

Cattle Hay + oats (70:30) 10 24 0.050 30.2 Lindberg, 1 98 1 .  
Cattle Hay + oats ( 30:70) 10  24 0.050 3 1 .6 
Cattle Hay + oats (70:30) 10 24 0. 1 00 28.4 
Cattle Hay + oats (30:70) 1 0  24 0. 1 00 30.0 

Cal l ie  f lay 36 48 0.044 73 .0 Kristensen el ai . ,  1 982. 

( 'a l t k  f l ay  J(l 4X O.OxO 5() ' ( )  M ausel l  a l ld I l vd p f U l ld . ,  I ns .  

S hl'l' p I , I I C e rile c h;t ll 47 24 0.027 X 3 .0 Sr iska ndaraj a h  a nd Kcl laway,  
1 <)82.  

Ca ! ! k  S i l age + COl lee n ! ra ! l!  (17 ] X  0 .04<) 54.2  Erd m a n  e l  01 . ,  1 <)8 7 .  

S hl!ep Dried grass 3(1 24 o . l on X 3 .0 Orskov el ai. ,  I <) X 3 .  
S hcq) Drieu grass 3() 24 0.050 Cl<J .7 
Sheep U a rley 36 24 0.050 58.7 
Ca l l ie Dried grass 36 24 0. 1 00 78.4 

Cattle S i lage + concentrate 67 46 0.050 36.5 Erdman and Vandersal l ,  1 983.  

Cattle Hay 20 1 5  0.070 46.0 Hennessy et al., 1983 .  

Sheep Hay 53 24 0.050 60.5 Cronje, 1 983 .  

Cattle Hay + concentrate 25 48 0.050 63.0 DePeters and B ath, 1986. 

Cattle Hay + concentrate 50-70 72 0.083 7 l . l Zerbini and Polan, 1985. ..... 

0'\ 0'\ 



Cattle Hay + concentrate (20:80) 50-75 24 0.060 62.4 Barrio et a/. , 1 986. 
Cattle Hay + concentrate (20:80) 50-75 24 0.030 52. 1 
Callie Hay + concentrate (60:40) 50-75 24 0.060 59.8 
Cattle I lay + concentrate (60:40) 50-75 24 0.030 48.7 

Cattle Hay + concentrate 48 24 39.0 Zinn et a/. , 1 98 1 .  
Callie Hay + concentrate 48 24 76.0 

Cattle Hay + concentrate 25-75 20 45 .8  Goetsch and Owens, 1985 .  
Cattle Hay + concentrate 25-75 20 47 .9 

Sheep Grass (poor quality) 43 24 93.0 S iddons and Paradine, 1 983 .  
Sheep Grass + barley 43 24 90.0 
Sheep Grass (good quality) 43 24 92.0 
Sheep Grass + barley 43 24 86.0 
Cattle Grass (poor quali ty) 43 24 89.0 
Ca ttle Grass + barley 43 24 iD.O 
Callie G rass ( good quality) 43 24 86.0 
Cattle G rass + barley 43 24 82.0 

I I I  vivo Cattle 39.0 Zinn el af., 1 98 1 . 

Ca ttle 54.0 Zinn and Owens, 1983 .  

Ca t tle 53 .0 Madsen and Hvelplund, 1 985. 

( ; roli l ld l l ll t  mca l C a U l c  Trc:'l tcd st raw + 4 1  48 O' ()46 66.8 The present study 
collecn t ra I.c 

, 

Sheep Barley 1 5  24 0.030 82.0 Ganev et af. , 1979. 
Sheep B arley 1 5  24 0.067 72.0 
S heep Dried grass 1 5  24 0.046 75.0 
S heep Dried grass 1 5  24 0.060 70.0 

....... 

0\ -..J 



Cattle Hay + concentrate 52 24 0.040 79.6 Stern and Satter, 1 984 
Cattle Hay + concentrate 52 24 0.040 76.4 
Cattle Hay + concentrate 52 24 0.040 73.6 

S heep Hay 53 24 0.050 93.2 Cronje, 1 983 .  

Sheep Dried grass 36 24 0. 1 00 96. 1 Orskov et al., 1 983 .  
Sheep Dried grass 36 24 0.050 68.9 
S heep Barley 36 24 0.050 56.8 
Cattle Dried grass 36 24 0. 1 00 93.6 

S heep Hay 43 48 0.038 67.0 S iddons et al. , 1 985 .  

S heep G ra s s  (poor q ua l i ty )  43 24 93.0 S iddons and Paradine. 1 983 .  
S heep G rass  + barley 43 24 7 8 .0 
S heep ( i ra s s  ( good q ua l i t y )  4 3  24 Xl) .O 
S heep ( i r: l s s  I· har ley 113 24 5 3 .0 
C:l l l ie ( i ra s s  ( poor q u : l l i t y )  11 .\ 24 X() .O 
<. 'a t l le ( i  rass  + ba rlcy 4 3  24 ()) .O 
Ca l l ie <. i ra ss ( good q u : 1 I  i I y )  4 3  24 70.0 
Ca l l ie C. i ra s s  + b a rlcy 4 3  24 54.0 

III  I 'i \ '( )  Cal l ie 63.0 Hume, 1974. 

Ca l l le 83 .9 S tern and Satter, 1 984. 

S heep 76.0 S iddons et al. , 1985.  

Maize Catt le  Treated straw + 4 J  48 0.046 49.7 The present s tudy 
concentrate 

S heep Hay 53  24 0.050 64.2 Cronje, 1983 .  

...... 

0\ (Xl 



Cattle S ilage + concentrate 67 46 0.050 70.3 Erdman and Vandersall ,  1983 .  

Sheep Concentrate 55 1 2  0.033 60.8 Meyer et al. , 1 986. 

Cattle S ilage + concentrate 67 28 0.044 61 .4 Erdman et al., 1 987. 

Cattle Hay + concentrate (20:80) 50-75 24 0.06 5 1 .8 Barrio et aI. , 1986. 
Cattle Hay + concentrate (20:80) 50-75 24 0.03 45.6 
Cattle Hay + concentrate (60:40) 50-75 24 0.06 49.5 
Cattle Hay + concentrate (60:40) 50-75 24 0.03 42. 1 

Ca tt le Hay + concentrate 50-70 72 0.070 69.4 Zerbini and Polan . ,  1 985 .  

Ca t t le I l ay )() 4X  O.OXO ) 1 .0 M adse n a nd Hvelp lu l ld . ,  1 9X5 .  

S heep I lay  4X  20 :'1 ) .0 Ors kov anu M e h rcz, 1 97 7 .  

S heep Conce n t rate 4X 36 :'1 3 . 6  Mehrez and Orskov, 1 97 7 .  

Cattle Roughage + concen trate 1 0  24 60.4 Fors ter el at. ,  1 98 3 .  

I I I  I ' iv(} Cattle 35 .0 Zinn and Owens,  1 983 .  

Pa l m  mea l Cat t le T reated straw + 4 1  48 0.046 68.5 The present study 
concent rate 

Ca t t le Hay 36 48 0.080 34.0 Madsen and Hvelplund, 1985 .  

Corn meal Catt le  T reated straw + 4 1  48 0.046 68.0 The present study 
concen h'ate 

Cattle S i lage + concentrate 67 46 0.050 70.0 Erdman and Vandersall ,  1983.  

Values with no rate constants for rumen turnover of concentrate (k) are referred as 'potential degradabili ty ' ,  whereas values with rate constants (k) ..... 
are referred as 'effective degradabi lity' (See Orskov and Mehrez, 1977), and in vivo values indicated. 0'1 \0 



CHAPTER 7 

A STUDY OF THE EFFECT OF THE DEG R A D A B I L ITY O F  PROTEI N  

IN CONCENTRATE SUPPLEM ENTS F O R  SH EEP FED O N  

LOW QUALITY ROUG H A G E  UNDER M I LD O R  H O T  CONDITIONS 
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7.1  INTRODUCTION AND OBJ ECTIVES 

The mai n  l imitations to the use of forage i n  the tropics are its extremely low protein  

content,digestibi lity and intake (Hamil ton el ai. , 1 970; Minson, 1 980). Ruminants fed 

solely on low qua l i ty roughage have a marked defic iency of rumen fermentable 

n itrogen which i s  one of the reasons for reduced feed i n take (Campling et al. , 1 962),  

due to a reduced rate of microbial activity in the rumen. In Chapter 4, i t  was shown 

that a h ig her animal perform ance ( m i l k  and l i veweight  gain)  was associated with 

i n termediate ratios of rumen degradable prote i n  to metabol i sable energy in take 

(RDP/ME, about 8.5 gRDP/MJME). The effic iency of use of 'estimated' ME appeared 

higher but the mechanism i nvolved was not c lear from the parameters measured. For 

example the digestibi l i ty of the ration rather than the efficiency of ME utilisation per 

se may have differed, because ME i ntakes were estimated from in vitro determinations 

of digestibi l i ty. 

Supplying rumen degradable protein (often from urea) in the concentrate to maintain 

moderate levels of ammonia concentration in the rumen ( 1 50-200 m gNH3-N/litre; 

Leng and Nolan , 1 984) should i ncrease the rate and extent of digestion, and hence 

optim i se i n take, and i ncrease m icrobia l  pro te in  yie ld re lat ive to volatile fatty acid 

production (Preston and Leng, 1 987) .  

In  addition to poor qual i ty forages ,  rum i nants  i n  the u'opics may be subject to  high 

temperatures which can reduce production (Preston and Leng, 1 987). Farm animals are 

homeothermic animals and they attempt to mai nta i n  a constant deep body temperature 

of approxim ately  37°C.  Heat stress affect s an an imal ' s  metaboli sm by caus ing a 

reduction i n  food in take (O ' Kel ly ,  1 988) .  Depressed appetite i s  l i nked with many 

physiological  and endocri nolog ica l  adj u s tments to reduce heat generated during 

rumina1 fermentation and body metabol i sm . Reduced food consumption during heat 

stress may also be associated wi th defic iencies of essent ial  nutrients .  In addition, 

animals exposed to h igh temperature (eg. 32°C) showed increased body temperature, 

urinary n itrogen loss and fat excretion i n  the faeces (O' Kelly, 1 988) .  
� . -� --..... 
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The present experiment examined the effect  of feeding concentrates which differed in  

protein degradabil i ty (by i nclusion of urea) to sheep fed on low qual i ty hay under 

' mild' and ' hot ' conditions .  This experiment tried to determine the optimum level of 

urea (0,  1 and 2 % )  in concen trates at two env i romenta l  temperatures and the 

interaction between protein degradabil ity and temperature by measuring the effects on:  

1 .  Voluntary food intake. 

2. Digestibi li ty of total ration (in vivo) .  

3 .  N itrogen balance. 

4. Rumen pH, rumen ammonia concentrat ion and VFA production in the rumen. 

5. Feed degradation in  the rumen .  

7.2 MATERIALS AND M ET H ODS 

7.2. 1 ANI MALS AND T R EA T M ENTS 

Initially, 8 rumen-fistulated sheep fed on hay and concentrates were randomly assigned 

i nto two blocks of a 4 x 4 Lat in Square Des ign  with 4 sheep and 4 levels  of urea 

inc lusion i n  the concen trates . However, two sheep (on the 3% ure a  concentrate) 

became sick after one month of the  experiment  and the treatments were re-arranged 

into two b locks of a 3 x 3 Latin Square Design , one for a high temperature and another 

for a mi ld temperature . The experi men t  was t hen  re- started with the treatments as 

fol lows: 

Ambient TemQerature 
1 3- 1 8°C 

Mi ld 

Sheep No. 2 

Period 1 0% 1 %  
Period 2 1 %  2% 
Period 3 2% 0% 

% urea in the concentrates 
Each period lasted 20 days 

29-32°C 

Hot 

3 4 5 

2% 2% 0% 
0% 0% 1 %  

1 %  1 %  2% 

6 

1 %  

2% 

0% 
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7.2.2 ANIMALS AND MANAGEM ENT OF TH EIR FEEDING 

Adjustment period 

Before the s tart of the experiment, an imals  were housed individual ly in metabolic 

crates, under natural ambient conditions of temperature ( 1 3 - l 8°C, 80%RH) .  Chaffed 

meadow hay which was s imi lar in  nu tr i t ive val ue to pastures commonly used i n  

Thai land (9- 1 1 % CP, 50-60% DMD; Chapter 4)  was fed in  increasing quantities unti l  

maximum intake was obtained and maintained. A m ixture of equal proportions of  the 3 

concentrates was a lso fed in  increasing quant i ties unt i l  each sheep ate the required 

amount of 300 gDM concentrate/day which together with the expected intake of 900 

gDM hay gave a ratio of concen trate to hay of 1 : 3 as i n  the previous experiment 

(Chapter 4) .  

After two weeks of the adju stment  period, one group of sheep was moved in to a 

controlled temperature room which was controlled at approximately 32°C whereas the 

ambient temperature group was kept at 1 3  to 1 8°C. The feeding of concentrates and 

hay were continued throughout the experiment of 60 days. Measurements were made 

over the last 1 0  days of each 20 day-period . 

One batch of meadow hay was purchased in  bulk ,  to cover the feeding requirements 

throughout the experimental period, and to avoid any fluctuations in the chemical 

composition of the diet. The hay was chaffed through a chaff-cutter, and reduced to 

40-80 mm length . 

The 3 concentrates contained approx imately 25 10 CP in  order that the total ration 

(concentrate plus hay) would have a crude protein percentage close to 1 5%, similar to 

the level recommended for dairy cows in Thai land ( N RC, 1 985) .  
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The 3 types of  concentrates used were mixed separately a s  the fol lowing fonnulation. 

Table 7.2 .1  The individual component of t he three concentrates. 

Concentrates 

Component 0% urea 1 % urea 2% urea 

Brewers ' grain 50 50 50 

Soyabean meal 25  1 5  5 

Barley meal 1 0  1 4  1 8  

Maize meal 1 0  1 5  20 

Molasses 5 5 5 

Urea 0 2 

7.2.4 MEASUREMENTS 

7.2.4. 1 Voluntary Food Intake 

All sheep were offered the hay ad Libilum throughout the experiment, and concentrates 

were fed at 300 gDM/sheep dai ly ,  divided i nto two equal meals. The concentrates and 

hay were fed twice dai ly at 0700 and 1 600 h. The sheep were al lowed access to the 

concentrates for 30 m inu tes at each feed ing t ime .  The refused concentrates were 

weighed and dried. The first 10 days of each period were used as the adaptation period. 

Voluntary food in take (VFI)  was recorded over the next 10 days .  Representative 

samples of the feed offered were taken dai ly, and OM determined on duplicate 100 g 

samples in a forced draught oven at 80aC for 36 hours .  Two further 100 g samples 

were taken dai ly,  and pooled separate ly at -20ac. They were subsequently used for 

laboratory analysis . 



1 74 

7.2.4.2 Digestibi l i ty Trial 

During the 1 0  day digestibil ity trial (the final 1 0  days of each period), the weights of 

oven dried feed offered, feed refu als and faecal outputs were recorded. The refusals 

for each animal were col lected dai ly ,  weighed and pooled for two 5-day periods and 

stored at 4°C, and the D M  was determ ined after the 5-day period. The faeces from 

each animal were bulked for each of two 5-day periods and kept at -20°e. At  the end 

of each period, the faeces were allowed to thaw and were mixed thoroughly. Two 1000 

g subsamples were taken for DM determ ination i n  a forced draught oven at 80°C until 

constant weight had been attained (approximately 72 hours). 

The subsamples of feed offered, total feed refusals per animal and total faecal output 

per animal were bulked over the 5-day period and stored at -20°C, and subsequently 

freeze-dried, ground and stored for chemical analys i  . 

Urine was collected from each an imal  over the two 5-day digestibi l ity trials .  I t  was 

collected in 1 00 ml  of 25% (v/v) sulphuric ac id. The pH of the urine was kept below 3, 

to prevent any loss of ammonia. The urine from each animal was bulked over two 5-

day periods, and stored at -20°C for subseq uent total determination (Kjeltec Auto 

1 030 Analyser) . 

7.2.4.3 Feed Degradation R a t es 

Sam ples of each type of concentrate and hay were taken and later analysed for dry 

matter (DM), total fiber, and total n i trogen .  

The rate o f  degradation o f  the feeds ( O M  a n d  prote i n )  was assessed by use of the 

Nylon Bag Technique (Orskov and McDonald, 1 979)  and as previously been described 

in Chapter 6 of this thesi s. One hundred and twe nry six nylon bags ( 10  x 1 4  cm, 47 

11m,  Estal Mono, Switzerland) each contai n i ng  approximately 5 gm of ground (3 mm 

s ieve) feed samples of one of three types of concentrates or hay (24 bags per type of 

concentrates and 54 bags of hay) were prepared. Four bags per type of concentrates 
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and  3 bags of  hay  were suspended i n  the ru men of  s ix  fistulated sheep (7 bags per 

sheep in total) in each period (3 periods). One bag of concentrate was withdrawn from 

the rumen at 2 ,  6, 1 2  and 24 hour and one bag of hay at 1 2 , 24 and 48 hour after 

incubation as shown in Table 7 .2 .2 .  Detai l s  of the bags in the rumen of experimental 

sheep are presented in Table 7 .2 .3 .  

Table 7.2.2 Time of withdrawal of the bags containing concentrate or hay. 

Type of sample: 

Concentrate 

Hay 

Hour of withdrawal 

2 , 6, 1 2 , and 24 

1 2 , 24, and 48 

After withdrawal, samples were washed i n  ru n n i n g  water unti l  the water ran c lear. 

They were then freeze-dried and subjected to dry matter (DM),  and total nitrogen 

analyses. 

7.2.4.4 Rumen Fluid 

7.2.4.4. 1 Collection of samples 

Rumen fluid samples were taken through a rumen ampler (a tube with gauze on end) 

inserted through the fistula. The sam pies were taken on day 7 during  the digestibil i ty 

trial (on day 1 7  of each 20-day period) at 0 (before concentrate feeding) , 3, 5 ,  and 

7 hours after the feeding of concentrates in t he morning (at 0800am). 



Table 7.2.3 Details of nylon bags suspended in the rumen of sheep in feed degradation trial. 

Temperature Conditions 

1 3- 1 8°C 28-32°C 

Sheep No. 

2 3 4 5 6 

Period 1 4 bags 0% urea  4 bags 1 % urea 4 bags 2% urea 4 bags 2% urea 4 bags 0% urea 4 bags 1 % urea 

3 bags of hay 3 bags of hay 3 bags of h ay 3 bags of hay 3 bags of hay 3 bags of h ay 

Period 2 4 bags 1 % urea 4 bags 2% urea 4 bags 0% urea 4 bags 0% ure a  4 bags 1 % urea 4 bags 2% urea 

3 bags of hay 3 bags of hay 3 bags of hay 3 bags of hay 3 bags of hay 3 bags of hay 

Period 3 4 bags 2% urea 4 bags 0% urea 4 bags 1 % u rea 4 bags 1 % u rea  4 bags 2% urea 4 bags 0% urea 

3 bags of hay 3 bags of hay 3 bags of hay 3 bags of hay 3 bags of hay 3 bags of hay 
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7.2.4.4.2 Ammonia concentration 

The samples of rumen fluid (20 ml  each) were added to 5 ml of deproteinising reagent 

( 1 M  sulphuric acid, saturated with magnesium sulphate), centrifuged at 1 895 g for 1 5  

minutes, and stored at -20°C unti l  analysis by the Kjeldahl method (Kjeltec Auto 1 030 

Analyser) . 

7.2.4.4.3 pH 

The pH of rumen fluids were measured immediately on fresh samples by a pH meter 

(PH M6 1 ,  Laboratory pH Meter, Radiometer, Copenhagen) ,  after calibration with pH 

7 .0 and pH 4.0 buffers . 

7.2.4.4.4 Volati le fat ty acids 

Duplicate samples (5 ml) were added to I ml  of protein  prec ipitant (metaphosphoric 

acid/formic acid: 1 8 .75% w/v / 25% v/v). One m l  of the internal  standard (isocaproic 

acid :  0 .52% v/v) was added to one sam ple ( i n ternal standard sample), and 1 ml of 

dis t i l led water was added to the other sam ple (con trol sample). Both samples were 

centri fuged at 1 895  g for 1 5  m i n u tes  and  s to red  a t  - 20oe u n ti l  ana lys i s .  The 

concentrations of individual VFAs were measured by Gas Chromatoghraphy (HRGC-

5 300 Mega Senes, Carto Erba I n strument s) .  
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7.2.5 STATISTICAL ANALYS IS 

All data were analysed using the S tatistic Analysis System (SAS) computing package 

(SAS Institute Inc. ,  Cary, NC 275 1 2-8000, USA .  1 985 ,86,87). 

The s tati st ical model u sed to defined the mean values is g iven in  Appendix 4.4. 

Variables were analysed for effects of temperature, urea, period, sheep and temperature 

x urea interaction. Temperatures were tested against sheep within temperatures. Urea, 

period, sheep and interaction were tested against residual mean squares. 

Those parameters, rumen pH, ammon ia concen tra t ion and volat i le  fatty acids ,  

measured in  t ime series were also anal ysed us i ng  repeated measurement analysis 

described in  Appendix 4 .5 .  

As the number of animals used in  the present study was smal l ,  a s ignificant level of 

90% confidence (p<O. lO) was used where appropriate. 

7.3 RESULTS 

7.3 . 1  ENV IRONMENT AND BODY TEMPERATURE 

Environmental conditions inc luding am bient temperatures and re lative humidities 

during  the experimental period are i l l ustrated in Figure 7 . 1 .  Mean values for rectal 

temperature and respiration rate of the sheep held in both environmental conditions are 

show n i n  Table 7 . 3 . 1 .  S heep he ld  i n  hot temperat ure had h igher values for rectal 

temperature (p<0 . 0 1 )  and  re s p i ra t i on ra te  ( p<O .OO I )  than  sheep held i n  m ild 

temperature. 
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Table 7.3.1  Rectal temperature and respirat ion rate of sheep held at mild and 

hot environment .  

Days 0- 1 0  1 1 -20 2 1 -30 3 1 -40 4 1 -50 50-60 MEAN 

RECTAL TEMPE R ATURE (0C) 

Mi ld 
S heep 1 38 .7 38 .8  38 .8  38 .8  38 .8  38 .6 38 .7 
S heep 2 38 .3  38 .6  38 .5  38 .6 38 .5 38 .8 38 .5  
S heep 3 38 .4 38 .5  38 .7  38.6 38 .8  39.0 38.7 

Mean 38 .5  38 .6  38 .7  38 .7  38 . 7 38 .8  38.7 

Hot 
S heep 4 39.5 39.5 39.7 39.4 39.3 39.4 39.5 
Sheep 5 39.5 39.2 39.3 39. 2 39.0 39.3 39.3 
S heep 6 39.8 39.5 39.3  40.0 39.5 40.0 39.7 

Mean 39.6 39.4 39.4 39 . 5  39 . 3  39.6 39.5 

SEM 0 .3  
Significance Level * *  

R ES PIRATION RATE (per m i nute) 

Mild 
S heep 1 48 50 46 48 50 50 49 
S heep 2 42 42 42 42 46 44 43 
S heep 3 42 46 48 50 48 46 47 

Mean 44 46 45 47 48 47 46 

Hot 
S heep 4 104 106 1 1 0 1 06 104 108 1 06 
S heep 5 1 1 6 1 08 1 08 1 08 106 1 08 1 09 
S heep 6 1 20 1 1 6 1 1 0 1 20 1 1 4 1 1 8 1 1 6 

Mean 1 1 3 1 1 0 1 09 1 1 1  1 08 1 1  1 1 10 

SEM 8 
Significance Level * * *  



7.3.2 CHEMICAL ANA LYSIS OF THE FEEDS 

Chemical analyses of the feeds used in  the present study are given in Table 7 .3 .2 .  

Table 7.3.2 The chemical composition of the concentrates and hay. 

Concentrate 0% urea 1 % urea 2% urea 

Dry matter (%) 88 . 1 88.6 88 .2 

Crude protein (%) 26.9 26.3 24. 1 

In vitro 

Dry matter digestib i li ty (%) 74 . 7  75 .9 75 .2 

Organic matter digestib i lity (%) 79 . 1 80.5 79.8  

D igestible organic matter i n  the dry m atter ( % )  72 .9  74.9 74.7 

Estimated metabolisable energy (MJ/kgDM ) 1 /  1 1 .  7 1 2 .0  1 1 .9 

Cel lulose (%) 8.7 7 .9 7 . 7  

Hemicel lulose (%) 23 .4 23 .8  23 .7  
Lignin (%)  1 .4 1 .5 1 .4 
Ash (%) 5 .9 4 .6 3 .9 

Hay period I period 2 period 3 

Dry matter (%)  86.6 87.0 86.7 
Crude protein  (%) 8.9 7 . 3  8 .9 

In vitro 

Dry matter digestibil ity (%) 5 2 . 1 49 . 3  50. 1 

Organic matter digestib i l i ty (%) 54. 3 5 1 . 3 52.4 

Digestible organic matter i n  the dry m arter ( % )  49.9 47 .5  48.4 

Estimated metabolisable energy (MJ/kgDM ) 1/ 8 . 0  7 .6  7 . 7  

Cellulose ( % )  34 .3  37 .2 34.9 
Hemicellulose (%) 30. 1 33 .2  32 .3  
Lignin (%) 4.5  4.5 4.9 

Ash (%) 6 .8  6.0 6.2 

1/ Estimated ME = 0. 1 6DOMD (MA FF, 1 97 5 ) .  

1 8 1  
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7.3.3 VOLUNTARY FOO D  INTAKE 

The terms ' temperature' and ' urea'  wil l  be used throughout th is  chapter to denote the 

two respectively temperature condition s and the three levels of urea addition to the 

concentrate. 

The mean values of hay dry matter intake and water i n take are presented in Table 

7 . 3 . 3 .  These s howed that h i gh  tem peratu re condit ion s depressed hay DM intake 

(p<O . lO) . The 1 % i nc l u s ion of urea had no s ign ificant effect on h ay DM in take 

whereas 2% urea caused a significant (p<O.OS ) reduction .  

Neither ' temperature ' nor ' u rea '  had s ign ificant effects on  concentrate DM intake 

(p>0. 1 0) .  The 2% urea concen trate depressed total OM consumption (p<0.05) whereas 

1 % urea concentrate had no sign ificant effect .  

In contrast to hay DM i ntake, water i n take Cm l/kgOM eaten ) was increased by high 

temperature condit ion s .  S heep in the h igh  tem perature condi t ions drank 30% more 

water than those held at mild am bient tem perature . 

The addition of 2% urea reduced water i n take ( p<O. l O ), however, this effect m ight 

have been caused by the reduced hay OM intake. There were no statistical significant 

interactions between ' temperature ' and ' urea '  al though the ' apparent '  in teractions were 

evident in  in takes of hay DM,  total OM and water. 
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Table 7.3.3 Mean values for hay dry matter intake, concentrate dry matter 

i n ta ke,  total  dry ma t ter i n t a k e  ( g D M/day) a n d  water i ntake 

(ml/kgDM eaten) under mild and hot conditions. 

Significant Effect 
Mi ld Hot 

Temperature U rea Period Sheep Temperature 

and Urea 
Interaction 

Hay D M  intake 
0% urea 584 588 a 

1 % urea 569 4 1 6  ab 
2% urea 509 408 b 

560 47 1 p<O. I O  p<0.05 NS NS NS  

Concentrate DM intake 
0% urea 302 302 
1 % urea 302 303 
2% urea 302 292 

302 299 N S  N S  S NS NS 

Total DM intake 
0% urea 886 890 a 
1 % urea 87 1 7 1 9  ab 
2% urea 8 1 1 700 b 

862 770 N S  p<0.05 S p<O. l O  NS  

Water intake 
0% urea 4226 6 1 2 1  
1 % urea 4428 5726 
2% urea 3365 5572 

4006 5806 p<O.05 S NS NS NS  

a,  b (Urea) shows different le t ters are s ign i ficant  d iffere nce. 
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7.3.4 DIGESTIBILITY 

The effects of ' urea' and ' temperature ' on in vivo digestib i l it ies of dry matter and 

crude protein  are presented in Table 7 .3 .4. Al though the results showed that there was 

no significant effect of ' temperature '  or ' urea'  on total DM digestibi lity, there was a 

suggestion that the addition of 1 % urea had a favourable effect at both temperatures. 

Neither ' temperature ' nor ' urea' had a s ign ificant effect on crude protein digestib i lity 

(p>0. 1 0) .  

Table 7.3.4 Mean va lues for ill vivo digest i bi l i t ies ( % )  of total  DM and crude 

protein under mi ld  and hoI" condi t ions. 

Sign ificant Effect 

Mild Hot 

Temperatu re U rea Period Sheep Temperature 

and Urea 

I n  teraction 

D M  digestibil ity 

0% urea 60.4 60.0 

1 % urea 63.5 6 1 .7 

2% urea 6 1 .2 60.6 

6 1 . 8 60.8  NS NS NS N S  NS 

Crude protein digest ibi l i ty 

0% urea 66.8 67 . 5  

1 % urea 68.7 70.6 

2% urea 68. 1 67.6 

67 . 8  68 .6  S S S NS NS 
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7.3.5 NITRO G EN BALANCE 

The mean values for nitrogen intake, faecal N los , urinary N loss and N retention (by 

difference) are given in Table 7 . 3 . 5 .  The mean values for nitrogen intake at high and 

mi ld temperatures were s imi lar. However, the 2% urea sheep had a lower value for 

nitrogen intake than the 0% urea sheep, due to their lower intake of hay. 

Ne ither ' temperature ' nor ' urea '  had s i g n i fican t  e ffec t s  on  faecal , urinary nitrogen 

losses or n itrogen retention . 

A lthough there were no significant differences i n  urinary loss between the sheep in  

the different treatment groups there was a tende ncy for the sheep receiving 2% urea at 

the high temperature to have h igher val L Ies than those at the low temperature. 

7.3.6 RUMEN FLUIDS 

7.3.6. 1 pH 

The mean values for rumen pH at variou. t imes of sampl ing as affected by ' urea' and 

' temperature ' are presented in Table 7 . 3 .6 and none of the differences was significant. 

There was however a tendency for lower pH values to be associated with sheep held at 

the higher temperature. The variat ions of rumen pH between 'temperature ' and ' urea' 

at various times of measurements are i l l ustrated in Figure 7 . 2 .  
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Table 7.3.5 Mean values for total nitrogen ( N )  intake, faecal N loss, u rinary N 

loss, N retention and ratio of N retention/N intake under mild and 

hot conditions. 

S ignificant Effect 

Mild Hot 
Temperature U rea Period Sheep Temperature 

and Urea 
Interaction 

Nitrogen Intake (gN/day) 

0% urea 20.6 20.6 a 
1 % urea 20.3 1 8 .6 ab 
2% urea 1 7 .9 1 6. 8  b 

1 9 . 8  1 8 .7  NS  p<0.05 p<O.05 N S  N S  

Faecal N loss (mgN/gN intake ) 
0% urea 332  325 

1 %  urea 3 1 2  294 
2% urea 3 1 9  324 

32 1 3 1 4  N S  S NS N S  N S  

Urinary N loss (mgN/gN intake ) 
0% urea 335 290 
1 % urea 348 347 
2% urea 333  354 

340 330 I S  NS  N S  N S  N S  

Nitrogen Retention (mgN/gN intake) 

0% urea 333  386 
1 % urea 339 359 
2% urea 348 322 

339 356 N S  N S  N S  N S  N S  

a, b as in  Table 7 . 3 . 3 .  
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Table 7.3.6 Mean values for rumen pH under mild and hot conditions. 

S ignificant Effect 

Mild Hot 

Temperature U rea Period Sheep Temperature 

and Urea 

Interaction 

Hour 0 (Before concentrate feeding)  
0% urea 6 .47 6.28 
1 % urea 6 .33 6.28 
2% urea 6.5 3 6.42 

6.43 6 .34 N S  N S  N S  N S  NS 

Hour 3 
0% urea 6.08 5 .87 
1 % urea 6.09 5 .99 
2% urea 6. 1 4  6.07 

6. 1 0  5 .98 N S  S NS NS NS  

Hour S 
0% urea 6 .2 1 5 .98 
1 % urea 6. 1 0  6. 1 2  
2% urea 6 . 1 8  6. 1 0  

6. 1 6  6.07 N S  N S  p<0.05 N S  NS  

Hour 7 
0% urea 6 .24 6.05 
1 % urea 6. 1 7  6. 1 6  
2% urea 6 .32 6 .20 

6.23 6. 1 4  N S  N S  p<0.05 p<0.05 NS 

Hour O-Hour 7 (means) 
0% urea 6 .25 6.04 
1 % urea 6. l 7  6 . 1 7  
2% urea 6.29 6 . l 8  

6 .23 6. 1 3  S p<O. l 0 N S  NS  
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7.3.6.2 Ammonia  Concentration 

The values for ammonia concentration in the rumen liquor are presented in Table 7.3 .7 

and were similar at  differen t  temperatures and for different urea additions. However, 

surprisingly, the sheep fed 2% urea i n  concentrates tended to have the lowest values of 

ammonia concentration i n  the rumen and this is due to the association with lower N 

i ntake. The tendency of lower rumen am monia concentration  i n  sheep  fed 2 %  

concentrate than 0 %  and 1 % concen trates would not be expected soon after feeding, 

however, the present study did not measure rumen ammonia concentration at 1 and 2 

hours after feeding .  The variat ions  of rumen am mon ia  concentration between 

' temperature ' and ' urea' at various t imes of measurements are il lustrated in Figure 7 .3 .  
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Table 7.3.7 Mean values for ammonia concentration (mgNH3-Nll i tre) under 

mild and hot condit ions. 

Significant Effect 

Mild Hot 

Tern perature U rea Period Sheep Temperature 

and Urea 

In teraction 

Hour 0 (Before concentrate feeding ) 
0% urea 9 1 .7 1 2 1 . 1  
1 %  urea 1 25 .7  1 39.9 
2% urea 107 .6  1 1 2 .2 

108 .4  1 24 .4 S NS p<0.05 N S  N S  

Hour 3 
0% urea 1 8 1 .5 1 72 . 1 
1 % urea 1 52 .2  1 70.7 
2% urea 1 66.5 1 59 .9 

1 66 .7 1 67 .6  S NS N S  N S  N S  

Hour S 
0% urea 1 5 8 .4 1 47 . 1 
1 % urea 1 1 l .9 1 25 .4 
2% urea 104.7 1 40.0 

1 27 .5  1 37 .5  N S  S N S  N S  

Hour 7 
0% urea 1 45 .5  1 2 1 .4 
1 % urea 1 29.0 1 2 1 .0 
2% urea 86.7 104.7 

1 24 .6 1 1 5 . 7  NS NS NS NS NS 

Hour O-Hour 7 (means )  
0% urea 1 58 .5 1 40.4 
1 % urea 1 29.7 1 39.2 
2% urea 1 1 6.4 1 29.2 

1 37 . 2  1 36 .3  S N S  N S  NS NS 
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Figure 7.3 Mean rumen ammonia concentration (mgN/litre) at various measuring 

times after concentrate feedi n g  of sheep fed different concentrates 

under mild (solid l ines) and hot (dashed l ines) ambient temperatures 

(0, *, x as i n  Figure 7.2).  
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7.3.6.3 Volat i le Fatty Acids 

Mean values for total volatile fatty acids (m M/I) ,  and for the molar proportions of 

acetate, propionate and N-butyrate are shown in  Tables 7 .3 .8 ,  7 .3 .9 ,  7 .3 . 10  and 7 .3 . 1 1 

respectively. These showed that the total Y FA concentrations averaged over the day 

were s imi l ar (p>O. l O) for the different ' tem perature ' and ' urea ' .  However, the total 

YFA concentration was s ignificantly reduced by high temperature at 3, 5 and 7 hours 

after feedi n g. The total Y F A  concen trat ion was a l so  s i gn i fi cant ly reduced with 

i ncreasi ng  urea addition (espec ia l ly  at the high temperature) at 3 and 5 hours after 

feeding. 

The molar proportions of acetic ac ids were also s im i l ar for both temperatures and 

different urea additions at h 0, 3 and 7. For the 5 h sample the addition of urea caused 

reductions i n  the molar proportion of acetic ac id (p<0.05 ) .  There was also a small  

i n teraction at h 7 between temperature and urea addition (p<0. 1 0) .  Total volatile fatty 

acids tended to be lower when urea was added and i n  as soci ation with lower hay 

i ntake. Hot temperature also tended to reduce total concentration of volati le fatty acids. 

There were effects of period, sheep and in teract ions between temperature and urea 

addition on the molar proportion of propionic acid present .  Thi s  s uggested that there 

was variation across period and between sheep. 

Addition of urea i ncreased the molar proportion of propionic acid significantly at h 5 

after feeding concentrate (p<O.O 1 ) . 

No sign ificant effects of either temperature or urea addition to concentrate on molar 

proportion of N-butyrate were found ( p>O. l 0) .  
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Table 7.3.8 Mean va lues for total volati le fatty acids (mM/I) under mild and 

hot conditions. 

S ignificant Effect 

Mild Hot 

Tem perature U rea Period Sheep Temperature 

and Urea 

Interaction 

Hour 0 (Before concentrate feeding) 
0% urea 7 1 .9 80.0 
1 % urea 86.0 62.2 
2% urea 73 .6  73 .6  

77 .2  7 1 .9 S NS S NS  

Hour 3 
0% urea 1 00.4 95 .8  a 
1 % urea 94.7 7 1 .0 ab 
2% urea 89.6 74.8 b 

94.9 80.5 p<0.05 p<O. l O  NS p<0. 10  NS  

Hour S 
0% urea 97 .8  90. 8  a 
1 % urea 88 . 3  7 1 . 1  ab 
2% urea 8 1 . 3 72.6 b 

89.2 78 .2  p<O. I O  p<O.05 NS p<0. 1 0  N S  

Hour 7 
0% urea 9 1 .5 79. 1 
1 % urea 85 .6 7 1 .6 
2% urea 82.9 75 .2  

86.7 75 . 3  p<O. I O  NS S NS  

Hour O-Hour 7 
0% urea 90.4 86.4 
1 % urea 8 8 .7 69.0 
2% urea 8 1 .9 74. 1 

87 .0 76.5 p<O. I O  S NS  

a ,  b a s  i n  Table 7 . 3 . 3 . 
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Table 7.3.9 Mean values for acetic acid (molar proport ion of total VF A )  under 

mild and hot condit ions. 

S ign ificant Effect 

Mild Hot 

Tern perature U rea Period Sheep Temperature 

and Urea 

Interaction 

Hour 0 (Before concentrate feeding)  
0% urea 69.3  68 .6  
1 % urea 69. 1 66.6 
2% urea 68. 1 69.4 

68 . 8  68 .2  N S  S NS N S  

Hour 3 
0% urea 67.3 65 .0 
1 %  urea 68 . 1 63 .8 
2% urea 63.9 67. 1 

66.5  65 . 3  S N S  p<O. l O  

Hour S 
0% urea 68.5 67.4 a 
1 % urea 66.3 64.3 b 
2% urea 62.7 66.2 b 

65 .8  66.0 I S  p<O. 1 0  S N S  NS  

Hour 7 
0% urea 67 . 1  68 .6 
1 % urea 69.7 65.6 
2% urea 63.4 68.4 

66.7 67 .5  S NS p<0.05 

Hour O-Hour 7 (means) 
0% urea 68 . 1  67.4 
1 % urea 68.3 65 . 1  
2% urea 64.5 67 .8  

67 .0 66. 8  S N S  p<O, l O  

a, b as i n  Table 7 . 3 . 3 .  
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Table 7.3. 1 0  Mean va lues for propionic acid (molar proportion o f  total VFA) 

under mild and hot conditions. 

S ignificant Effect 

Mild Hot 

Temperature U rea Period Sheep Temperature 

and Urea 

Interaction 

Hour 0 (Before concentrate feed ing )  
0% urea 1 5 .8 1 6 . 8  
1 % urea 1 6.0 1 7 .6 
2% urea 1 7 . 5  1 5 .6 

1 6.4 1 6.6  N S p<0.05 N S  N S  

Hour 3 
0% urea 1 8 .2  1 9 .8 
1 % urea 1 8 .5 2 1 .4 
2% urea 2 1 .9 1 7 .6 

1 9 . 5  1 9 .6 NS S p<O. l O  p<0.05 

Hour S 
0% urea 1 7 .7  1 9 .0 b 
1 % urea 1 8 .8 2 1 .0 a 
2% urea 2 1 .2 1 8 .2 a 

1 9. 2  1 9 .4 S p<O.O I NS p<O.O l p<O.O l 

Hour 7 
0% urea 1 7 .9 1 8 .3 
1 % urea 1 7 .0 1 9.9  
2% urea 20.8 1 7 .0 

1 8 .6 1 8 .4 S NS  p<0. 1 0  p<0.05 p<O.O I 

Hour O-Hour 7 (means) 
0% urea 1 7 .7 1 8 .5 
1 % urea 1 7 .6 20.0 
2% urea 20.3 1 7 . 1  

1 8 .4 1 8 .5  S p<0.05 p<O.O I p<O.O l 

a, b as i n  Table 7 . 3 . 3 .  
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Table 7.3. 1 1  Mean values for N-butyric acid (molar proportion of total VFA) 

under mild and hot condit ions. 

Sign ificant Effect 

M ild Hot 

Temperature Urea Period Sheep Temperature 

and Urea 

Interaction 

Hour 0 (Before concentrate feeding)  
0% urea 1 1 . 2  1 0. 8  
1 % urea 1 1 .4 1 2 . 1  
2% urea 1 0.8  1 l .9 

1 1 . 1  1 1 . 6 N S  S NS NS NS 

Hour 3 
0% urea 1 l .4 1 1 .9 
1 % urea 1 0.8 1 2 . 1  
2% urea 1 l . 2  1 2 .4 

1 1 . 1  1 2 . 1  N S  NS p<0. 1 0  N S  NS 

Hour S 
0% urea 1 0.9 ] l .0 
1 % urea 1 l . 8  1 l . 8 
2% urea 1 2. 8  1 2 .7 

1 l . 8  1 1 . 8  N S  N S  N S  NS NS  

Hour 7 
0% urea 1 2 . 1  1 0.6 
1 % urea 1 0.5 1 1 .7 
2% urea 1 1 .6 1 l . 8  

1 1 .4 1 1 . 3  N S  S N S  NS p<O. l O  

Hour O-Hour 7 
0% urea 1 1 .4 1 1 . 1  
1 % urea 1 1 . 1  1 1 .9 
2% urea 1 l .6 1 2 .2 

1 1 .4 1 1 . 7 N S  N S  N S  NS NS 
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R U M E N  D E G R A D A B I L I T Y  O F  D R Y  M A T T E R A N D  

PROTEIN 

The data from the 1 2 , 24 (concen trate and hay) and 48  h (hay) i n cubations were 

analysed by analysis of variance in the  Lat i n  Square to detennine effects of ' urea' and 

' temperature ' on the degradation rates of feed samples .  Thi s  was because the equation 

of Orskov and McDonald ( 1 979)  was not appropri a te due to the smal l  number of 

sample times. 

The mean values for the degradabi l i ty of crude prote i n  i n the concentrates after 1 2  and 

24 h incubation and hay after 1 2 , 24 and 48 h i ncuba tion are presented in  Table 7 .3 . 1 2. 

These showed that the I % and especia l ly  the 2% urea concentrates had higher values 

for protein degradabi l i ty after 1 2  and 24 h incu bation than the 0% urea concentrates. 

The higher degradabilities of crude prote in can be attributed to the high degradabi li ty 

of urea. 

The mean values for degradab i l i ty of crude prot e i n  i n  h ay after 1 2 , 24 and 48 h 

i ncubation were s imi lar for the  sheep fed the three concen trate s . However, for both the 

1 2  and 24 h i ncubat ions ,  the s he e p  h e l d  i n  hot condi t ions  had lower values for 

degradabi l i ty of hay  c r u de prote i n  ( p<0.05 and 0 . 1 0  at  1 2  and 24 h i n cubation 

respectively) but not for 48 h incubat ion ( p>O. I O) .  

The mean values for degradabi l i ty of dry matter in  the concen trates after both 1 2  and 

24 h i ncubations and h ay after 1 2 , 24 and 48 h i nc u bat ions  are presented in Table 

7 . 3 . 1 3 . A dd in g  1 or 2% urea to t h e  concen tra te s did not s i gn i fican t ly al ter the 

degradabi l i ty of the dry matter in the concentrates or the hay. However, the i nitial rate 

of degradabi l i ty ( 1 2  h)  of t h e  concen trate s t ended to be h igher due to urea being  

degraded rapidly, and of h ay lower, for the rat ions conta in ing  urea .  
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Table 7.3. 1 2  Mean values for protei n degradabi l i ty ( % )  i n  concentrates and 

hay under mild and hot condit ions. 

Significant Effect 

Mild Hot 

Tern perature U rea Period Sheep Temperature 

and Urea 

Interaction 

Concentrate 
1 2  h 

0% urea 32.0 30.6 c 
1 % urea 39.0 42.3 b 
2% urea 55 .7 47 .9 a 

40.6 40. 3  S p<O .0 1  p<0.0 1 NS NS 

24 h 
0% urea 52.0 38 .8 c 
1 % urea 50. 1 47 .3  b 
2% urea 59.9 6 1 .2 a 

53 .3  49. 1 S p<O. 1 0  p<0.05 NS NS 

Hay 
1 2  h 

0% urea 37.0 28 .7 
1 % urea 37.0 25 .8 
2% urea 34.0 36.4 

36. 3 30 .3  p<O.05 NS p<O.O l NS NS 

24 h 
0% urea 53 . 1 44.0 
1 % urea 49.3  4 1 . 1  
2% urea 47 .0 49.4 

50. 1 44.8  p<O. I O  NS p<0. 1 0  NS NS 

48 h 
0% urea 63. 1 56.3 
1% urea 56 .3 53 .4 
2% urea 58 .2  58 .0 

59 .3 55 .9  S p<0.05 p<0.05 NS 

a, b ,  c as in Table 7 .3 . 3 .  
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Table 7.3. 13 Mean values for dry matter degradabil i ty ( % )  in  concentrates and 

hay under mild and hot condit ions. 

Significant Effect 

Mild Hot 

Temperature U rea Period Sheep Temperature 

and Urea 

I nteraction 

Concentrate 
1 2  h 

0% urea 42.4 42 .3 
1 % urea 45.5 47 .6 
2% urea 49.0 45.2 

45 .2  45 . 1 N S  N S  p<0.05 N S  NS 

24 h 
0% urea 58 .2  50.9 
1 % urea 58 . 1 54. 1 
2% urea 54.5 57.2 

57 . 3  54.0 N S  N S  p<0. 1 0  N S  NS 

Hay 
1 2  h 

0% urea 27.2 26.0 
1 % urea 25.9 2 1 .0 
2% urea 25.9 23 .9 

26.4 23 .6  S N S  N S  N S  NS 

24 h 
0% urea 37.9 36.5 
1 % urea 37.3 35 .6 
2% urea 35 .6 37.4 

37. 1 36.5 N S  N S  N S  N S  N S  

4 8  h 
0% urea 5 1 .2 5 1 .2 
1 % urea 45.9 49.5 
2% urea 49.4 48 . 2  

48 .8 49.6  N S  N S  N S  N S  N S  
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7.3.8 C ALCULATED SUPPL Y OF NUTRIENTS 

Mean values for intakes of total ME and RDP, and the ratio of RDP/ME under mild 

and hot condition are shown in Table 7 . 3 . 1 4 . Nei ther temperature nor urea had a 

significant effect on the supply of RDP. Tem perature had no effect on ME intake but 

2% urea had a marked effect (p<0.05 ) on ME intake due to the reduction in hay D M  

intake. The ratio of RDP/ME i s  cons iderably higher than that recommended b y  A RC 

( 1 984) i .e. 8 . 1 gRDP/MJME. Temperature had no effect on the ratio of RDP!ME but 

addition of 2% urea significan t ly i ncreased RDP/ME (p<O.O l ) . 

Table 7.3. 14  Mean values for total ME in take (MJ/day) ,  RDP supply (g/day) and 
ratio of RDP/ME (gRDP/MJME) under m ild and hot conditions .  

S ign ificant Effect 
Mi ld Hot 

Tem perature U rea Period Sheep Temperature 
and Urea 

I nteraction 

Total ME intake 1/ 
0% urea 8 . 1 8 . 1 a 
1 % urea 8. 1 6.9 ab 
2% urea 7 .6  6 .7  b 

7 .9 7 .2  N S  p<0.05 S p<O. I O  NS 

RDP supply27 
0% urea 66.0 66.6 
1 % urea 65 . 5  58 .2  
2% urea 67 .7  62.6 

66.2 62.5 N S  S p<0.05 p<O. l O  NS 

RDP/M E 
0% urea 8.2 8 .2 b 
1 % urea 8 .2  8 .5  b 
2% urea 9.0 9 .4 a 

8.4 8 .7  S p<O.O l NS N S  NS 

17 from values reported in Table 7 . 3 . 2 .  
2/ estimated from values for 24 h degradabi l ity of protein  i n  the concentrates and 48 

h degradabi l ity of protein in  the hay (averaged across both temperature; Table 
7 .3 . 1 2) 
a, b as in  Table 7 . 3 . 3 .  
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7.4 DISCUSSION 

The present s tudy was i ntended to exam ine the effects of feeding concentrates of the 

same crude protein percentage but containing protein with different degradabilities (by 

i n c l u s i o n  of u rea)  to s h ee p  fed on low q u al i ty h ay u nder ' m i l d '  and  ' ho t '  

environmental condition s  on  vol untary feed i n take, i n  vivo digestib i l ity of rations, 

n i trogen re ten t ion ,  aspec t s  of d iges t ion i n c l ud i ng  rumen p H ,  rume n  ammonia 

conce n trat ion and vo la t i l e  fa t t y  ac id  p roduc t ion , a n d  rate and ex ten t  of feed 

degradation . 

7.4. 1 EFFECT ON VOLUNTARY O F  FOOD INTAKE 

7.4. 1 . 1  Effect on O M  Intakes o f  Hay,  Concentrate  a n d  Total Feed 

A dding  2% urea to the concen t ra te reduced hay DM in take whi le 1 % urea had no 

s ignificant effect on hay D M  i n take a l t hough t here was a tendency for the hay DM 

i ntake to be  reduced. I n  contrast to  t he  present s tudy, supplementation of  urea to  low 

qual i ty feed suc h as s traw i n c re a s e d  ru m e n  a m m o n i a  concen trat io n ,  i ncreased 

digestibi l ity of straw and thus i ncreased s traw DM i n take in  several previous studies 

(Krebs and Leng, 1 984; Boniface el a L . ,  1 9 86 ;  Perdok el ai. , 1 988 ) .  I n  these trials 

i nvolving the i nfusion of u rea i n to the rumen, concentration of ammonia in  

the rumen increased for on ly  1 or  2 hours ufter once or twice dai ly infusions (Falvey, 

1 982). Preston and Leng ( 1 987)  ci ted the data from Leng (personal observation)  where 

the same quantity of urea ( 1 0  g urea in 24 hours) was given  in 1 ,  2, 4 and 1 0  portions 

or was i nfu sed con t i nuous ly to s heep  fed w he a t  s traw.  Straw i ntake was i ncreased 

l inearly as the frequency of urea feeding i ncre ased and was h ighest with 1 0  times 

feeding  and continuous infu ion .  

I t  is  possible that the lack of any increa · e s  i n  hay DM i n take in the present study was 

due to the infrequent feedi ng of urea conce ntrate s .  Th is  would have caused a brief 

i ncrease i n  rumen ammonia concen t rat ion ,  w i th on l y  a smal l  proportion of extra 
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n i trogen being  taken up by the rumen m icroorganism s  and the res t  was absorbed 

through rumen wall .  This suggestion is supported by the tendency for higher urinary N 

losses in  sheep receiv ing urea concentrate. Because of these events, the hay may be 

digested s lowly (hay DM degradabi l i ties sl ightly lower in sheep fed 1 and 2% urea 

than 0% urea concentrates; Table 7 .3 . 1 3) and thus cause l im ited hay OM i ntake. 

From a 
practical poi n t  of view, i f  urea has to be added to the concentrate , the readi ly  

fermentable sugar e .g .  molasses should also be  inc luded. I n  addition, this concentrate 

should be given qu i te freq uent ly  to the an i mal s .  The use  of m u lt i n utrien t  b locks 

contain ing urea, molasses and bypass prote in ,  which can be offered free access, would 

be more appropriate since they may reduce the labour cost of frequent feeding. 

Once the supplies of fermentable N and sugar are assured, the availability of ami no 

acids i n  the in testing�ed 
to be further cons idered. For many of the feed basal diets that 

wi l l  be used i n  tropical coun trie s ,  the value of bypass protein l ies i n  i ts  effects on 

i ncreasing efficiency of use of absorbed nutrients and on increasing voluntary intake 

(Preston and Leng,  1 987) .  Bypass prote ins , such as cotton seed meal or fish meal, can 

also be i nc luded in the multinutrient blocks together with es sential minerals ,  vitamins 

and possibly antibiotics .  

Nei ther temperature nor urea h ad marked effects on concen trate OM in take in the 

present study as expected. However, the h igher tem perature caused reductions i n  hay 

DM in take. The total DM intake fol lowed the same trend as hay OM intake. Total DM 

intake tended to be h igher at the m i ld tem perature compared to the hot temperature. 

S heep receiving 2% urea concentrate ate less total O M  than those receiving 0% urea 

concen trate. This reflected the lower i n take of hay O M  by the 2% urea concen trate 

group than the 0% urea group.  

At  high temperatures the an imal wi l l  attem pt to reduce heat production by reducing 

food i n take in  order to m ai n ta in  norm al body temperature (Young ,  1 987) .  The 

decrease in food intake at high tem perature can be explained as a result of the need to 

reduce energy intake i n  order to reduce heat production (Weston , 1 982; Young, 1 986, 

1 987 ) .  During  exposure to heat, metabol i s m  is reduced and th is  was fou nd to be 

associated with a reduction i n  thyroid sec retion and an increase in gut fil l  (Fuquay, 

1 98 1 ;  Christopherson and Kennedy, 1 98 3 ;  Chri stopherson , 1 985; Lu,  1 989). 
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In the present study, despite similar in vivo digestibi l i ty, an i ncrease in food i ntake of 

sheep held at the m i ld temperature compared to at the hot temperature could be 

attribu ted  to an i ncrease in rumen vol ume,  rate of passage of digesta or digesta 

turnover, and to the increased energy demand but a decrease in retention time (Baile 

and Forbes ,  1 974; Kennedy et al. , 1 976; Westra and Chri stopherson, 1 976; Weston, 

1 982; Kennedy et al., 1 986; Young, 1986, 1 987) .  Warren et al. ( 1 974) also reported 

that  mean retention t ime i n  the digest ive tract of s teers g iven forage diets was 

i ncreased from 36.6 to 43. 2  h and probably an increase in digestibility of the feed when 

the temperature was increased from 1 8°C to 32°C. 

7.4. 1.2 Effect on Water Intake 

Inc lusion of urea  in the concen trate had no effect on water i ntake (expressed as 

m l/kgDM intake) in  the present study. In contrast ,  water intake was increased by the 

h igh  temperature.  Many experiments  h ave shown increases in water i ntake wi th 

i ncreasi n g  ambient  temperature ( B l ax ter et aI, 1 959;  Moody et al., 1 967) .  Farm 

animals are homeothermic animals and they attempt to maintain a constant deep body 

temperature. When exposed to wann condi t ions, they usually attempt to increase their 

rate of evaporative heat losses, with consequent increases in water requirements at hot 

temperature (McDowell et al. , 1 969; Bhattacharya and Uwayjan, 1975) .  

Rumen metabolism has been reported to be unaffected by increases in  water intake 

(More et ai., 1 983) .  More et al. ( 1 983) recorded no s ignificant differences i n  hay D M  

digestibil i ty (%), faecal and urinmy N losses (mg/gN intake), and N retention (mg/gN 

i ntake) between sheep consumed 3 .2  or 5 .4 m l/kgDM intake daily although urinary N 

losses tended to be h igher in  sheep consumed more water. 
which 



204 

7.4.2 EFFECT ON IN VIVO OM D I G EST I B I L ITY OF TOTAL DIET 

I n  the present study, neither diges tibil itie of O M  nor crude protein were affected by 

' urea '  or ' temperature ' .  Orskov et ai. ( 1 972 )  fed early weaned lambs with concentrates 

contain ing different levels of urea ( from 0 to 2 .2  % )  and observed that there were no 

significant effects on digest ibi l ity of OM and OM but  the apparent digestibili ty of 

crude protein  increased with urea supplementation .  I n  the same report (Orskov et at. , 

1 972) ,  a second experiment fou nd increa ses i n  O M  digestib i l i ty by supplementation 

b u t  t h e  D M  d i g e s t i b i l i t y  d id  n o t  c h a n g  s i g n i fi c a n t l y  a the l eve l  of urea 

supplementation was increased. In  the i r  e xperimen t s ,  t he  % crude protein of the diet 

D M  range from 9 .0 (no urea) to 1 6 .4,  a nd the  s i g n i ficant  effect on DM digestibil ity 

was observed only when the h i gher  C P  co nce n tra tion (with urea )  in the diet was 

compared to the control (no ure a ) . When com pari son s were made between the urea 

s upp l emen tat ion ( h i gh  CP  conc e n t ra t i o n ) t h e  d i ffere nce was not  s tati s t ica l ly  

s igni ficant .  The in terpretation of  r h e i r  re s u l t s  was  pro b a b ly  confounded by the 

percentage of CP and urea addi t ion . 

The concentration of crude prote i n  i n  the present  s tudy ranged from 1 4 .2 to 1 5 .9  which 

were in the high range of t hose die t s  u sed by Orskov e [  ai. ( 1 972 ) .  The observed 

similar DM digestibility between t reatmen t  was in agreement with Orskov et at. ( 1 972) 

at the same range of %CP in  the die t s .  I t  could be suggested that the total N rather than 

the high degradabi l ity of protein ( b y  i nc l u s ion of u rea )  was the  important factor to 

determine the ration digestib il i ty . 

Early reports pub l i shed showed a po ' i l i ve re l a t i on s h i p  between env ironmenta l  

temperature and energy digesti b i l i ty i n  s heep  ( G ra h a m  el  at . , 1 959) and in steers 

(B laxter and Wainman,  1 96 1 ) . The e ffec t s  of tem peratu re on digestibil ity were not 

large. Later studies (Christopherson, 1 976; Westra and Christopherson, 1 976; Kennedy 

et ai. , 1 976; Kennedy and M i l l igan,  1 978 :  Warre n el at. ,  1 974; Colditz and Kellaway, 

1 972 ;  Nicholson et ai. , 1 980) h ave confi rm ed tha t  t h e re i s indeed an infl uence of 

environmenta l  temperature on dige s t i b i l  i t y  in sheep and cattle. However, there have 

a l so  been se veral confl ic t ing  repons  and  some of these might be attribu ted to a 

confounding of temperature t reatme nts  wi th  var ia t ions i n  feed intake and the possible 

selective refusal of some diet components  ( B hattacharya and Hus ain, 1 974; Guerrini ,  

1 98 1 )  a l l  of which can introduce variab i l i ty  i n to digest ion experiments. 
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However, those e xperimen ts quoted ofte n involved com pan son between m i ld 

(approximately 20°C) and cold (O°C or below) tem peratures  and animals were fed 

mainly on roughage diets. 

The present study did not observe a difference in digestibi lity e i ther of D M  or crude 

protein i n  sheep between the temperatures of 1 3- 1 8°C and 29-32°C. 

I n  reviewi n g  1 0  experiments (6 w i th sheep and 4 with c att le) ,  Young and Degen 

( 1 98 1 )  reported positive relationsh ip between dige stibil i ty and temperature .  Eight of 

the ten experiments reviewed com pared O°C or be low and mild (approximately 20°C). 

However, two experiments wi th cattle com pared m i ld (20°C) and hot (33 and 40°C) 

and found i nc reases in digestib i l ity wi th  i ncreas i ng  temperature (Al l  data reviewed 

were for roughage-based rations ) .  

A possible reason that a difference in diet d igest ib i l i ty was not observed in  the present 

study between differen t  tem peratures may be that temperature has less effect on the 

digestibi l i ty of concentrates than of roughage. The digestib i l ity of forage diets which 

tend to be fermented slowly appears to be more susceptible to influence by temperature 

induced changes i n  moti l i ty and the rate of passage of digesta (Christopherson and 

Kennedy,  1 9 8 3 ) .  Youn g  and Degen ( 1 9 8 1) observed that there was no effect  of 

ambient temperature ( 1 st experiment 20°C versus 30°C, 2nd experiment O°C versus 

30°C) on digesti bi l i ty when shorn wet hers were gi ye n a pel leted barley-alfalfa diet. 

Kennedy et al. ( 1982) established that temperature had no i n fluence on digestibi l i ty of 

a rapidly fermen ted, a l l -concen trate ( b arley-c anola mea l )  diet i n  wethers. S im il ar 

results have been reported for a mi lk  replacer diet i n  young calves (Wi l l iam and Innes, 

1 9 8 2 )  a n d  for an a l l - c o n c e n tr a t e  d i e t  i n  l am bs  ( M c Br ide ,  1 9 8 2  q uoted b y  

Christopherson and Kennedy, 1 983 ) .  Bhattac harya and Uwayjan ( 1 975)  also did not 

observe differences in digestibi l ities of DM,  CP and energy in  sheep fed 25 :75 ,  50:50 

and 75 :25 hay to concentrate and held at ei ther 2 1 °C or 3 3°C.  
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7.4.3 EFFECT ON N ITROGEN B A LANCE 

Neither temperature nor urea had significant effects on losses of nitrogen in  faeces and 

urine, and on ni trogen retention in the present  s tudy . Unexpectedly , the i nclusion of 

urea had a negative effect on ni trogen in take due to reduced hay D M  in take. As the 

losses of ni trogen (gN/day) in faeces and urine,  and retention of nitrogen all tended to 

be related to nitrogen in take, the resu lts were therefore expressed as mgN/gN intake. 

A lthough there were no statis tical s ignificant difference i n  uri nary N loss between the 

two temperatures, the urinary N loss tended to be h igher at high temperature with 2% 

urea inclusion (354 and 333 mgN/gN intake) .  This supported the expectation that the 

brief i ncrease in degraded N in the rumen was absorbed through the rumen wall with 

only a small proportion being i ncorporated i n to  m ic robial prote in (See Section 7 .4. 1 . 1 ) . 

I n  the  pre se n t  s tudy ,  approx i m ate l y  3 3 %  of  N i n t a k e  was excreted i n  ur ine,  

approximately 32% i n  faeces ,  and approxi m at e l y  35% retai ned in the body of the 

sheep held at two temperature conditions and between concentrate supplementation. It 

i s  possible that the intake of N in the present s tudy did not differ significantly between 

the two temperatures. S imilar observations to the present study (Colditz and Kellaway, 

1 97 2) have shown that when Fries ian , Brahm an x Friesian or Brahman heifers were 

held at l 7°C or 38°C, N excre ted in faeces and ur ine ,  and N retained in the body did 

not differ significantly between the two tem peratu res .  

7.4.4 EFFECT ON RUMEN pH 

Neither temperature nor urea h ad any m arked effect on rumen pH measured in the 

presen t  study. However, a trend towards h igher pH with 2% urea could be attributed to 

the increased concentrate/hay rat io .  

In the pre sent  s tudy,  a l though the e ffec t of  t e m p e ra t ur e  on rumen pH was not 

significant, there was a tendency for lower pH values to be associated with sheep held 

at the higher temperature. This m ay have been caused by the decrease hay DM intake 

at the higher temperature and the  conseq uent  h igher concentrate/hay ratio. 
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7.4.5 EFFECT ON RUMEN AMMONIA CONCENTRATION 

In the pre sen t  study, ne i ther tem perature nor urea had m arked effects on rumen 

ammonia concentration .  The lack of s ign ificant effect of urea on rumen ammon ia  

concen tration i n  t he  present  study m ay h ave been  due to  the fact that ammonia 

concen tration was not measured un t i l  3 hour after feeding. During this t ime, rumen 

ammonia concentration, particu larly in sheep fed 1 or 2% urea, may rise sharply and 

then dec l ine to the level that was observed at 3 hours after feeding .  Falvey ( 1 982) 

observed that rumen ammonia concen trat ion rose sharply to the peak (320 mgNH3-

N/li tre of rumen fluid) soon ( less than 1 hour ) after urea was fed then declined to 

normal (30 m gNH3-N/litre )  for the rest of the day after 3-4 hours after feeding. 

Pre l i m i n ary observat ion s  (F igure 7 . 4 )  on ru men  pH s ugges ted that rumen p H  

decreased from 6.5 at 0 h (before feedi ng) to 6 .35 ,  6.20 and 6.00 a t  1 ,  2 and 3 hours 

after feeding respectively, and the observation s publis hed by Leng and Nolan ( 1984) 

suggested that rumen ammonia concentration is n0I111 a l ly positively associated with 

rumen pH.  I f  thi s  i s  the c ase, the concentration of rumen ammonia would probably 

have been higher at 1 or 2 hours than at 3 hours after feeding .  

The lower concentration of rumen ammonia observed at  3 hours after feeding on the 1 

and 2% urea treatments than on no urea treatment cou ld be attributed to, firstly, very 

rapid degradation of urea to yie ld  ammon ia on the two urea treatments ,  with the 

ammonia taken up by m ic robes or lost through the rumen wall  very rapidly. 

Secondly, the dietary protein from the 0% urea concen trate was s lowly degraded. In 

the first case, part of ammonia in the rumen was incorporated in to m icrobial N and the 

m ajor part m ay h ave been absorbed through t he rumen wal l  s i nce high ammonia 

concentration associated with high rumen pH wi l l  lead to rapid absorption of ammonia 

from the rumen (Hogan, 1 96 1 ) . Leng and Nolan ( 1 984)  also observed approximately 

10 times the rate of absorption at pH 7 .0  compared to the rate at pH 6.0. In the second 

case ,  the s lowly degraded dietary prote in  from the  0% u rea concentrate should 

m ai n ta i n  h i ghe r  rum e n  am mon i a  over a l o nger per iod com pared to the urea  

concentrate. This was confi l111ed by  the s l ight ly h igher rumen ammonia concentration 

measured at 3, 5 and 7 hours after feeding on the 0% urea concentrate compared to the 

urea concentrates. 
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F igure 7.4 Preliminary measurement of rumen pH of s heep fed an equal mixture 

o f  c o n c e n t ra te s  ( 3 00 g D M /d a y )  a n d  ad libitum hay,  at v ariou s  

measuring  times after concen trate feeding .  

Mean of measuremen t made from 4 sheep s hown (*) .  

y = 6.70 - O.23x + O.02x2 
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The min imum rumen ammonia conce n trat ion  for maximum efficiency of microbial 

protei n  synthesis has been estimated in vitro to be 50-80 mg ammonia N/litre of rumen 

fluid (Satter and S lyter, 1 974) and in vivo to vary with the diet but to range from 20 to 

80 m g  ammonia N/litre (Pisulewski et al., 1 98 1 ) . However, recent studies have c learly 

i ndicated that the minimum level of ruminal fl u i d  ammonia for optimum i ntake of low 

N, low digest ib i l i ty forage by cat t le  is abou t  200 mgNH 3-N/litre, even though the 

digestibility of the forage in nylon bags was optim ised below 100 mg ammonia N/litre 

(Krebs and Leng, 1 984; Boniface et al. ,  1 986; Perdok et al. , 1988 ) .  As much as 235 

m g  ammon ia  Nll i tre has b e e n  repor ted  to be req u i red  for m ax i m um rate of 

fermentation (Mehrez et al. , 1 977) .  

The concentration of rumen ammon i a  m easured in the present  study ranged from 90 to 

1 80 mg N/litre which should optim i se the digest ion of hay.  However, the h igher rumen 

ammonia concen tration throughout  the meas u re me n t  per iod on the 0% urea should 

have resu lted in h igher digestion of f i bre than w i t h  the 1 and 2% urea concentrates. 

This was confirmed when DM degradabi l ity in the nylon bags was carried out and will 

be discussed later in the feed degrada t ion sect ion (7 .4 .7 ) .  

7.4.6 EFFECT ON VOLATILE FATTY ACID PRODUCTION 

I n  the present  study, adding 2% u re a  to t he  concen trate s ign ificantly reduced the 

concen tration of total volati le fatty ac ids  part i c u lar ly  during  the earl y hours after 

feeding  (3 and 5 h) but not on average over rhe day . 

I t  was probable that urea per se had no direct effect on YFA production but the level of 

i ntake did affect the  product ion of Y FA .  Total OM i n take and YFA production were 

associated with each  other in the present study. With the exception of measurements 

made at hour 0, the production of Y FA was pos i t ive ly re lated to total OM intake. 

I n  the present study, hot t empera ture cond i t i o n s  c a u sed  a red uct ion  in total YFA 

concentration a t  3, 5 and 7 hours after feeding and  YF A concentration averaged over 

the day. Thi s  was s imilar to the fi ndings of Ke l ly  el al. ( 1 967 ) who reported that total 

YFA concentration dec l ined sign ifican t l y from 1 47 m M/l itre to 66 mM/li tre as the 

temperature i ncreased from 1 8 . 2  to 3 7 . 7 ° C .  I t  is c lear that hot temperature reduced 

food i ntake and consequently caused a reduction in YFA production . 
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Neither tempe rature nor urea had any effect o n  average molar proportion (over the 

day) of acetic, propionic and N-butyric acids in the presen t  study. However, at 5 hours 

after feedin g  molar p roportion of acetic acid  was decreased by urea  bu t  the molar 

proportion of propionic acid was increased by u rea .  The low concentration of ammonia 

observed at 5 hour  after feeding  with 1 and 2 %  urea may contribute to a reduction i n  

fibre digestion i n  the rumen and thus a reduction i n  molar proportion o f  acetic acids 

rel ative to propionic acids. It was l ikel y  that the resu l ts obta ined were caused litt le by 

the direct effect of urea itself since the molar proportions of acetic and propionic acids 

were l ikely to be domi nantly associated w ith the ratio (concentrate: hay). 

Published reports have shown sim i lar molar proportions of acetic acid, propionic acid 

and  b u tyric acid when  non-lactating cow s ( Kelly et  al . ,  1 967) or lactati ng  cows 

(Moody e t  at. , 1 967) were exposed to warm ( 1 8 . 2  and I S -24°C respectively) and hot 

( 37 .7 and 3 2 . 2° C  re spec t i v e l y )  temperatures .  The lack of any marked effect of 

temperature on molar p roportions of acet ic  and p rop ionic acids in the present study 

was simil ar to the published works quoted. 

7.4.7 EFFECT ON FEED DEGRADATION 

I n  the present study, i ncreases in urea in  the  concentrate resulted i n  i ncreases in protei n  

degradabi l i ty  o f  concen trates a s  e xpected. I ncreases i n  prote i n  degradab il ity was 

undoubtedly due to the high degradabi li ty of urea. 

Urea had no  effect on protei n  degradability of hay while mild tem perature condition s  

i ncreased protein degradabi l i ty of hay s i gnificantly at 1 2  and 24 h and i ncreased i t  

s l ight ly  a t  48 h after incubation i n  the present s tudy. The h igher degradabi li ty of 

protein in h ay at mi ld  than hot temperature was unexpected since i ncreased rate of 

d iges ta passage i n  assoc iat ion w i th i ncreased O M  i n take (W arren  e t  al . , 1 974;  

Kennedy and M i lligan, 1 97 8 ;  Tamrn i nga, 1 979; Evans , 1 98 1 )  a t  m i ld temperatures (as 

occurred i n  t he  p resen t  s tudy ) would be expec ted to res u l t  i n  the depres sion of 

degradability of protein  in the rumen. In the trial by Warren et  al. ( 1 974) a decreased 

passage rate when cattle were exposed to 1 8°C compared to 32°C was also recorded. 
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A possible reason for lower protein degradabili ty of hay in  hot than i n  mi ld condition 

i s  tha t  hot  temperature s igni fi can t l y  reduced h ay O M  i ntake and consequen t l y  

i ncreased concentrate :hay ratio. Reduced hay cellulose disappearance from nylon bags 

i n c ubated i n  t he rumen  of s heep , pos s i b l y due  to c h a n ge s  i n  m ic roorgan i s m s  

popu l ation i .e .  a reduction in  ce l lu lolytic microorgani sms ,  h a s  been reported when 

c o nc e n tra te was s u p p l e m en ted to  gra s s  h ay ( Lamb and Eadie,  1 979 ) .  H igher 

concentrate :hay ratio in  hot than in mild condition may reduced h ay cell ulose digestion 

to a greater extent. As a resul t, a lower protein degradability of h ay in hot than in mi ld 

condition i s  probably due to lower digestion of hay .  

Neither temperature nor urea had m arked effects on OM degradabi lity of concentrate 

and hay i n  the present study. The tendency  towards the h igher  D M  degradability of 

concentrate at 24 h and of h a y  at 1 2  h at lower tem pera tu res  was unexpected since 

i ncreased rate of d ige s ra p a s s age i n  a s s oc i a t ion w i t h  low temperatures h as been 

reponed (Westra and Chris topherson, ] 976; Chri s topherson and Ken nedy, 1 983)  and 

this should result  in the depression of degradab i l i ty of OM in the rumen. 

A possible reason for a s l igh tly l ower O M  degrada b i l i ty  of hay at hot than at m i ld 

temperature can be explained as i n  t h e  c ase of lower protei n  degradabil i ty of h ay 

previously mentioned. 

The tendency towards the h igher hay OM degradab i l i ty w i th  the 0% urea concentrate 

compared to the urea concentrates could be expla i ned by the  h igher rumen ammonia 

concen tration ,  averaged over 24 hour s,  with the W /r urea diet .  
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7.5 CONCLUSIONS 

1 .  There were no major favourable effects of adding urea to the concentrate i n  the 

present study. This was probably because the concentrates used were balanced for 

CP concentration with varying only protein degradabil ity by inclusion of urea. The 

adverse effect of adding urea on hay DM intake may be due to the fact  that urea 

was degraded to ammonia very rapidly in the rumen and thus had l ittle advantage 

to microbes to produce m icrobial  protei n .  If t h i s  is the case, freq uent feeding of 

concentrate contain ing  urea wou ld have cons iderable major advantage. Another 

promis ing method is to supp lemen t  low q u a l i ty roughage based diet by m ul ti

n u trien t  b lock contai n i ng  u re a ,  m o las ses ,  bypass protei n and minerals which 

animals may be access  at a l l  t i m e . Th is  would gi ve continuous di stribution of 

ammonia to the rumen.  

2.  S imilar to many publ ished reports , the presen t  study has shown negative effects of 

temperature on DM intake, concentration of total YFA, degradabil ity of protein but 

posi t ive effects  on re s p i ra t i o n  rat e ,  and water intake. I t  can be 

concluded that in the present study the tem perature had more marked effects on the 

parameters measured than the rat ions .  

3 .  In view of prac t ica l  i m p l i c a t ion , u nd e r  tro p i c a l  farm i n g  condi t ions  where 

temperatures play a major ro le  i n  a n i m a l  produc t ion res ponse s due to l imi ted 

i n takes  of n u tr ien t s  i m posed b y  h e a t  s t re s s ,  s u p p lementat ion of adequate 

fermentable energy and protein wou ld be necessary to stimulate m icrobial growth 

in the rumen. The use of m ul t i - nu trien t  blocks which  give animal free to access, 

would be more appropriate s i n ce they l l l ay reduce the  labour cost of frequent 

feeding. This  field of research i s  requ i red to obtain appropriate feeding practice. 



CHAPTER 8 

EFFECT O F  H IGH PROTEIN MEAL SUPPLEMENT A TION 

ON PERFORMANCE O F  GRAZING DAIRY COWS I N  W INTER 
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8.1 INTRODUCTION A N D  OBJECTIVES 

Although the New Zealand dairy i ndus try i s  based on a seasonal calving  pattern with 

more than 90% of all herds calving in l a te w i nter/early spring, the remaining 1 0% are 

required to produce milk for liquid con s u m ption dur ing the autumn/winter period. The 

leve l  of mi lk  production obta ined from a u tu m n  c a l v e rs h as been reported to be 

different  from that from spring ca lvers  ( W i l son  et ai. , 1 985 ;  B aldwin and Holmes, 

1 989; Hislop, 1 99 1 ) . For example, in ;) Ba ldwin  and Holmes ( 1 989) reported a 

similar w hole lactation m il k  fat product i on IXI' cow from au tumn and spring calvers . 

The autumn calv ing  herds were hO\vever fed 75 more  h ay and s i lage , and fed more 

concen trates than the spring calv ing  herds and cows al so h ad longer l actations. His lop 

( 1 99 1 )  reported 1 84 kg m il k  fat per cow from au tu m n  calvers  and approximately 1 65 

kg milk fat per cow from spring ca l vers . I n  contras t ,  W i l son  ( 1 989) stated that the milk 

production from autumn ca lvers w as lower t h a n  from spring  calvers. 

The differences in the res u l ts observed m ay be due to the differences in nutritive value 

between autumn and spring pastur e .  a n d  to t he i n fl ue nce of fungi in pasture i .e .  ill

t hrift i n  s heep  (S cott  et a l . , 1 9 7 6 ) .  R e i d  ( 1 9 8 6 )  rec o rded a fa ster  growth rate 

( approximately dou ble) of b u l l  beef c a t t l e  un s p r i n g  t h an on autumn pasture at the 

same pasture allowance (ranging from 2 to x kgDM/ l OO kgL W daily )  despite similar 

digestibility but higher N concentratio n i n  a u t u m n  past ure . As a resu l t, if differences 

between autum n  and spring pas ture i n  n u t r i l i ve va l ue  re s u l ted from differences in  

absorption of  glucogenic amino ac ids i n  t he s m a l l  i n tes t ine ,  then m uc h  of extra N must 

have been lost from the rum e n  ( M a c H ae ( ' /  0/" ] 9 85 ) .  R e i d  ( 1 986) also noted that 

predicted pasture allowances req u i red for m a i n tenance or for m aximum growth rates of 

beef cattle in autumn/winter were dou ble t hose req uired in spring .  

I t  is  also possible that the n utrit i ve v a l ue of autumn/w i n ter p as ture m ay be lower than 

that of spring  pasture (MacRae £Ot  a l . ,  1 985 ) ,  in sp i te  of i t s  high protein concentration 

(approximately 25%)  and h igh d iges t i b i l i t v ( approx ima te ly 75 % )  ( Bryant and Trigg, 

1 982) .  
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I n  U n ited Kin gdom, earlier work b y  Corbett e t  al. ( 1 966) and B l axter e t  al.( 1 97 1 )  

referred to the higher soluble-carbohydrate contents  of sprin g  herbage as a possible 

reason for i ts  higher nu tritive value. Beever et  at. ( 1 978 )  reported that the h igher 

content of so lub le  carbohydrate and lower con ten t  of protein in their spring-cut  

( stored-frozen)  herbage led to a more efficient fermentation in the rumen and a h igher 

yield of total VFA, particu larly propionate, when 950 gDM/day of each grass was fed 

to s heep. They a lso observed a greater supply of protein anterior to the duodenum in 

sheep fed on the spring  herbage. Similarly ,  Ribeiro et  al. ( 1 98 1 )  suggested that at equal 

gross energy intakes of spring and autumn herbage, the amoun t  of N entering  the small 

intestine per unit ME i ntake was h igher in  sheep given the spring  herbage. Recently, 

MacRae et  al. ( 1 985)  observed greater absorpt ion of nonam monia-N and amino-N in 

sheep given spring herbage in association with an improved efficiency of u tilisation of 

ME . This supported the earlier suggestion of MacRae and Lobley ( 1 982) that avail ab le 

protein absorbed from the small i n testine may have some influence on the efficiency 

wi th  which ruminan t s  can  u t i l i se the YFA wh ich  they absorb from the rumen , 

particularly on forage-based diets . 

The possibility of increasing the supply of protein entering the small in testine by u sing 

' bypass ' protein has received considerable research attention in recent years. I n  New 

Zealand, Wilson ( 1 970), and Wilson and Brookes ( 1 975 )  supplemented autumn calvers 

during winter with casein ,  formaldehyde-protected casein or formaldehyde-protected 

soyabean and found that the respon se to the supplement was improved by protection. 

The responses  were 0 . 76  and 0 . 40 kg m i l k  per kgDM s upplemen ts for feeding 

protected and u nprotected casein respect ively .  Th i s  suggested that the protected protein 

h ad a more m arked effect on the yield response t han  a ' normal response ' obtained 

from energy supplements or high l y  degradable p rote i n . More recently ,  Wil son et ai. 

( 1985 )  fou n d  that mi lk  yield, protei n  yield and prote i n : fat ratio were all increased 

w hereas  fat y ie ld rem ai ned unchanged because of a s m al l  reduction i n  mi lk  fat 

concen tra t ion  w he n  c o n c e n tra te s c o n ta i n i n g  1 9 % l o w  degradab le  CP were 

supplemented to grazing dairy cows. The response of feeding  low degradable protein  

was  0 .82  k g  extra mi lk  per kg  concentrate consumed. 
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From the previous studies i n  Thailand where cows were fed fresh tropical pastures or 

silages as basal diets, apart from ME in take, low degradable protein  supplement tended 

to stimulate roughage i ntake and improved an ima l  performance as can be seen by a 

higher 'apparent efficiency ' of use of ME above maintenance than a high degradable 

protein supplement (Chapter 4 and Chapter 5 ) .  The aim of the present experiment was 

to determi ne the effect of high protein-low degradable protein meal supplementation 

on the performance of grazing dairy cows fed generously on autumn/winter temperate 

pasture. This inc luded the effects on intake, m i l k  yield and composition, l iveweight 

and condition score. 

8.2 M ATERIALS AND METH O DS 

8.2. 1 PRE-EXPERI MENT A L  COND ITIONS 

The experi m e n t  was  con ducted at  M a s se y  U n i vers i ty ' s N o . 1 Da i ry Farm (a  

Commercial Winter Mi lk Un i t) , Palmerston orth ,  e w  Zealand, for 2 1  days (6 - 27 

June 1 990). Climatological data and background of the e xperimenta l  site are given in  

Appendices 1 .3 and 2 .3  respectively .  

8.2 . 1 . 1  An imal and Treatments  

24 Friesian cows (3-7 years old, average 1 8 . 1  kg  m i lk/cow daily, and with the calving 

date spread from 9/3/90 to 22/3/90) were as s igned a t  random i nto two treatment 

groups. One group grazed on pa t u re a lone at approx i m ate ly  60 kgD M/cow dai ly 

herbage al lowance (PF) w h i l e  the other grazed at t he  same al lowance ( in separate 

halves of each paddock )  and was supplemented wi th 3 kg/cow daily high protein meal 

(MF) .  The use of a very high al lowance in the present  study was to extend the results 

from an experiment conducted i n  the pre v iou.· year (Ann ual Research Report to the 

Market Mi lk  Federation of N e w  Zealand,  1 989-90) in which dairy cows were fed 

autumn/winter pasture at 3 level herbage allowances ( 1 3 , 2 1  and 45 kgDM/cow dai ly) .  
s 
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Autumn calved cows, fed the generous al lowance of pasture,  ate 1 2  kgDM per day 

and produced 1 7  l itres milk per day. These val ues were lower than would have been 

expected from similarly generous feeding in spri ng.  Detai ls of cows at the start of the 

experiment are presented in Table 8 .2 . 1 .  

Table 8.2. 1 Data for the cows before the start of the experiment. 

Mean values for: PF MF 

No.  of  cows 1 2  1 2  

Days i n  m ilk 8S±3 84±1 

Milk yield (kg/day) 1 8 . 3±O.6 1 7 .9±O.6  

Fat yield (kg/day) O .864±O.03 0.779±O.04 

Protein yield (kg/day) O .S52±O.02 0.542±O.02 

Lactose yield (kg/day) 0.876±O.04 0.89 1 ±0.03 

Fat concentration (%) 4.74±O. 1 8  4. 36±O.22 

Protein concentration (%) 3 .0 1 ±O.06 3 .03±0.08 

Lactose concentration (%) 4. 86±O.OS 4.9 1 ±O.O6 

Liveweight (kg) 463± 1 9 456± 1 2  

Condition score (units) 4.4 1 ±O. 1 0  4. 37±O. 1 3  

Data shown were means±SE. 

8.2. 1 .2 Animal, Sward and Feed Management 

Before the s tart of the experiment, the cows were fed with the main herd which was 

offered approximately 20 kgDM/cow dai l y  herbage a l lowance plus  approximately 6 

kgD M  si lage per cow da i ly .  They were t hen  fed as one group on  pasture alone at 

approximately 60 kgDM/cow dai ly  herbage a l lowance for 3 days. During this time the 

M F  cows were i n troduced to h ig h  prote i n  m eal  (components and composi tions are 

given in  Table 8 .2 .2) which they ate readi ly .  
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For the next 1 4  days (Period I ) ,  after the 3 days adj u stment period, the cows were 

grazed separate ly  i n  two groups  at an  im posed a l lowance of approxim ately 60 

kgDM/cow daily ,  whi le 3 kg/cow dai ly high protein meal was fed to the MF cows. 

Following the experimental period (Period I I ) ,  all cows were fed with the main herd of 

170  cows at approximately 1 8  kgDM/cow daily herbage allowance plus approximately 

7 .2  kgDM si lage/cow daily and the MF cows continued to receive their supplement of 

3 kg/cow daily high protein  meal for a further 7 days. 

For a further two weeks fol lowing  the cessation of h igh prote in  meal feeding (Week 2), 

data on milk yield and composition were col lected to determine the residual effects of 

meal feeding. 

During the experimental  period, each group of cows was given a fresh area of pasture, 

after the morning milking each day . Each paddock was divided longitudinally into two 

equal areas, one for each u'eatment group.  These areas were subsequently divided into 

2-3 breaks depending on the s ize of paddock and the pregrazing herbage mass. Each 

break was occupied by either the PF or MF groups dai ly .  The elecu'ic fence was used 

to prevent the cows from "back grazing"  the area grazed on the previous day. 

The high protein  meal supplement was offered to the MF group of cows once daily in  

comm unal  troughs ,  immediate ly  after morning  mi lk i ng .  These cows were al lowed 

access to the meal for 1 5 -20 m inutes before they returned to pasture. The MF cows 

consumed all the supplement offered. 

8.2. 1 .3 Pastures and Supplemen ts 

The pastures comprised mainly perenn ial ryegrass and whi te clover. The area used to 

conduct the experiment was 9 .6 ha divided in to 4 paddocks .  

The feed components and chemical composi t ions of the high prote in  meal supplement 

are given in Table 8 .2 .2 .  The conce n trate was thoroughly m ixed by vertical central 

spin m ixer without pelleting. 



Table 8.2.2 Concentrate components  and chemical compositions. 

Components (kg/l 00kg) 

Brewers ' grain 

' Fat extracted' soyabean meal 

Full fat soyabeans 

Chemical composition 

Dry matter (%) 

Crude protein (%) 

Ash (%) 

In vitro 

Dry m atter digestibility (%) 

Organic matter digestibi l ity ( % )  
Digestible organic matter ( % )  

Estimated metabolisable energy (MJ/kgOM )  1 I 

Estimated protein degradabi l i ty21 

II ME = 0. 1 6DOMD (MAFF, 1 975 ) .  

50  

30 

20 

89.5 

33. 1 

5 . 1 

76.2 

77.5 

73 .6  

1 1 . 8  

0.6 

21 Estimated from protein degradabi 1 i ty val ues  of feedstuffs gi ven by ARC ( 1 980). 

2 1 8  
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8.2.2 MEASUREMENTS 

Unless otherwise stated, the methods and equipment u sed to make the measurements 

described below are those detailed in A ppendix 3 .  

8.2.2.1 Feed Measurements 

Pre and pos t  grazin g  herbage y i e l d s  w e re m e a s u red  o n  8 occas ions  duri n g  the 

e xperimenta l  period. On each occa s i o n ,  p a s t u r e  enc losed w i t h i n  ten 0. 1 875  m2 

q uadrats was cu t  to ground l e ve l for each  t re at m e n t  break, with  a motor driven 

shearing-handpiece. 

I n  this experiment ,  estimates of feed i n take were a l so obtained from faecal output 

using s low-release Cr203 capsu les as an ind igest ib le  marker. The procedure used was 

detailed i n  Appendix 3 . .  

The sampling procedure used for the cu tti ng techn ique was that o f  a stratified random 

sampling described by Meijs et al. ( 1 982) .  The i ndiges t ib le  marker techn ique used was 

described by Le Du and Pen n ing  ( 1 982) .  

Where cut  herbage was taken before gra z i n g ,  a sub sample  of dried herbage bu lked 

from each tre atm e n t  w i t h i n  e ac h  p addock w a s  groun d  t h rough  l -mm sieve and 

analysed for N concen tration (% ,  Kje ldah l me thod) ,  A s h  concen tration (%, 500°C 

overnight) and in vitro digesti b i l i ty (%,  Roughan and H olland, 1 977 ) .  

Whi le the experiment was  i n  progress ,  t h e  M F  cows were seen to  graze selectively on 

the upper s trata of the p asture w h i l e  the PF cows grazed dow n  to the middle and 

bottom strata of the pastures .  The three s trata: top ,  m iddle and bottom; were collected 

by cutti ng  with a shearing  hand piece at approx imately 1 5 ,  8 em height and ground 

level and the different portions  were analysed for OM, N and in vitro digestibility. In 

vivo digestibilities of the top and bottom strata were a lso measured using 8 sheep fed 

ad libitum differen t  pasture to  t h a t  u s ed i n  t h e  grazin g  experiment  but  s imi l ar i n  

composition and mass  (See A p pe ndix 3 . 2 . 3 . 2  for m anage m e n t  o f  animals ,  pas ture 

cutting  techn ique, feeding  and measurenlents j .  
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D uring pre- and post-experimental period, grass meter readings (Earle and McGowan, 

1 979) were taken occasional ly  to estim ate herbage mass before and after grazing by 

the whole herd. 

The high protein  meal samples were taken in dupl icate from each batch at the time of 

m ixing .  They were then b ulked, thorough ly  m ixed and a s ubsample was taken for 

chemical analysis .  

8.2.2.2 Animal  Measurements  

Pre-grazing  herbage mass, res idual herbage mass and dai ly herbage al lowance were 

used as defined by Hodgson ( 1 977 ) .  

Over the experimental period of  2 1  days, i nd iv idual morning and evening mi lk  yields 

were recorded on 6 occas ions .  A l iq uot m i lk samples  were taken at thi s  t ime for 

analyses of concentration s of m i lk fat ,  mi lk  prote i n  and m i lk lactose (Milko Scan, 

1 40A/B, Foss Electric, Denmark) .  

Liveweight and condition score were measured after morning mi lk ing  on 3 occasions ;  

at the start, after two weeks and at the end of the experimental period. 

8.2.3 STATISTICAL ANALYSIS  

All  data were analysed us ing  t he  S tat i s t ic  Ana lysis System (SAS)  computing package 

(SAS Institute Inc . ,  Cary, NC 275 1 2-8000, USA .  1 985 ,86,87 ) .  

Sward (HM,  RHM, HA) ,  intake (DMI  and MEl )  and l i veweight change data were 

analysed us ing analysis of variance (S tee l and Torrie , 1 986) .  The details of the model 

used to define the data was that described in Appendi x 4 . 1 .  
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Liveweight  and condi tion score were ana l y sed u s i n g  ana ly s i s  of covariance as 

described i n  Appendix 4 .2 .  

Yields of milk,  milk fat, milk protein and mi lk l ac tose, and milk compositions were 

analysed using the repeated measurement  ana lys i s  of covariance (Gil l  and Hafs, 1 97 1 ;  

Finn, 1 974; Morrison, 1 976; Bryant and G i l l i ngs ,  1 985) as described in  Appendix 4.3 .  

8.3 RESULTS 

8.3. 1 CHEMICAL ANALYSIS O F  T H E  FEEDS 

The chemical analyses of t he pastures used during the experimen t  are given in  Table 

8 . 3 . 1 .  The q uality of pastures offered to bo th  treatments  were s imi lar (as expected 

because they were in the same paddock s) .  

Table 8.3.1 

Paddock 

No. 

PF 
MF 

2 PF 
MF 

3 PF 
MF 

4 PF 
MF 

MEAN PF 
MF 

Data for the chemical analyses of pastures (cut to groun d  level), 
PF = pasture fed only ; MF = meal supplement ;  H M  = pre-grazing 
h erbage mass; D M D  = dry matter digestibi l i ty ;  OMD = organ ic 
m a t t e r  d i gest i b i l i t y ;  O O M O  = d i ge s t i b l e  o rg a n i c  m a t t e r  
d i gestib i l i ty ;  C P  = c r u d e  protein ;  M E  = metabolisable energy 
concentration. 

i n  v i t ro ME ll 

H M  O/ODMD C;{;OMD Si(; DO M D  %CP %ASH ( MJ/kgDM) 

2638 75 . 2  7 6 . 3  68 . 1 22 .6  1 0.7  
2700 76. 1 n . s  69.4 22 . 1 1 1 . 8  1 1 . 1  
23 1 3  74.0 75 . 5 65 .6 2 1 .0 1 3 . 1  I O.5  
22 1 1  76.9 77.5 69. 4  2 1 . 1  1 0.4 1 l . 1  
2452 78 .2  79 .9 69. 1 20.2 1 3 .5 1 1 . 1  
2670 76.6 7 9 . 2  69.4 20.2 1 2.3  1 0.9 
1 746 82.5 84 . 3  74.4 25 . 1 1 1 . 8  1 1 .9 
1 803 8 1. 7  82 . 8  74 .4 23 .4 1 0. 1  1 1 .5  

.�-��-�.,� 

2287 77.5 7 9.0 69.3 22.2 12.3 
2346 78.0 78.9 70. 1 2 1.7 11 .2 1 1.2 

li ME = 0. 1 6  DOMD (MAFF, 1 (75) .  
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The chemical analyses of the pasture s trata are shown in Table 8 .3 .2. The top strata 

showed h i gher DMD,  OMD,  DOM D ,  CP and est imated M E  than the m iddle and 

bottom strata. 

Table 8.3.2 Chemical analyses of the pasture strata. 

Herbage strata DMD OMD DOMD CP Ash M E 1/ 

(%) (% )  (% )  (%) (%) (MJ/kgDM) 

Top (> 1 5cm) 7 7 . 7  7 8 . 2  69. 8  2 7 . 2  1 0 . 7  1 1 . 2  

Middle (8- 1 5cm) 7 5 .4 76.4 67.9 25 . 3  1 1 . 1  10.9 

Bottom (0-8cm) 7 3 . 5  7 5 . 7  66.4 1 9 .6  1 2 . 3  10.6 

1 /  ME = 0. 1 6DOM D  (MAFF, 1 97 5 ) .  

Mean values for dry matter in take of sheep fed t h e  top and bottom strata of pasture 

together with the corresponding in vivo and in vitro digest ibi l i ties are given i n  Table 

8 .3 .3 .  Dry matter intakes of the pasture s trata were simi lar (p>0.05) between the two 

groups .  The digest ib i l i t ies  of the top s tra ta  were h ig h e r  t h a n  of the bottom strata 

(p<0.05 ) .  Both in vitro and in vivo diges t i b i l i t ies showed s im ilar differences i n  

digestibi l i ties although the absolute values for in vivo digest ibi l i ty tended to be h igher 

than those for in vitro digest ibi l i ty. Th i s  was because of selective eating behaviour of 

the animals for the in vivo digestibi l ity de term i na tion.  

Table 8.3.3 DMI, in vivo a n d  in vitro D M D, O M D  a n d  D O M D  values from 
sheep fed the top or bottom s t l"a ta of pasture. 

TOP BOTTOM SEM Sig .  

DMI (kg/day) 1 . 1 8  1 . 26 0 . 1 6  NS 

In vivo 

D MD (%) 7 8 . 76 74.46 1 . 1 9 * 

OMD (%) 80.96 7 7 . 35 1 .06 * 

DOMD (%) 70.43 65 . 5 8  0.82 * *  

In vitro 

DMD (%) 7 5 . 60 7 3 . 20 

OMD (%) 76 .00 74 .33  

DOMD (%) 67 .60 66. 1 5  



r 

223 

8.3.2 SWARD CHARACTERISTICS 

8.3.2. 1 Pre-grazing Herbage Mass and Residual Herbage Mass 

The mean values and ANOV A for HM and R H M  are given in Table 8 . 3 .4 .  

A lthough there was consistent ly  more RHM in the MF pas tures (difference of 149 

kgDM/ha) the mean values of H M  and R H M  for the PF and M F  treatment were not 

significantly different  (p>0.05 ) .  

Table 8.3.4 

Pd.No. 

1 
2 

3 

4 

Mean 

8.3.2.2 

Mean values for pregrazing herbage mass (kgDM/ha, H M )  and 
residual herbage mass (kgOM/ha, RH M )  of the unsupplemented 
and supplemented cows. 

H M  R H M  

PF MF S E M  S i g .  PF MF SEM Sig. 

2638 2700 1 825 2023 
23 1 3  22 1 1 1 547 1 566 

2452 2670 1 824 2 1 1 6  

1 746 1 803 1 290 1 376 

2287 2346 287 1 62 1  1 770 2 1 9  N S  

D M  Allowance and O M  In take 

Mean values  for D M  a l lowan ce a n d  i n t a k e  m e a s u re d  by ' cu tt ing '  and ' Cr203 ' 

methods are presented in Table 8 . 3 . 5 .  Herbage DM al lowance between the PF and MF 

treatments were not significantly differen t  ( p>O.05 ) .  It was assumed that the MF cows 

ate only the top strata and that the diets eaten by the PF cows consisted of 50% from 
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the top strata and 50% from the lower s trata. Th us for the estimate of DM intake of the 

MF cows, the in vitro DMD value of the top strata was used and for the PF cows the 

mean value between the top and the bottom strata was u sed. Pasture D M  in take 

measured by 'cut ti ng '  method showed s ign i ficant difference between the groups 

(p<O.O I )  while those measured by 'Cr203 ' method were not s ign ificant  differen t  

(p>0.05) .  

When D M  allowance was expressed as  total D M  al lowance (pasture p lus  concentrate) 

and when total DM intake was used, both total DM al lowance and intake measured by 

'cutting '  method were s imi lar (p>O.Os ) for the two treatments .  The total DM intake 

measured by 'Cr203 ' method were a l so s i m i lar for both treatments (p>0.05) .  

Calculated substitution rate which is defi ned as a reduction in  herbage intake (kgDM) 

when 1 kgDM supplement was consumed, was 0.7 1 by ' cutt i ng '  method and was 0.45 

by 'Cr203 ' method. 

Table 8.3.5 Mean values for feed dry matter al lowance (kgDM/cow daily) and 
dry matter intake (kgDM/cow da i ly )  of the unsupplemented and 
supplemented cows. 

D M  a l lowance DM intake 

Mean values for :  PF M F  SEM S ig .  PF M F  SEM S ig.  

As pasture 

Cutting method 62.7 62.9 2 .7  I S  1 7 . 5  1 5 .6 0.4 ** 

Cr203 method 1/ 1 4 .0 1 2 . 8  0.9 NS 

As supplement 2 . 7  2 .7  

Total Jf 
Cutting method 62.7 65 .6 2 .7 NS 1 7 . 5  1 8  0.4 N S  

Cr203 method 1 4 .0 1 5 . 5  0.9 NS 

Substitution rate 'cutt ing' 0.7 1 

'Cr203 ' 0.45 

II n = 5 and 7 for the PF and M F  groups respect i ve ly .  
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8.3.2.3 ME Allowance and ME Intake 

Mean values for estimated ME allowance and ME in take for both treatment groups are 

shown in  Table 8 .3 .6. Pasture ME al lowance and total M E  al lowance were similar for 

both groups (p>0.05) .  Pasture ME in take and total ME in take measured by 'cutting '  

method differed s ign ifican t ly  between group  (p<O.O l and p<0.05 respectively) , 

however, pasture ME intake and total M E  intake measured by 'Cr203 ' method were 

simi lar for both groups (p>0.05 ) .  

Table 8.3.6 Mean values for esti mated metabolisa ble energy a l lowance and 

metabol isable energy in take ( MJ/cow daily) of the 

unsupplemented and supplemen t ed cows. 

ME a l lowance ME intake 

Mean values for: PF M F  S E M  S ig .  PF MF SEM Sig. 

As pasture 

Cutting tech .  696 704 30 S 1 94 1 74 4 * *  

Cr203 1 56 1 44 10 NS 

As supplement 32 32 

Total 

Cutting 696 736 30 N S  1 94 206 4 * 

Cr203 1 56 l 76 10 NS 
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8.3.3 ANIMAL PERFORMANCE 

The fol lowing  results  reported are adjusted means  us ing  the in i tia l  corresponding  

performances a s  covariates. 

8.3.3. 1 Yields of Milk, Milk Fat, Milk Protein and Milk Lactose 

Mean values for milk yield, mi lk fat yie ld, m i l k  protein yield and mi lk lactose yields 

are presented in Table 8 .3 .7 and i l l us trated in Figures 8 . 1  and 8 .2 .  Yields of m ilk, mi lk 

protein  and milk lactose were i ncreased by h igh protei n  meal supplementation in  both 

periods, while fat yield was enhanced s ign ifican t ly  (p<) .OS)  on ly in the first period. 

By the 2nd week after the cessation of meal feeding,  fat and  protein yields from PF and 

MF cows were not statis tically differen t ,  however, the M F  cows were sti l l  producing a 

greater mi lk yield (p<O.OS ; Table 8 . 3 . 7 ) .  

The res ponse to  high protein m e a l  s upp leme n t at ion was  0 .82  and 1 .03 kg  mi lk  per 

kgDM concentrate eaten in pe riod [ and [ [  res pec t i v e l y .  The responses to 1 kg 

concentrate DM eaten were 26 and 30 g fat ,  and 26 and 3 7  g protein in Period I and I I  

respectively .  When this response was expressed as kg mi lk/kg extra DM actually eaten 

(after allowing for the subs ti tu t ion of meal for pasture ) ,  i t  was m uch higher (2 .87 kg 

m ilk/kg extra DM consumed by ' cu t t i ng '  method and 1 .47 kg mi lk/kg extra DM intake 

by 'Cr203 ' method for period J ) .  
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Table 8.3.7 Mean values for yields of mi lk,  mi lk fat, mi lk  protein and milk 

lactose of the unsupplemented and supplemented cows. 

Mean values for:  PF M F  SEM Sig. 

Milk Yield (kg/cow daily) 

In i tia l  1 8 .3 1 7 .9 0 .6  N S  

Period I 20.3 22 .5  0 .5  * *  

Period I I  1 8 . 1  20 .8  0 . 5  * *  

Week 2 1 4 . 7  1 6 . 5  0 . 5  * 

Fat Yield (kg/cow daily) 

Ini tia l  0.86 0 .78 0 .03 N S  

Period I 0.87  0.94 0.02 * 

Period I I  0 .83  0 .9 1 0 . 03 NS 

Week 2 0.66 0 .72  0 .03 NS 

Protein Yield (kg/cow dai ly) 

In i tial  0 .55  0 .54  0.02 N S  

Period I 0.75 0 .82 0.02 * *  

Period I I  0.63 0 .73  0.02 ** 

Week 2 0.47 0 .5 1 0 .02 NS 

Lactose Yield (kg/cow dai ly)  

Ini tia l  0.88 0 .89 0.03 NS 

Period I 1 .03 1 .  1 1  0.02 * 

Period II  0 .94 1 . 06 0 .03 * *  

Means adjusted llsing the ini tial corresponding y ields as covariates 

Period I = at herbage allowance of approx. 60 kgDM/cow daily 

Period I I  = at herbage al lowance of approx . 1 8  kgDM/cow dail y  p lus  

Week 2 

approx . 7 . 2  kgDM s i lage/cow dai ly  

= the 2nd week after the cessation of meal feeding and stil l fed as 

Period I I .  

1 / "' 
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e xperim�nt 
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o 2 .3 4 5 Week 6 7 8 9 1 0  

Figure 8. 1 T h e  effe c t  of  h i g h  p ro t e i  n ( l o w  d e g r a d a b l e ) c o n c e n t r a t e  

supplementation o n  mi lk yield. 

Un supp lemented cows (PF) shown (e). 
S upplemented cows C M F) shown (0) .  
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� post- e xperiment 
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Figure 8.2 T h e  e ffe c t  of  h i g h  p r o t e i n  C l o w  d e g r a d a b l e )  c o n c e n tr a t e  

supplementation on yie lds of m i l k  fat, m i l k  protein and milk  lactose. 

Ce, 0) as in Figure 8 . 1 .  
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8.3.3.2 Concentrations of Milk Fat, Milk Protein and Milk lactose 

Mean values for m ilk  composition are g iven in Table 8 . 3 . 8  and i l lustrated in Figure 

8 . 3 .  N o  s ignificant difference in  m i l k  com position was observed between the two 

group s  in both periods .  Th i s  sugges ted that m i l k  composi tion was unaffected by 

supplementation in  this s tudy. Of in terest , protei n concen tration in both groups was 

dramatical ly increased by ad libitum pas ture feeding when compared with the data 

recorded i n  the i n i ti al (pre-experiment )  period ( See Table 8 . 3 . 8 )  and then reduced 

again when cows returned to a low l eve l  of pasture feeding .  This  suggested that for 

protein concentration, level of feeding was more importan t  than the nature of the feed. 

Lactose concentrat ion i n  both grou ps was  a l so i n c reased by generous ly feeding  

compared to the initial preexperimental period. 

Table 8.3.8 Mean values for concentrations of m:lk fat, mi lk protein and milk 

lactose ( % )  of the u nsll pplemented and supplemented cows. 

Mean values for: PF M F  SEM Sig .  

Fat 

Initial 4.74 4 .36 0 .20 NS 

Period I 4 .28  4 .28  0.08 NS 

Period II 4 .58  4 .45 0. 1 2  NS 

Week 2 4 . 39 4 .46 0. 1 6  NS 

Protein 

Initial 3 .0 1 3 .03 0.07 N S  

Period I 3 .70 3 . 68 0.04 NS 

Period II  3 .48 3 . 5 1 0.06 N S  

Week 2 3 . 20 3 . 2 1 0 .08 NS 

Lactose 

I ni tial  4 .86  4.9 1 0.05 N S  

Period I 4.97 4 .99 0.02 NS 

Period II 5 . 08 5 . 08 o.cn NS 

Means adjusted using the initial corresponding concentrations as  covariates .  

Period I ,  Period I I  and Week 2 as for Table 8 . 3 . 7 .  
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Figure 8.3 T h e  e ffe c t  o f  h i g h  p ro t e i  n ( l o w  d e g r a d a b l e )  c o n c e n tr a t e  

supplementation o n  conce n trat ions of mi lk  fat , m i lk protein and m ilk 

lactose. (e, 0) as in  Figure 8 .  J .  
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8.3.3.3 Liveweight and Condition Score 

Mean values for i n i ti al and final l i veweight ,  condition score, and l iveweight and 

condition score change are shown in Table 8 . 3.9. The initial l iveweight of both groups 

was similar (463 and 456 kg for the PF and MF cows respectively) .  The high protein  

meal supplementation did not affect l iveweight a t  the end of period I bu t  i t  did a t  the 

end of period I I .  Liveweight change was unaffected by supplementation during Period 

I, but  i t  differed (p<0.05) significant ly during Period 1 I .  

Both condition score at the end of period I and condi tion score change over period I 

were improved by supp lementat ion . 

Table 8.3.9 Mean values for initial weight,  final weight ( kg), l iveweight change 

(kg/day) ,  i nit ial  con dition score, final score ( u n its) and condition 

s c o r e  c h a n g e ( u n i t / w e e k ) o f  t h e  u n s u p p l e m e n t e d  a n d  

supplemented cows. 

Mean values for: PF MF SEM Sig .  

In i tial  weight 

Final weight 

Period I 

Period I I  

L W  change 

Period I 

Period I I  

Ini tia l  CS 

Final CS 

Period I 

Period I I  

CS change 

Period I 

Period I I  

463 

47 1 

470 

+0.75 

-0. 10 

4 . 34 

4 .48 

0 .08 

456 

4R2 

490 

+ 1 .63 

+ 1 . 1 7  

4 .26 

4 . 72 

0.26 

5 . 3  N S  

3 .9 NS 

3 .8  * *  

0.47 NS 

OA I * *  

0.26 NS 

0.06 * 

0.08 * 

Means adjusted using the in i tial corresponding concentrations as covariates. 

Period I ,  Period II  and Week 2 as for Table 8 . 3 . 7 .  

I 



8.3.4 

233 

OVERALL RELATIO N S H I PS B ETWE E N  N UTRITION AND 

PERFORMANCE 

Using the assumed degradabi lity values of 0.80 for pasture and 0.60 for the concentrate 

(ARC, 1 980), the estimated supply of RDP and UDP to the cows was calculated (Table 

8 .3 . 1 0) .  The resul t ing  RDP/ME ratios i n  the rations consumed are also p resented i n  

th is  Table .  D u e  t o  the subst i tution effect and t h e  assumed low degradabi l i ty of the 

concentrate, both group s  had simi lar in takes of RDP. I n  contrast ,  the i ntake of UDP 

w as m arkedly h igher in the supplemented cows than in unsupplemented cows. The 

RDP/ME ratios between the two groups  were s i m i lar and were m uc h  h igher than 

suggested by ARC ( 1 984) of 8 . 1 g/MJ .  

By  combining the data for m i l k  yield and  l i veweight c hange ( i n  energy terms, MJ), i t  

wa s  pos s i b l e  to exam i ne t he  i nfl uence  of concen trate s upp l ementat ion on the 

' ap p arent '  u t i l i sat ion of m etabol i sab le energy i n ta ke (Tab le 8 . 3 . 1 1 ) . Despite the 

substi tu tion effect, supplementation of pasture w i t h  concentrate clearly i ncreased M E  

i ntake. E st imated MEl was apparen t l y  a l so used m ore effic ient ly b y  the M F  group 

compared with the PF cows. 

Using the measured values for animal performance, and the assumed values for rumen 

degradabi l i ty  of p rote i n  i n  pasture (0. 80) and concen trate (0 .60)  (ARC, 1 9(8), the 

in takes of RDP and U DP,  as  g iven by the A RC ( 1 980),  h ave been calcu la ted (Table 

8 . 3 . 1 2) .  The in vivo and in vi tro prote i n  degradabi l i t i es  of temperate pas ture and 

various feedstuffs have been extens ive ly  rev iewed by ARC ( 1 980, 1 984). Recently,  

Corbett and Pickering ( 1 983 )  reported the val ues range from 0.82 to 0.97, and only  

wi th the l ater season was s ign ifican t  reduction observed (0.72 ) .  The  values of 0.8 1 ,  

0 .85 and 0.84 for early- ,  m id- and late-season ryegrass were a lso reported by Cammell 

et al. ( 1 983).  The presen t  study adopted a value for protei n  degradabi l i ty of pasture of 

0.80 as suggested by ARC ( 1 980, 1 984) .  The protein  degradabi l i ty values for brewers ' 

grain and soyabean meal ,  the feeds tuffs ll sed  i n  the prese n t  experiment ,  were also 

obtained from ARC ( l 980, 1 984) and those rev iewed i n  t h i s  thes i s  (Chapter 5). 

It i s  clear from the estimates s hown in  this Table that, whatever methods of estimating 

herbage i ntake were u sed, the suppl ies  of both RDP and U DP were greater than the 

requirements. The supply of RDP was was about twice the requ i rement. The supply of 

UDP also higher than the requ i rement .  
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Table 8.3.10 The supply of rumen degra dable protei n ( ROP), undegradable 

protein (UOP) and the ratio of ROP/metabolisable energy intake 

(MEl,  g/MJ). 

Detail s :  

Cutting 

RDP supply (g/day) 

As pasture 

As concentrates 

Total 

UDP supply (g/day) 

As pasture 

As concentrates 

Total 

Total ME intake (MJ/day) 

RDP{fotal ME intake (g/MJ) 

Cr2,Q3 
RDP supply (g/day) 

As pasture 

As concentrates 

Total 

UDP supply (g/day) 

As pasture 

As concentrates 

Total 

Total ME intake (MJ/day) 

RDP{fotal ME intake (g/MJ ) 

PF 

3 1 06 

3 1 06 

776 

776 

1 94 

1 6.0  

2486 

2486 

622 

622 

1 5 6 

1 5 . 9  

MF 

2698 

532 

3230 

675 

355 

1030 

206 

1 5 . 7  

2222 

532 

2754 

556 

355 

9 1 1 

1 76 

1 5 . 6  
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Table 8.3. 1 1  Estimates of the  partitioning of metabol isable energy intake, by 

treatment groups in Period L (MJME/day) 

Detail s :  PF MF MF-PF 

Cutting 

Total ME intake 1 94 206 + 1 2  

ME requirement for maintenance 1/ 60 59 - 1  

MEl - M Em 1 34 1 47 + 1 3  

Net energy i n  m ilk2/ 78 86 +8 

Net energy in l iveweight3/ 1 6  35 + 1 9  

Net energy retention4/ 94 1 2 1  +27 

' Apparent' efficiency5/ 0 .70 0 .82  +0. 1 2  

Cr203 
Total M E  intake 1 56 1 76 +20 

ME requirement for main tenance 1 /  60 59 - 1  

MEl - M E  m 96 1 1 7 +2 1 

Net energy in milk2/ 7 8  86 +8 

Net  energy in  liveweight3/ 1 6  3S  + 1 9  

Net energy retention4/ 94 1 2 1  + 27 

'Apparent' efficiency51 0.98 1 .03 +0.05 

I I  = 0.60LWO.75 . 
2/ = Equation 4 of Tyrre l l  and Reid ( 1 965 ) .  
3/ = 2 1 .5 MJ/kgL W change. 
4/ = Net energy in  mi lk p lus  l iveweighl .  
5/ = Net energy retention/M El - M Em ' 
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Table 8.3. 12 The estimated supply of rumen degradable protein (g/day ;  RDP) 
and undegradable protein (g/day ; U DP) to the tissues of the cows. 

Detai l s :  

Cutting 
RDP requirement 1/ 

RDP supply 

RDP surplus 

Tissue protein supply by2/ 

m icrobial protein 
Total tissue protein requirement3/ 

UDP requirement4/ 

UDP supply 

UDP surp lus 

Cr:&3 
RDP requirement l !  

RDP supply 

RDP surplus 

Tissue protein supply by2/ 

microbial protein 

Total tissue protein requirement3/ 

UDP requirement4/ 

UDP supply 

UDP surplus 

PF 

1 5 1 3  

3 1 06 

1 593 

640 

8 1 3  

329 

776 

447 

1 2 1 7  

2486 

1 269 

5 1 5  

8 1 3  

5 66 

622 

56 

1/ = 7 .8ME (ARC, 1 984) . 
2/ = 3 .3ME (ARC, 1 984).  
3/ = estimated from animal production according to ARC ( 1 980). 
4/ = 1 .9 (Total tissue protein req u i rement  - 3 . 3 M£) .  ARC ( 1 980) . 

MF 

1 607 

3230 

1 623 

683 

1 0 1 5 

63 1 

1 030 

399 

1 373  

2754 

1 3 8 1  

5 8 1  

1 0 1 5  

825 

9 1 1 

86 
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8.3.5 SUMMARY OF THE RESULTS 

1 .  Autumn calved cows,  fed generous ly  ( 60 kgOM/cow dai ly)  on pasture a lone 

(un supplemented group), ate 1 7 .5  kgDM/day and produced 20.3  litres milk per 

day. (Pasture D M  disappearance technique) 

2. Differences in daily herbage in take between the  MF and PF groups estimated by  

' cutting'  and 'Cr203 ' were 1 .9 and  1 . 5 kgDM/cow respec t ive ly .  

3 .  Concentrate supplemen tat ion reduced herbage OM i n take by 0.4-0 .7 kg/kgDM 

concentrate eaten. 

4. High protein concentrate supplementat ion increased y ie lds of milk, mi lk fat, milk 

protei n  and mi lk  lactose (0.8 kg, 26 g, 26 g and 30 g per kg concentrate DM eaten 

respectively) and l i veweight  ga in  (330 g/kgDM concentrate eaten) .  
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D ISCUSSION 

EFFECT OF H IGH PROTEIN CONCENTRATE 

S U PP L E M E N T A T I O N  O N  F E E D  I NT A K E  A N D  S W A R D  

CHARACTERIST ICS 

Digestibil ity of Pasture 

The in vitro digest ibi l i ty of al l  sam ples was h igh ,  but i t  varied between paddocks 

(Tab le 8 . 3 . 1 )  and  showed a nega t i ve re la t ion  to pregrazi ng  herbage mass  i .e .  

digestibi l i ty decreased a s  herbage mass i ncreased. The relative ly high digestibility of 

more than 80% i n  paddock 4 i s  becau se of the new growth of pas ture with 1 800 

kgDM/ha herbage mass compared to 76% diges t ib i l i ty wi th  2700 kgDM/ha herbage 

mass  of paddock 1 .  With the exception of the d igest ib i l i ty value of Paddock 4, the 

average digestib i l i ty of pasture was in agreement wi th  those values obtained from 

pasture strata estimated in vitro . 

The samples of pasture strata were only taken from Paddocks ] ,  2 and 3 due to the low 

mass i n  Paddock 4. The resu l ts c learly showed that digest ib i l i ty of the lower strata 

within the pasture profi le was lower than that in the h igher strata. Holmes et ai. ( 1 992) 

observed that digesti b i l i ty was lowest in the sward base, and i ncreased towards the 

sward surface. The observed trends i n  the d iges t i b i l i ty of the total herbage i n  each 

strata were similar to those reponed by Clark el aL. ( l 974a,b) and O'Su l l ivan ( 1984). 

The differences in herbage quali ty between strata were due to the differences in their 

composition. The lower s trata had a lower percentage of gras s leaf and c lover and a 

h igher percentage of senescent matter and grass stem than the top s trata (Hoogendoorn 

et ai. ,  1 992). 

Although the (sheep) in vivo digesti b i l i ty data were obtained from a differen t  pasture 

than that used i n  the grazing experiment ,  the ' top ' and 'bottom ' portions were taken 

from a pasture of similar composition and mass (approx imately 2500 kgDM/ha) during 

the same period. However, the digesti b i l ity val ues of the sheep pastures were s l ightly 

lower than those measured in vitro for the cow pastures. 
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For the sheep and the cow pastures, the digestib i l ities of the top strata were higher than 

the bottom strata both es t imated by in vitro and in vivo methods (Table 8 .3 . 3) .  

However, for the sheep pastures ,  the in vivo digestib i l ity value tended to be h igher than 

the in vitro value. This was probably due to the selective eating behaviour of the sheep. 

The major factor contributing to this difference was probably due to the difficulty of 

collection of the samples that represent the actual consumption by the animals .  

8.4.1.2 Measurements of I n take 

Pasture DM i ntakes were measured by both the sward cutt ing technique and by use of 

Cr203 indigestible m arker. The sward cutt ing techn ique provided information on the 

herbage mass and, residual herbage mass and herbage al lowance, and i t  was unaffected 

by concentrate supplementation , in contrast to methods based on i ndigest ible marker 

tech nique (Mi lne e t  ai. , 1 98 1 ) . However, the sward c utt i ng  technique only gives an 

average i ntake for the whole group each day wh i le i nd iges t ib le m arker provides 

estimates of intake by individual cows for the whole period of measurement. 

Mean  pre- grazi n g  H M  of P F  and  M F  sw ards were 2 2 8 7  a n d  2 3 46 kgDM/ha 

respectively in  the range of values where DM intake is l i kely to be unaffected by HM 

(Com bel las  and H odgson , 1 979 ;  Meij s ,  1 9 8 1 ) . Com be l ia s  and H odgson ( 1 979) 

reported t hat herbage i ntake of grazi ng  cows was near m ax imum when grazing 

efficiency, defined as herbage intake expressed as a proportion of the HA, was 50% or 

less .  I n  New Zealand, Glassey et al .  ( 1 980)  reported that herbage intake by grazing 

dairy cows w as u naffec ted by herbage a l lowance of approximately 33  kgDM/cow 

dail y  and residual herbage m ass of approx i m atel y  1 5 5 0  kgD M/ha, and calculated 

grazing efficiency of 43%. Grazing efficiencies of the PF and MF cows were 28% and 

25% respectively in the present study suggest ing that herbage i ntake was not l imited 

by herbage availabil ity or res idual herbage m ass. 

the 
Herbage in takes estimated by Cr203 indigestib le marker method were sl ightly lower 

than those estimated by the difference method and were not s ignifi cantly different 

be twee n t he  two grou p s  ( 14.0 a n d  12 .8  k g D M/cow da i l y  for the P F  and MF 

respec tive l y ,  p>0 .05 ) .  However,  herbage i n takes est imated by the sward cutting 

technique were sign ificantly different be t ween the PF and MF cows ( 1 7 .5  and 1 5 .6 

kgDM/cow daily  respectively, p<O.O I ) . 
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Measurement of intake by Cr203 indigest i b le marker technique i s  largely dependent 

on accurate estimate of faecal output and diet digest ibi l i ty. I n  the present study, from 

1 2  cows i n  each group that were dosed by Cr203 slow-release capsules, only 7 and 5 

from the MF and PF cows respectively showed a cons iderable concentration of the 

m arker in the analysed faeces wh i le the others had probab ly lost their capsu les. The 

resu l t ing  est im ate of i ntake by t h i s  method was more variable than the 'cutting '  

tech nique as can  be  seen by  larger standard error (Table 8 . 3 . 5 ) .  Variations in faecal 

output est imation would have affected the est imates of intake. However, the major 

contribution to accurate estimates of i ntake by Cr203 method was that of digestibil i ty 

of the diet consumed. As  i n take est im ated by th i s  method was a function of faecal 

output divided by ( 1  - digest ib i l i ty), error in es t imat ion of faecal output would have led 

to equivalent error in intake but an error in the estimation of d igest ib i l i ty would have 

led to a proportionately larger error i n  ( I  - digest i b i l i t y )  and consequently in in take. 

In the present study, concentrates as we l l  as pas ture was fed to the MF cows. The 

digestion of one feed was therefore not i ndependen t  of the other. When a concentrate is  

fed with the  pas ture, the a v a i l a b i l i t y  of rap i d ly  fermentable carbohydrate in  the 

concen trate would be expected to modify the rumen fermentation pattern to some 

degree and this has been reported to lower the digest i b i l i ty  of the forage (Milne et al. , 

1 98 1 ) . No allowance has been m ade for t h i s  c i rcum stance when es t im ation s of i ntake 

were m ade because the ration was des igned to h ave m i n imal  effects i n  the rumen (i .e. 

relatively low proportion of readi ly  ava i l ab le  polysaccharides ) .  

8.4. 1 .3 Effect on Substitution R a t e  

The substi tu tion rate, which i s  defi ned  as the reduc t ion  in  herbage i ntake when 1 

kgDM supplement  was consumed, found i n  t he presen t  s tu dy was 0 .7 1 from cutting 

tech nique and 0.45 from Cr203 tec h n i q ue ,  whe n s upp leme n ted cows consumed 2.7 

kgDM concentrates/cow dai ly. The subs t i tu t ion rates for cows g iven generous herbage 

al lowance varied between 0.03 and 0 . 7 9  kgO M/kg concentrate D M  eaten (Jennings 

and Holmes, 1 984; Meij s and Hoekstra, 1 9R4; Arriga-Jordan and Holmes, 1 986; Meijs ,  

1 986; S takelum, 1 986a,b,c) .  The varia tion i n  subst i tu t ion rates between s tudies have 

been attributed to differences i n  herbage digest i b i l i ty ,  leve ls  of concen trates feeding, 

restricted access  to herbage caus i n g  low herbage i nt ake .  
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Meijs and Hoekstra ( 1984) suggested that the effect of concentrate feeding on herbage 

in take of grazing  cows depends largely on the level of dail y  herbage a l lowance. The 

present study was not designed to compare the effects of either the levels of herbage 

allowance or the levels of concentrates supplements on herbage in take . However, when 

dairy cows were generously fed ( 3 3  kgDM/cow dai ly  herbage D M  allowance), and 

given approximate 3 kgDM concentrates i ntake (at an approximate herbage i ntake of 

unsupplemented cows of 1 5 .5 kgDM/cow daily which is simi l ar to the present study), 

Meijs and Hoekstra ( 1984) and Grainger ( 1 987) fou nd substitution rates of 0.79 and 

0.69 respectively .  

8.4. 1 .4 Effect on Residual Herbage M ass 

S ince res idual herbage m ass is the consequence of the difference between pre-grazing 

herbage m ass  and herbage i n take,  i ncreases in res idua l  h erbage mass of the M F  

treatment would b e  expected and were presumably  caused b y  reductions i n  herbage 

i ntake due to concentrate supplemen tat ion.  I ncreases in residual herbage mass would 

also al low animals  to con sume  forage of h igher d iges t i b i l i ty from the upper strata. 

Residual herbage mass was i ncreased by concen trate feeding in the presen t  s tudy ( 1 49 

kgDM/ha) ,  a l though the  i ncrease was not s ta t i s t ica l l y  s ignificant .  This effect of 

supplementation on RHM has been observed by several workers (Stockdale and Trigg, 

1 985;  S takelum, 1 986a; Grainger, 1 987 ;  Suksom bat, 1 988) .  

Grainger ( 1 987), at  an allowance of  33  kgDI\1/cow dai ly ,  reported substi tution rate of 

0.69 kgDM/ kg concentrate OM eaten and consequently supplemented cows left 1 1 1  

kgDM /h a R HM h igher  t han u n s u pp l emen ted cows  when  3 . 2  k g D M/cow dai l y  

conce n trate was eaten by  s upp l emen ted cow s .  The res u l t s  o f  the  p resen t  s tudy 

corresponded well with those of Grainger ( 1 9K7 ) ,  



8.4.2 

8.4.2.1 

EFFECT OF H IGH PROTEIN CONCENTRATE 

S UPPLEMENTATION ON ANIMAL PERFORM A NCE 

Yields of Milk, Milk Fat, Milk Protein and Milk Lactose 

242 

The objective of the present study was to determine the effects of a high protein and 

rel atively low degradabi l i ty concentrate s upp lem e n ted  to grazin g  dairy cows at very 

h i gh herbage a llowance of w i n te r  pas tu re o n  a n i m al perform ance . A l though most 

experiments have always reported the response in tenn s of kg milk per kg concentrate 

D M  eaten ,  the response i n  t e rms  of kg m i l k  pe r k g  e xt ra  D M  eaten w i l l  a lso be 

considered i n  the fol lowing d i sc u s s ion  s i nce i t  w i l l  g i ve a measure of the response 

which can be in terpreted in biological term s .  

I n  the  present study, supplemen ta t ion  w i th t he  h igh protei n  meal i ncreased the yields 

of mi lk ,  m i lk  prote in  and m i l k  l ac tose  i n  both  Per iod 1 and I I  whi le  mi lk  fat was 

i ncreased onl y  in Period 1 .  The cow s , w h ic h  consumed 2 .7  kgDM as concentrates, 

produced 1 0% and 1 3% more m i lk t h an u n s u p p l e m e n ted  cows,  in Periods I and II 

respectively .  The mean response to 1 kgD M conce ntrate consumption was 0.82 and 

1 .03 kg mi lk  in Periods I and II respec t i v e l y ,  w h i c h  were m uc h  h ig h er than t hose 

reported by Leaver et al ( 1 968) .  

In the experiments reviewed by Leaver C l  a! ( 1 968) .  the mean response in  mi lk yield 

was 0.32 kg/kg concentrate consumed. Journet and Demarq u il ly ( 1 979) reviewed ten 

experiments w here cows were i n i t i a l l y  y i e l d i n g  over  25 k g  m i lk/day , were given 

concentrate supplement. The m ean  res ponse was 0.4 kg m ilk/kg additional concentrate. 

Those results were obtained from experiments  vary ing  i n  type of concentrates ,  level of 

concentrate feeding  and level of pas tur e  a l lmvance . The concentrates used in the 

p resent  exper iment  were p ro t e i n - r i c h  and of l ow p ro te i n  degradabi l i ty .  When a 

comparison i s  m ade with experi m e n t� t ha t  u s ed protected prote in or low-degraded 

protein concentrates (Wi lson, 1 970; W il son and B rookes ,  1 975 ;  Wil son et al. , 1 985) ,  

the responses were s imi lar to the pre s e n t  s tudy .  W i l so n  er ai .  ( 1 985) supplemented 

low - degraded protein meal  ( 1 90 gCP/k g D M )  to graz i n g  cows and found that the 

response to 1 kgDM concentrate was 0.86 kg m i l k .  
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Rogers et al. ( 1 983 )  reviewed 8 experiments where p rotein  (from lupins,  soyabean 

meal , sunflower seed meal and cotton seed meal) or energy (from Oats and Barley) 

concen trates  were sup p l e m e n ted to da i ry cows  and  reported that ,  4 ou t  of 8 

experiments showed greater responses to protei n  than energy (ranging from 0.3 to 1 .0 

kg m ilk/day) concentrates. They suggested that the increased yield of cows fed protein 

supplements could be accounted for by thei r  i ncreased i ntakes. 

When the response i n  m i l k  yield is expressed per kg extra D M  actual ly  eaten (extra 

concentrate minus reduc tion in pasture i ntake) ,  th i s  represents 3 . 1 and 1 .5 kg of mi lk 

per  kg e x tra  feed DM eaten when  these were me as ured by c u t t i n g  and Cr203 
techn ique respectively. From feeding tables  i t  m ight  be expected that 1 kg meal, which 

should provide approximate ly 1 2  MJ ME wou ld i ncrease m i l k  y ie ld by about 2 kg if al l  

the energy was u sed for m i l k  produ c t i o n . The response obtained are therefore very 

h i gh  and  s uggest  that  t he  qua l i ty of t h e  ra t i on c o n s u m ed by the  M F  cows was 

improved relative to the PF ration. 

In an experiment  by Grainger ( 1 987 ) where grazing  dairy cows were given a high 

pasture allowance (33 kgDM/cow dai ly) and consumed 3 kgOM/day of concentrate the 

response of mi lk  yield to 1 kg extra OM c o n s u m ed was 0.99 kg, a figure which is 

below the responses est imated in the presen t  s t udy from the two methods. 

The rela t ive ly smal l  response in m i l k  y i e ld  to supp l emen tary concentrates when 

expressed as kg mi lk/kg concentrate OM eaten, compared with response from � 
feed D M  eaten i s  due to the fac t  that w h e n  concen trates were eaten the in take of 

herbage decreased therefore the anima l ' s  tota l i n take of O M  was i ncreased by less than 

the quan t i ty  of concen trate eaten .  I n  t h e  pres e n t  s tudy ,  t he  total O M  i n take of 

supplemented cows increased by 0.7 and 1 .5 kg, representing 0.26 and 0.56 i ncreases 

i n  total D M  i n take/kgDM concen trate w h e n  pasture i n take was est imated by cutting 

and Cr203 methods respectively . 
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Table 8.4 . 1  Changes i n  i n take of pasture per unit  of addi tional concentrate 

expressed as kgOM/kg concentrate O M  eaten, and changes i n  milk 

yield per kg  extra feed OM eaten. 

References Response (kg milk) 

lh Ie It S r  
per kg per kg 

£Q!!£. extra 

D M  eaten D M  eaten 

Present study 

' Cu tt ing '  1 7 . 5  2 . 7  I S . 2  0.7 1 +0.26 +0. 8 1  +3. 1 4  

' Cr203' 1 4.0 2 .7 1 5 . 5  0 .45 +0. 56  +0.8 1  + 1 .47 

Jennings and 1 2.6  4 .0 1 6. 5  0.03 +0.97 +0.52 +0.53  

Holmes ( 1984) 1 2.6  4 .0 1 6. 2  0 . 1 3  +0.87 +0.67 +0.74 

1 2.0 5 .0 1 6. 4  0. 1 5  +0.85 +0.42 +0.48 

1 2 .0 5 .0 1 5 . 7  0.32 +0.68 +0.48 +0.65 

Arriga-Jordan 1 8 . 1 6.0 2 1 . 2 0.36 +0.64 +0.5 2  + 1 .00 

and Holmes 1 5 . 3  6.0 1 9 .4  0. 1 3  +0. 87 +0.50 +0.73 

( 1 986) 

S tockdale and 8.0 1 . 8 9 .9  0 .00 + 1 .00 + 1 .60 + 1 .5 1 

Trigg ( 1 985)  1 0 . 6  1 . 8 1 0. 7  0.94 +0.06 + 1 . 20 0.00 

8 .0 3 .6 1 1 .6 0 .00 + 1 .00 +0.78 +0.78  

10 .6 3 .6 1 2 . 6  0 .43 +0.57  +0.8 3  + 1 .45 

8 .0 6 .3  1 2 . 8  0.23 +0.77 +0.70 +0.92 

10 .6  6.2 1 4 .9  0.30 +0.70 +0.5 5  +0.82 

S takelum ( 1986a) 1 2 . 8 3 . 2  1 5 . 1  0.59 +0.4 1  +0.6 1 +0.85  

1 6.9 3 . 2  I S . 2  0 . 28 +0 . 7 2  +0.2 2  +0. 54 

S takelum ( 1986b) 1 2 . 2 3 . 5  1 4 . 4 0 . 37 +0.63 +0. 28 +0.47 

S takelum ( l 986c) 1 1 .9 3 . 8  1 5 . 1  o . : n  +0.67 +0.50 + 1 . 38  

Grainger ( 1 987) 6. 1 3 . 2  9 . 3  () . OO + 1 .00 +0.97 +0.97 

(Grainger and 1 1 . 8  3 . 2  1 4 . 2  0.27 +0.7 3  +0.69 +0.92 

Mathews, 1 989). 1 5 .9 3 .2 1 6 .9 0.69 +0. 3 1  +0 . 3 1 +0.99 



(Table 8.4.1 continued) 

Suksombat ( 1 988) 1 1 . 8  6 . 7  

1 2.2 6 .7 

Robinson and 1 0.8  3 .6  

Rogers ( 1 983)  1 4. 5  3 . 5  

Rogers and 1 1 .6  5 .9 

Robinson ( 1 983) 

1 6 . 7  

1 5 .7 

1 4 .3 

1 6.9 

1 5 .7 

-".�,�-"�-- .�--

0.27 +0.76 

O.4B +0.56  

0.03 +0.97 

0.3 1 +0.69 

0.47 +0.69 

, .--.. -���-�---- --

+0. 33  

+0.48 

+0.50 

+0.03 

+0.68 

Ih = Herbage DM i n take by unsupplemented cows (kg/cow daily) .  

Ic = Concentrate O M  i n take by supplemen ted cows (kg/cow daily) .  

I t = Total DM by supplemented cows (kg/cow dai ly ) .  

Sr = S ubstitution rate (kgDM/kg concentrate O M  consumed) . 

Ia = Changes in  total  DM i n take ( kgDM/kg concentrate OM consumed).  
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+0.45 

+0.92 

+0.50 

+0.04 

+0.98 

An animal ' s  response to s upplementary feed ing  has  been shown to depend largely on 

the overal l  feeding level and on t h e  i n i t i a l  herbage i ntake of unsupplemented cows 

(Leaver et  al. , 1 968 ;  Bryant, 1 97 8 ;  S tockdale Cl aL. , 1 98 1 ;  Bryant and Trigg, 1 982; 

Stockdale and Trigg, 1 985 ;  Phi ll ips  and Leaver, 1 98 5 a,b; S take lum,  1 986a; Grainger, 

1 987). Grainger ( 1987) ,  for example ,  reported the response i n  m i l k  yield of 0.69 kg to 

1 kgDM concentrate eaten  w here u n s u pple m e n ted cows consumed an average 1 5 .9 

kgDM of herbage and the mean total O M  in take of s upplem e n ted cows was 1 6.9 kg. 

A t  comparable herbage D M  i n t ak e  u n s u p p l em e n te d  c o w s of 1 5 . 6  kg ( cu tt in g 

technique) and total D M  i n take of supplemented cows of 1 8 . 2  kg,  the  mean  response in 

milk yield to concen trate supplemen tat ion in  the presen t  study was 0.82 kg  milk/kgDM 

concentrate. However, when the responses are ex pre ssed i n  tenns of kg milk/ kg extra 

D M  eaten ,  the response i n  t h e  presen t  s tudy i s  h i gher than  tha t  of Grainger ( 1987), 

repre senting 3 . 1 and 0.99 kg of m i l k  per kg  ex tra OM con sumed respect ively . 

I n  addition to the increases i n  m i l k  y ie ld .  y ie lds  of m i l k  fat ,  m ilk  protein and m ilk 

l actose in  the present  study were a l l  i nc re a s ed by conce n t ra te  supplementation 

especial ly in Period I. The mean res ponses were 26 g m i l k  fat, 26 g milk protein and 

30 g milk lactose per kg concentrate O M  ea te n .  The i ncreased yie lds of these milk 

components by concentrate supplemen tat ion were due to i n creases i n  milk yield since 

concentrate supplementation had no effect on concen trat ions of m i l k  composition. 
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In  the present study the differences in m ilk yield between treatment groups still existed 

after 2 weeks without any concentrate feeding. However, the corresponding  difference 

in yields of milk fat and milk protein had disappeared by this time (Table 8 .3 .7).  The 

residua l  effe c t  pers i s ted i n  the present  s tudy probably due to the fac t that  the 

s u p p l e m e n te d  c o w s  g a i n ed m ore w e i g h t  and b ody c on di t i o n  score t h an t h e  

u n  supplemented cows a n d  probably mobi l i sed energy deposition i n  the later stage. 

After the experimental period all cows were fed with the m ain  herd with a decreased 

allowance, this change in plane of nutrition may also account for the disappearance of 

carryover effect. 

8.4.2.2 Composition of Milk 

The high protei n  (low prote in  degradab i l i ty )  conce ntrate supplementation had no 

significant effect on the concen trat ion s of m i l k  cons t i tuents in  the present study (Table 

8 .3 . 8) .  Although some experiments have shown the  effect s  on m ilk composition to be 

small (Leaver et al. , 1 968), or to be abse n t  (Joh n son,  1 977 ;  S llksombat, 1 988),  m any 

others have reported depressions in fat  concentrat ion w i t h  concentrate supplementation 

(Jennings and Holmes, 1 984; Arriga-Jordan and Flolmes, 1 986; S takelum,  1 986a) . The 

depression i n  mi lk  fat concentration when concentrates were fed was probably due to 

an increase i n  supply of g i llcogen ic  precursor s  i n  t h e  form of propionic acid and a 

decrease in supply of lipogen ic p recursors,  name ly  acet ic  and butyric acids (Sutton, 

1 98 1 ), due to changes in  rumen fem1cn tat ion .  

Although there were no significant effects of concentrate feedi n g  on the concentrations 

of mi lk constituen ts, both a high a l lowance and concen trate feeding tended to cause 

small changes i n  the concentrations of  m i l k  fat and mi lk  prote in  compared with the 

levels present prior to the start of supplementation (decreased fat from 4.74% to 4.28% 

for the PF cows and from 4 .36% to 4. 28 for the  M F  cows,  increased mi lk protein 

concentration from 3 .0 1  % to 3 .70% for the PF cows and from 3 .03% to 3 .68% for the 

MF cows, Table 8 .3 .8) .  The concentrations  of m i l k  l actose were also slightly increased 

in both groups .  
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The i ncreased protein concentration w a s  p robably  due to the i ncreased supply of 

g lucogen ic  precursors (propionic a c i d s )  w h e n  the  cows were given a very high 

allowance and/or high protein concen trate. An i ncrease in supply of propionic acid has 

been i ndicated to s timulate the synthesis of mi lk  protein in the infusion s tudies, thereby 

causing an increase in protein concentrat ion (Rook and Balch, 1 96 1 ) . 

I n  New Zealand, Bryant ( 1980) also reported increases i n  concentration of milk protein 

(from 3 . 3 1 to 3 .4 1 %) with i ncreasing level of feeding ( increased herbage allowance 

from 26 to 40 kgDM/cow daily) ,  however, further i ncre ases i n  herbage allowance to 50 

kgDM/cow dail y  had no effect on concentration of m i l k  prote in .  Similar observations 

have a l so been reported by G la s s e y  ct al .  ( 1 9 8 0) w h e n  h e rbage a l lowance was 

i ncreased from 1 3 .5 to 33.2 and 5 2 . 7  kgDM/cow dai ly w i t h  corresponding to i ncreases 

i n  herbage i ntake from 9 . 6  to 1 4 . 3  and 1 6 . 3  k g D M/cow d a i l y  and mi lk  p rotein 

concentration from 3 .36 to 3 .64 and 3 . 7 1 cli ,  

If  the mi lk price also rel ies on m i l k  prote i n  concentration and hence mi lk protein yield, 

the feeding of very high allowance e .g .  50-60 kgDM/cow daily  would give the greater 

m i lk protein than the present  n ormal  pract ice w i t h  feedi ng  at a common a llowance . 

However, the economic aspect should be taken i n to accoun t  before the decision was 

m ade. One promising method is tha t  of adopt ion of the leader and fol lower grazing 

system where the h igh produc i ng cow s were fed at very h i g h  allowance and the low 

producing  cows grazed after the  high produc ing  cow s .  Research to adopt such systems 

i s  needed and should compare i n  tenm of economic return.  

8.4.2.3 Liveweight and Condit ion Score 

A lthough the final l iveweight at the end of Period I between the MF and PF cows was 

not s tatistically  significantly differen t ,  the MF cows tended to ga in  more weight and 

body condition score than the PF cows Cra ble � . 3 .9 ) .  The s u p plemented cows (MF) 

gained on average 880 g/day l ivewe ight  and 0 . 1 � un i t  body condition score more than 

the un supplemented cows (PF). 
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The response i n  l iveweight change due to supplementation in the present study was 

326 g/kgDM concentrate eaten, which was higher than the response obtained in other 

studies averaging 1 06 g/day (Suksombat, 1 988 ;  Jennings and Holmes, 1 984; Stockdale 

and Trigg, 1 985) .  

8.4.3 P O S S I B L E  R E A S O N S  F O R D I F F E R E N C E S  B ET W E E N  

TREATMENTS I N  PER FORM ANCE 

I t  seemed l ike ly  from the  above s ec t i o n s  t ha t  a greater i n take of ME could not 

complete ly exp lai n  the extra prod u c t i on ( m i l k a n d  l iveweight gain )  obtained by 

supplementation. The calculated supp l ies  of RDP to both the PF and MF cows were 

simi lar whereas the supplies of U D P  and ME to the M F  cows were greater than to the 

PF cows (Table 8 .3 . 1 0  and Table  8 . 3 . 1 1 ) . When cons idered the  ratios of RDP/ME both 

groups had higher ratios (rangi ng from 1 5 . 6  to 1 6 .0 g/MJ ) than the ratio of 8 . 1 glMJ 

suggested by ARC ( 1 984) .  This s uggested tha t  the supplies of RDP were more than 

enough to m eet the nitrogen req u irement  of the  rumen microorganisms .  However, the 

possibility of a s lightly higher supply of energy (in the rumen) from concentrate for the 

supplemented cows may have led to a h igher  product ion of microbial protein which 

should be available as a source of l im i t i n g  am ino acids or e nergy . 

The higher mi lk  y ield produced by the  s u p p l emen ted cows could also be due to an 

increased supply of U D P  (250- 300 g/day:  Tab le 8 . 3 . 1 2) from the high protein (low 

degradability) concentrate. 

The M E  avai l ab le  above m a i n t e n an c e  e s t i m a t e d  b y  c u t ti n g tech n ique  w as 1 3  

MJME/day higher i n  the suppleme n ted cows than in  the unsupplemented cows (Table 

8 .3 . 1 1 ) .  This should account for approximate l y  2 .6  kg ex tra mi lk  produced per day and 

was s imi lar to the difference i n  m i l k  m e a s u re m e n t  ( 2 . 2  kg/day) p rovided that no 

change in l iveweight occurred. I f  a h a l f  of ex t ra M E  avai lable above maintenance 

p artitioned to mi lk  and the o t h e r  h a l f  to l i ve w e i g h t  with no differen t  change in  

liveweight, extra 6-7  MJ ME/day s h o u ld acc o u n t  for o n l y  1 . 2 - 1 .4 kg of extra milk 

yield. In the pre sent  experiment  the s u p p l e m e n ted cows gained approximately 800 

g/day more weight and 0. 1 8  units condi t ion score than  the un supplemented cows. 
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The differences i n  M E  available above maintenance estimated by Cr203 method was 

21 MJME/day higher in the suppleme n ted cows. If a half of extra ME available above 

main te nance p arti tioned to mi lk  and  another  h a l f  to l iveweight  provided that no 

difference in  liveweight was measured due to short period of experiment, extra 1 0  

MJME/day s hould account for 2 k g  of extra m i l k  yields w hich were similar to the 

measured difference in  mil k  yield between the PF and the MF cows. Again there were 

differences in liveweight gain between the M F  and PF cows. 

If the performance parame ters  ( m i l k  y ie ld, com po s i t ion  and l i ve weight gain)  were 

measured accurate ly as d i s c u s s ed above ,  one poss i  b l e  reason to  explain the higher 

differences in performance than which could have been expected from differences i n  

ME avai lable above main te nance i s  probabl y  that t h e  h igher 250-300 gUOP/day in  the 

supplemented cow s whatever m e thods of mea s ur e m e n t  w e re applied would have 

improved the efficiency of ME u t i l i sat ion a bove m ai n tenance.  This is supported by a 

slightly higher ' apparent efficien cy ' of LI se of M E  for the M F  cows than the PF cows 

(Table 8 .3 . 1 1 ) .  Alternatively, the s u rp l u s  supp ly  of UOP over the requirement (Table 

8 .3 . 1 2) m ay have been u se d  by a n i m a l s  as a n  e nergy s ou rce  to produce the extra 

production.  

However, i t  i s  in teresting to note that  the  exper imental  peri od was short l asting for 

only two weeks (Period I ) . Meas urements  of unfasted l iveweight  and condition score 

are too variable. It is especially diffic u l t  to exp la in  the responses observed, where the 

average app arent  liveweight ga in  of 23 and 1 0 . S  kg/cow over 1 4  days experimental 

period, representing 1 .6 and O.? k g/cow dai l y  and was assoc iated with a gain of 0.26 

and 0.08 units of condition score in the MF and PF cows respect ively. The practice of 

measuring liveweight and condi t ion score over such short periods of time i n  grazing 

experiments must be questioned. 

S hort term changes in OM i ntake  and m i l k  y ie ld ,  and i n accurate estimates of short 

term liveweight changes probably accou n t  for some of the di screpanc y between the 

estimated and the expected milk energy outpu t .  

I f  th i s  i s  the  case, t h e  h igher m i l k  y ie ld  i n  the MF cows could be  explained by  the 

increased ME available w ithout any effect of the prote in  in the concentrate. 
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8.S CONCLUSION 

1 .  A major contribution to extra mi lk y ield from the supplemented cows i n  the present 

study was obviously due to the extra M E  i n take and hence extra ME available 

above maintenance. 

2 .  The estimations of pasture in take by the cutting and Cr203 methods gave variable 

resul ts ,  bu t  in both cases  t h e  M F  cows a te l e s s  pas tu re than the PF cows .  The 

substitution rate varied between 0.4 and 0.7 .  Thus  the M E  i n take were 1 2-22 MJ 

higher for the MF cows. The na ture of the supp lement  was clearly favourable to 

total i n take and apparently did not detri menta l l y  affect nOlllla l  rumen fermentation 

as j udged by the high production response. 

3 . There was also a greater i ncrease i n  product ion than could be accounted for by ME 

i n take. That i s  the efficiency of use of M E  above mai n te nance was higher for the 

MF cows. This may have been as soc iated wi th  the markedly h igher intake of UDP 

by this group of cows. 



CHAPTER 9 

FEED PLANNING FOR SMALLHO LDER D A I RY F A R M  IN THAILAND 
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9.1 INTRODUCTION AND OBJECTI V ES 

Dairy production in  Thailand has a significant potential for development because of its 

large population of some 65 mil l ion people and hence a large internal market. Today 

the dairy farmers of Thailand only supply 1 5 . 5% of total consumption with 84.5% 

com i ng from reconstituted m i l k  powder imported from overseas.  The present total 

da iry c at t le  p op u l at ion  i s  1 0 1 , 286  head w i t h  44,450 cows i n  m i l k  produci ng  

approximately 357  tonnes of raw mi lk/day (OAE, 1 99 1 ) . The national average milk 

production per cow i s  approximately 8 kg/day for 300 days lactation, but in  the central 

areas where farmers have more experience, the average daily  mi lk production per cow 

is as high as 1 0  to 1 2  kg. 

The majority of Thai dairy farmers are smal lholders, con tributing 80% of the total mi lk 

volume, with an average herd size of 5 - 1 0  mi lk ing cows and an average effective area 

of 4 hectare. The present system of calv ing i s  on a monthly calv ing basis throughout 

the entire year. This inevitably forces the dai ry farmers to rely heavily on expensive 

concentrates to maintain mi lk  production part icularly during the dry season. The cost 

of concen trates has been reported to be the biggest component (60%) of the 'on-farm ' 

variable costs i . e .  concentrate, fert i l i ser, a n i m a l  hea l t h ,  l abour and others (Pravee, 

1 987 ) .  A further prob lem,  w h ich  i s  a s sum i n g  i ncrea s i ng  s ignificance, is that of 

overstocking as many farmers are carry i n g  too many young and replacement s tock 

which together with the milking cows totals 5 to 6 an imals per hectare. This can lead to 

serious overgrazing in the dry season when pasture growth i s  v i rtual ly zero (Figure 

9. 1 ) .  

Many regions of Thailand have a 6 to 7 months rain y  period fol lowed b y  a dry and 

often cool season (Figure 9.9) when growth of pasture forage is l imited and often ni l .  

S uch periods of pasture s hortage force farmers to li se expen s i ve concentrates as a 

means of feeding their cattle .  However, farmers could reduce this expensive reliance 

on concentrates if they gave greater at te n t ion to i m prove and increase pasture 

product iv i ty as  s hown by  Lekchom e l  ai .  ( 1 9 8 9 ) .  For those farmers with water 

avai lab le  for i rr igation there i s  a l so a s i g n i fi c a nt poten t ia l  for main taining m i lk 

production from i rrigated pasture or by the use of al ternative ,  fas t-growing forage 

crops such as maize and sorghum hybrids for that period. If water for irrigation i s  not 

available, then the farmers must conserve more pasture as si lage during the periods of 

rapid growth in the rainy season. 
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Under the relatively high rainfall and high temperature of the tropics (Figure 9.9), the 

quantity of forage grown per uni t  area for l ivestock can be very high under adequate 

soil fertil i ty .  However forage qual i ty tends to be relatively low and represents one of 

the major problems of the tropics. With in this 6 to 7 months rainy season, it is not 

difficu l t  to produce 1 5 ,000 to 1 8 ,000 kg pasture dry m atter per hectare with only  

medium i nputs of  ferti l iser (Watkin,  1 992) ,  but  the  real problem i s  one  of  pasture 

management to ensure that the forage i s  uti l i sed and control led in  order to m aximise 

the quantity of green, leafy pasture of h igh quality. Furthermore, the surplus pasture 

produced duri ng  the rainy  season can be conserved for feeding  out during  the dry 

period. 

S ince the natural forage supply  comes i n  very discrete seasonal patterns and is not 

di s tr ibu ted e ven ly  month by month  ( Fi gure 9. 1 ) , farmers m u st  also cons ider the 

wisdom of their present system of calv ing cows throughout the year and examine the 

poss ib i l ity of changing  their calv i ng  pattern to seasonal calving .  This  would mean, 

calving most of the cows near the start of the rai ny eason i .e .  the period of abundant 

fresh forage, and having them dry dur ing the dry c l imatic period when forage is scarce 

and the animal requirement is for maintenance only ( seasonal m ilk production). 

The aim of this chapter is to provide an outl i ne of feed plann ing throughout the year 

for smallholder dairy farms in Thai land i .e .  try to match the feed supply with the feed 

requirement of the stock. The present report proposed two alternative feed plans, one 

for monthly calving throughout the ent i re year and the other for seasonal calving. 

Some assumptions were made to fac i l i tate the in terpretation of this report. 

9.2 ASSUMPTIONS 

1 .  I n  the present report, feed requirement have been calculated based on the ARC 

( 1 980, 1 984) .  The metabol isable energy requ i rement  was calculated and then 

expressed as kgDM of the feeds ( M J M E/( M/D» . Feed requirements were for a 

Friesian and Native crossbred cow we igh i ng about 400 kg and producing about 

3600 kg mi lk per lactation (OA E, 1 99 ] ;  DPO, 1 99 1 ) . 



253 

2. The total effective area of the farm was approximately average 4 ha (OAE, 1 99 1 ). 

3 .  Only the mi lking and dry cows ( total of 1 5  cattle) were carried on the farm. The 

number of m ilking and dry cows, and dai ly milk production/cow in each month are 

presented in  Table 9.2. 1 .  Although the carrying capacity of Thai dairy farms varies 

widely,  ranging from 2.5 to 5 .5  an imals/ha (Kanjanapruthipong et al., 1 990) the 

most common stocking rate would be around 3 to 4 animalslha including mi lking 

cows, dry cows and young stock. For the typical Thai dairy farm of 4 ha this would 

represent a total of 1 2- 1 6 anima l s .  In th i s  com parison only the milking and dry 

cows ( 1 5  animals) are canied on the farm with young stock being grazed elsewhere 

- as i s  the increasing practice of the better Thai falmers. 

4. The grazing season was from 1 6th Apri l  to 1 5 th November i .e .  the rainy season. 

For the rem ainder of the year the an imal s  were kept and fed in a penned area 

adjacent to the m ilking shed. 

5 .  Feeding of concentrates to m i lking cows was considered to  be  1 kg  of concentrate 

per 3 kg of milk (Lekchom et al. , 1 989)  when pasture was a basal diet and 1 kg of 

concentrate per 2 kg of mi lk  to correct for lower M E  concen tration of si lage than 

pasture when si lage was fed as a basal diet .  Dry cows were fed concentrate at 1 kg 

dai ly .  

6. Crude protein concen trat ion and es t im ated ME concentration of the feeds are 

presented in  Table 9 .2 .2 (obtained from experiments  i n  Thailand; Chapter 4 and 

Chapter 5) .  

7.  The daily pasture OM growth rates were obta i ned from a series of experiments 

carried out at the Dairy Farm ing Promotion Organi sation of Thailand (DPO) during 

the 1 988 and 1 989 seasons (Hongyantarachai et aI., 1 992; Witayanuparpyuenyong 

et al. , 1 992;  S akpitaksakul  et  al . ,  1 992a,b) .  Al though the recorded daily pasture 

growth in these references ranged from 60 to 1 00 kgDM/day, due to variations in  

pasture species used, in grazing i n terva l s  and i n  grazing efficiency, the average 

figure of 80 kgDM/ha dai ly reported by Hongyantarachai et ai. ( 1 992) was adopted 

and considered to fairly represent pasture growth rate throughout the rainy season. 
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8. Under grazing conditions, the u t i l i sation of pasture grown was considered to be 

70% i.e. 30% of growth was not eaten (Hongyantarachai et ai. , 1 992). 

9. As with grazing, the harvesting losses plus storage losses of si lage DM were also 

considered to be 30% (Skerman and Riveros, 1990) . 

Table 9.2. 1 Number of milking and dry cows (head), and mi lk production (kg/cow 

dai ly) in each month for rhe  two patterns of calving.  

Monthly Calving Pattern Seasonal Calving Pattern 

Milking Milk Dry Mi lking Milk Dry 

Cows Yield Cows Cows Yield Cows 

APR 1 3  1 2  2 1 5  1 2  0 

MAY 1 3  1 2  2 1 5  14 0 

JUN 1 3  1 2  2 1 5  16  0 

JUL 1 3  1 2  2 I S  I S  0 
AUG 1 3  1 2  2 1 5  1 3  0 

SEP 1 2  1 2  -. 1 5  1 2  0 J 

OCT 1 2  1 2  3 1 5  I I  0 

NOV 1 2  1 2  -. 1 5  10 0 J 

DEC 1 2  1 2  -. 1 5  9 0 J 

JAN 1 2  1 2  .., 1 5  7 0 J 

FEB 1 2  1 2  .., 0 0 1 5  J 

MAR 1 3  1 2  2 0 0 1 5  

Kg/cow 3650 3650 

Kg fat/cow 146 1 46 

Kg fatlha 548 548 



Table 9.2.2 

Crude protei n  
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A verage crude prote in  ( ) and est imated M E  concentration of the 

feeds (MJ/kgDM) .  

Pasture Si lage Concentrate 
* 

1 2 .0 1 7 .0 

8 .0 22.0 

Est imated ME concentration 9 .0 8 .0 1 1 .0 

"��-.�---.. � 

* 
Two concentrates :  one with h igher %CP fed wi th  s i l age. 

9.3 A NALYSIS OF FEED PLANS 

9.3.1 FEED PLAN FOR MONTH LY CALVIN G  PATTERN 

S upp l ies  and requi rements  of tota l  fee d  and  i n d i v id u a l  com ponen ts of the feed per 

hectare, are presented in Table 9 . 3 . 1 and  are i l l u s t rated in  F igures 9 . 1 and 9 .2 .  Total 

feed requi rement  by the m i lk i n g  and dry cows  was  1 7 . 4  tonnes  D M/ha annual ly  

whereas the pasture DM grown w a s  1 6. 8  t/ha annua l l y .  I t  appears that i f  no supplement 

was p urchased, there would be a defi c i t  of approximate ly 0.6 tOM/ha of pasture DM to 

meet the requirement of the s tock .  If the losses for u t i l i sa t ion (approximately 30%) was 

taken i nto account ,  the pasture O M  ava i l a b le was on ly  1 1 . 8  tOM/ha, i ncreasing the 

defi c i t  to 5 .6  tDM/ha .  I n  the p resen t  feed  p l a n ,  however ,  6. 3 tDM/ha of balanced 

concentrate were fed to supplement the  s tock at v arious  level s  depending  on the s tage 

of l actation. Therefore, there would have been a surp lu s  pasture D M  of approximately 

4.6 t/ha ( 1 1 .8 tDM/ha of pasture ava i lab le  m i n u s  7 . 2  tOM/ha of pasture i n take) during  

the rainy season to  be  conserved as  s i l age and  t hen  be fed out during the dry season . 

The calculated requ irement of s i l age OM was 3 .9 t/ha and t h i s  allowed approximately 

1 6% for D M  losses during feeding  out (S kerm an and R iveros, 1 990; after losses due to 

harvest ing and ens i l ing has been taken i n to accoun t  a n d  were assumed to be 30%; See 

Section 9.2) .  
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Table 9.3. 1 Monthly calving:  Dai ly pasture grown, total feed requirement and feed 

intake (Kg DM/ha), and total quantities for a 4 ha fann . 

KgDM/ha Dai ly  

Total Net l /  Total 

Pasture Pasture Feed Pasture S ilage Concentrate 

Grown Ut i l i sed Required I ntake In take In take 

APR ( 1 )2/ 0.0 0.0 5 1 . 1  0.0 29 . 3 2 1 . 8 

APR (2) 80.0 56.0 46. 1 3 1 . 5 0.0 1 4.6 

MAY 80.0 5 6.0 46. 1 3 l . 5 0.0 1 4.6 

JUN 80.0 56.0 46.5 3 1 .9 0.0 1 4.6 

JUL 80.0 56.0 46.5 3 1 .9 0.0 1 4.6 

AUG 80.0 56 .0 46 .5  3 1 .9 0.0 1 4.6 

SEP 80.0 56.0 45.7 3 1 . 1  0.0 1 4.6 

OCT 80.0 56.0 45 .7  3 1 . 1  0.0 1 4.6 

NOV ( 1 )2/ 60.0 42.0 45 .7  3 1 . 1  0.0 1 4.6 

NOV (2) 0.0 0.0 50.3 0.0 28.5 2 1 .8 

DEC 0.0 0.0 49.9 0.0 28. 1 2 1 .8 

JAN 0.0 0.0 49.9 0.0 28 . 1  2 1 . 8 

FEB 0.0 0.0 49 .9 0.0 28. 1  2 1 .8 

MAR 0.0 0.0 5 1 . 1  0 .0 29 . 3 2 1 .8 

TOTAL (tonnes!ha) 1 6.8 1 1 . 8 1 7 .4 7 .2  3 .9  6.3 

TOTAL 67 .2  4 7 . 2  69 . 6  2 8 .9 1 5 .5 25.2 

QUANTITIES (tonnes) 

SURPLUS PASTURE to be Con served 1 8 . 3  

as S i lage (tonnes) 

1 /  = After 30% allowance was m ade for losses due to senescence. 
2/ = Denotes 1 st and 2nd halves of t he mOl1 t h .  
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� Net Postl.l"e Utilisotion 

• T otol Feed Requirement 

APR APfU.AY IIAY .IJN .IJN JUL JUL AUG AUG SEP SEP OCT OCT NOV NOV DEC DEC JAN JAN FEB FEB MAR WAR ( 1 )  (2) ( 1 )  (2) ( 1 )  (2) ( 1 )  (2) ( 1 )  (2) ( I )  (2) ( 1 )  (2) ( 1 )  (2) ( 1 )  (2) ( I )  (2) ( I )  (2) ( 1 )  (2) 
MON T H S  

Figure 9. 1 Monthly calving :  D ai ly  p asture grow n  and total feed requiremen t  

(kgDM/ha) [ ( 1 )  and  (2 )  i ndicate 1 st and 2nd halves of  t he  month 

respectively] . 
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Figure 9.2 Monthly calving: Daily total feed requirement (solid l ine), and in takes 

of pasture, si lage and concentrate (kgDM/ha) [( 1 )  and (2) as i n  Figure 

9 . 1 ] .  



259 

The average dai ly  feed s upp ly  and feed requ i rements (kgDM/cow) are presented i n  

Tabl e  9 . 3 . 2  a n d  are i l l ustrated i n  F igure s  9 . 3  and 9 .4. The total annual pasture D M  

grow n  per cow was 4 . 5  tonnes or 3 . 1 tonnes available when 30% allowance was made 

for losses due to utilisation,  whereas the total annual  feed DM requirement  was 4.6 

ton nes per cow. To overcome the deficit in pasture DM supply and to conserve pasture 

silage for dry season, approximately 1 .7 tonnes of concen trate per cow (cost $NZ 560, 

at 33 cents NZ/kgDM) annually was fed to the cow. If concen trate was supplemented 

durin g  the rain y  season, there would have been approximately  1 .2 ton nes pasture D M  

to be  conserved a s  s i lage and t h e  req u i re m e n t  o f  s i l age d u r i n g  the dry season was 

calculated to be approximately  1 .0 ton nes  per cow annual l y .  

9.3.2 FEED PLAN FOR SEASONAL C AL VING PATTERN 

S u pp lies and requ irements  of to ta l  fee d  and  i ndiv idual  components of the  feed (per 

hectare) are presented i n  Table 9 . 3 . 3  and are i l l u s trate d  in Figures 9 .5  and 9.6 .  Total 

feed requirement  by the stock was 1 6 , ,� t O M/h a a n n u al l y  whereas the pasture O M  

gro w n  ava i lab le  w a s  1 1 . 8  t /h a  an n u a l l y .  I t  a p p e ar s  t h at i f  n o  s up p lement was 

purchased, t here would be a defi c i t  of  p a s t ure  OM to  meet  the requ irement  of the 

stock .  I n  the p resent  feed p l a n ,  however ,  5 . 3  tD M/ha of balanced concentrate were 

bought to supplement to the stock .  Therefore, there woul d  h ave been a surplus pasture 

D M  of 4 .9  t/ha ( 1 1 . 8 tDM/ha pas tu re ava i l ab le m i n u s  6.9 tDM/ha pas ture i n take) 

durin g  the rainy  season to be conserved as  s i lage and then be fed out during  the dry 

season. The calculated requ iremen t of s i l age OM was 4. 1 tonnes/ha  and this allowed 

approximately 1 6% for D M  losses  dur i n g  feedi n g  out ( S kenl1an and R iveros, 1 990) .  
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Table 9.3.2 Monthly calving :  Dai ly  pasture grown ,  total feed requirement  and feed 

i ntake (Kg DM/cow). 

KgDM!cow Dai ly  

Total Net l/ Total 

Pasture Pasture Feed Pasture S i lage Concentrate 

Grown Utilised Required I ntake I n take I n take 

APR ( 1 )2/ 0.0 0.0 1 3 .6  0 .0  7 . 8  5 . 8  

APR (2) 20.0 1 4 . 0  1 2 . 3  � . 4  0.0 3.9 

MAY 20.0 1 4.0  1 2 . 3  � .4  0.0 3 .9 

JUN 20.0 1 4.0  1 2 .4  g . 5  0.0 3.9 

JUL 20.0 1 4 .0 1 2 .4  8 .5  0.0 3 .9 

AUG 20.0 1 4 .0 1 2 .4 8 . 5  0 .0  3.9 

SEP 20.0 1 4.0  8 . 3  0.0 3 .9 

OCT 20.0 1 4 .0 1 2 . 2  8 . 3  0.0 3 .9 

NOV ( 1 )2/ 1 5 .0 1 0. 5  1 2 . 2  8 . 3  0.0 3.9 

NOV (2) 0.0 0.0 1 3 .4  0 .0 7 .6 5 .8  

DEC 0.0 0.0 1 .1. 3 0 .0 7 .5  5 . 8  

JAN 0.0 0.0 1 3 . 3  0.0 7 .5 5 . 8  

FEB 0.0 0.0 1 3 . 3  0 .0  7 .5  5 .8  

MAR 0 .0 0.0 I .H) 0.0 7 .8 5 . 8  

TOTAL (tonnes!cow) 4.5 3 . 1 4 . 6  1 . 9 1 .0 1 .7 

1 /  2/ = As for Table 9 .3 . 1 .  , 
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Table 9.3.3 Seasonal calv ing :  Dai l y  pasture grown, total feed requ irement and feed 

in take (Kg D M/ha), and total quanti ties for a 4 ha  fann . 

--�-

KgDM/ha Dai ly 

Total Net l !  Total  

Pasture Pasture Feed Pasture S i l age Concentrate 

Grown U ti l i sed Required Intake I n take In take 

APR ( 1 )2/ 0.0 0.0 50 . 3 D.O 27 .8  22.5 

APR (2) 80.0 56 .0  46 .9  3 1 .9 0.0 1 5 .0 

MAY 80.0 5 6.0 5 I .0 34 . 1 0.0 1 6.9 

JUN 80.0 56.0 5 3 . 3  3 3 .4 0.0 1 9 .9 

JUL 80.0 56 .0  5 1 .4 3 2 .6 0.0 1 8 . 8  

AUG 80.0 56 .0  . 7  3 1 . 9 0.0 1 5 .8  

SEP 80.0 56 .0  45 . 7  3 1 .5 0.0 1 4.2 

OCT 80.D 56 .0 -+4 .3  30 .4  0.0 1 3.9 

NOV ( 1 )2/ 60.0 42 .0  42 .8  30.4 0.0 1 2 .4 

NOV (2) D.D 0.0 44 . 2  0 .0  25 .5  1 8 .7 

DEC 0.0 0.0 4 2 . 8  0 .0 25.9 1 6.9 

JAN 0.0 0 .0  42 .0  OJ) 27.0 1 5 .0 

FEB n.o 0.0 3 1 . 8 0.0 28 . 1  3 .7 

MAR OJ) 0.0 ,� ,� . 7  0 .0 30.0 3 .7 

.--.. �,�, .. - -�-� .... .. --.. ��-.-

TOTAL ( tonnes!ha) 1 6. 8  1 1 . 8 I () . .  � 6.9 4 . 1 5 .3  

TOTAL 67 .2 47 .2  65 . 3  27 . 5  1 6. 5  2 1 . 1  

QUANTITIES (tonnes) 

S URPLUS PASTU RE to be Conserved 1 9 . 7  

as S i lage ( tonnes) 

1/ 2/ 
= As for Table 9 . 3 . 1 .  , 
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m Net Posture Util isation 

• Totol Feed Requirement 

APR APR WAY WAY .AJN .AJN .aJL .aJL AUG AUG SEP SEP OCT OCT NOV NOV DEC DEC JAN JAN FEB FEB WAR WAR 
( 1 )  (2) ( 1 )  (2) ( 1 )  (2) ( 1 )  (2) ( 1 )  (2) ( 1 )  (2) ( 1 )  (2) ( 1 )  (2) ( 1 )  (2) ( 1 )  (2) ( 1 )  (2) ( 1 )  (2) 

MON T H S  

Figure 9.3 Month ly  c alv ing :  D ai l y  pas ture grown and total feed requirement 

(kgDM/cow) [( 1 )  and (2) as i n  Figure 9. 1 ] .  
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MON T H S  

Figure 9.4 Monthly calving: Daily total feed requirement (solid l ine), and i ntakes 

of pa s ture , s i l age  and concentr ate (kgDM/cow) [ ( 1 )  and (2)  as i n  

Figure 9. 1 ] .  
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m Net Posture Utilisotion 

• T otol reed Requirement 

APR APIUIAY WAY JUN JUN JUL JUL AUC AUC SEP SEP OCT OCT NOV NOV OEC OEC JAN JAN F E B  F E B  WAR WAR 
( I )  (2) ( I )  (2) ( I )  (2) ( I )  (2) ( 1 )  (2) ( I )  (2) ( I )  (2) ( 1 )  (2) ( 1 )  (2) ( 1 )  (2) ( I )  (2) ( I )  (2) 

MONT H S  

Figu re 9.5 Seasonal calving :  Daily pasture grown and total feed requirement  

(kgDM/ha) [ ( 1 )  and (2) as  i n  Figure 9. 1 ] .  
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MON T H S  

Figure 9.6 Seasonal calving: Daily total feed requirement (solid line), and intakes 

of pasture, s ilage and concentrate (kgDM/ha) [( 1 )  and (2) as in Figure 

9 . 1 ] . 



266 

The average dai l y  feed supply and feed requ i rements ( kgDM/cow) are presented in 

Tabl e  9 . 3.4 and are i l lu strated in F igures  9.7 and 9.8 .  The total annual pasture DM 

grown available per cow was 3. 1 tonnes whereas the total annual feed DM requirement 

was 4.4 tonnes per cow. To overcome the deficit in pasture DM supply and to conserve 

pasture si lage for dry season, approximately 1 .4 tonnes of concentrate per cow (COST 

$NZ 462) annua l ly  was purchased as supplement .  If concen trate was supplemented 

during rainy season, there would have been approximately 1 . 3 tonnes pasture DM to be 

conserved as s i lage and the requirement of i lage during dry season was calculated to 

be approximately 1 . 1  tonnes per cow annua l ly .  Th i s  would al low 1 6% for DM losses 

during ensi l ing and feeding (Skerman and R i veros, 1 990) . 

9.3.3 COMPARISON O F  F E E D  PLANS 

Comparisons of  total feed requirement and feed eaten between monthly  calving cows 

and seasonal calvi ng  cows are presen ted in Tab le 9 . 3 . 5 .  The data show that monthly 

calv ing cows required more total feed OM (0.2 tOM/cow ) due mainly to the i ncreased 

requirement for concentrate duri ng the dry season when many of these cows were s ti l l  

mil king a t  peak: or  near peak production t h a n  seasonal calv ing cows. Seasonal calving 

cows ate less pasture (0. 1 tOMlcow) and conce n t rates (0.3 tOM/cow) but more si lage 

(0. 1 tDM/cow) than month ly calv ing cow s .  
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Table 9.3.4 Seasonal calving: Dai l y  pasture grown, total feed requirement and feed 

APR ( 1 )21 

APR (2) 

MAY 

JUN 

JUL 

AUG 

SEP 

OCT 

NOV ( 1 )21 

NOV (2) 

DEC 

JAN 

FEB 

MAR 

in take (Kg DM/cow). 

Total 

Pasture 

Grown 

0.0 

20.0 

20.0 

20.0 

20.0 

20.0 

20.0 

20.0 

] 5 .0 

0.0 

0.0 

0.0 

0.0 

0.0 

Net I I  

Pasture 

Uti l ised 

0.0 

1 4.0  

1 4 .0 

1 4 .0 

1 4 .0 

1 4 .0 

1 4 .0 
1 4 .0 

1 0 . 5  
0.0 

0.0 

0.0 

0.0 

0.0 

TOTAL (tonnes/cow) 4 .5 3 . 1 

I I  21 = As for Table 9.3 . 1 .  , 

31 = All cows were dried off. 

KgOM/cow Dai l y  

Total  

Feed  Pasture Si lage Concentrate 

Requ i red Intake I ntake Intake 

1 3 . 4 0.0 7 .4  6.0 

1 2 . 5  8 . 5 0.0 4.0 

1 3 .6  9. 1 0.0 4.5 

1 4 . 2  8 .9 0.0 5 .3 

1 3 . 7  8 .7  0.0 5 .0 

1 2 . 7  8 .5 0.0 4.2 

1 2 . 2  8 .4 0.0 3 .8  

1 1 . 8  8 . 1 0.0 3 .7 

1 1 .4 8 . 1 0.0 3.3 

I 1 . 8 0.0 6 .8  5 .0 

1 1 .4 0.0 6.9 4.5 

I 1 . 2 0 .0 7 .2 4.0 

8 . 5  0.0 7 .5  1 .031 

9.0 0 .0 8 .0 1 .031 

4 . 4  1 . 8 1 . 1  1 .4 
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M Net PostlM'e Util isation 

• T otol Feed Requirement 

APR APR WAY WAY � � .-.JL .-.JL AUC AUC SEP SEP OCT OCT NOVNOV OEC OEC JAN JAN FEB FEB WAR WAR 
( 1 )  (2) ( 1 )  (2) ( 1 )  (2) ( 1 )  (2) ( 1 )  (2) ( 1 )  (2) ( 1 )  (2) ( 1 )  (2) ( 1 )  (2) ( 1 )  (2) ( 1 )  (2) ( 1 )  (2) 

MONT H S  

Figure 9.7 Sea�ona l  cal ving :  Dai ly pasture grown and total feed req uirement 

(kgDM/cow) [( 1 )  and (2) as in Figure 9. 1 ] .  
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MONT H S  

Figure 9.8 Seasonal calving:  Daily total feed requirement (solid line), and intakes 

of p asture, s i l age and concentrate (kgDM/cow) [ ( 1 )  and (2) as i n  

Figure 9 . 1 ] .  
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Figure 9.9 Average monthly maximum and minimum temperature, and rainfall i n  

Thailand (avearge from 1 986 to 1 990; Meteorological Department) . 
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Table 9.3.5 Compari son of feed req u i red,  feed eaten and cost  of concen trate 

between monthly calving and seasonal calving feed plans. 

tOM/year tOM/ha tDM/cow $NZ/cow 

Total feed requirement 

Seasonal 65 . 3  1 6. 3  4.4 

Monthly 69. 6  1 7 .4 4.6 

Pasture Intake 

Seasonal 27 .S  6 .9  1 . 8 

Monthly 28 .9  7 . 2  1 . 9 

Silage Intake 

Seasonal 1 6 .6  4. 1 1 . 1  

Monthly I S . )  � . 9  1 . 0 

Concentrate Intake 

Seasonal 2 1 .  I ) . 3  1 .4 462.0 

Monthly 2 5 . 2  6 . 3  1 . 7 561 .0 

9.4 D ISCUSS ION A N D  C O N C L U S I O N  

The major advantage of the seasonal ca lv ing  feed plan over the monthly calving feed 

p lan is that i t  reduces the amou nt  of concen tra te requ ired by 0 . 3  tDM/cow or 4 .5  

tDM/year which represents a s ignifican t sa v i ng to t he  farmer of $ Z 99/cow or $NZ 

1 485/year. A l though this saving of approx i m a te l y  $ Z 1 500 per year may appear 

small  i n  the New Zealand farm ing conte x t ,  to the  smal l  Thai dairy farmer this can 

meant a significant improvement in his s tandard of l i v ing because the average annual 

per capi ta i ncome in Thai land i s  approx i l l l Cl t e ly  $ Z 2 ,600 (S tati stical Yearbook for 

Asia and the Pacific , 1 99 1 ) . 

The season al ca lv i n g  feed p l an a l s o  r d uces  t h e  tota l  feed req u i rement  by 4 . 3 

tDM/year. This i s  because the total  req u i re m e n t  of  mon th ly  ca lv ing cows remains 

consis tently high throughout the w hole year w h i le the to tal requirement of seasonal 

calving cows follows the norm al cycle of m i l k  product ion .  During the dry season 1 2  to 
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1 3  monthly calving cows are sti l l  in mi lk and the average requirement of these cows is 

higher than the seasonal calving cows.  Also duri ng this period cows are fed on silage 

based diet which requires more concentrate to meet the required mi lk  production. Thus 

the m ajor contrib u tion to the h igher to ta l  feed req uiremen t  i s  from concentrate 

supplementation. The present system of month ly  calving used by Thai dairy farmers 

can be successful only if a considerable amount of concentrate is supplemented. 

Because of t h i s  worthw h i l e  reduct ion i n  feed costs (approximately 1 8% of total 

concentrate cost) through seasonal calv ing,  it is obvioLls that Thai dairy farmers should 

serious ly  consider the feasibi l ity of changing the present system of monthly calving 

throughout the entire year to one of calv ing all or most of their cows at the start of 

rainy season i .e .  seasonal calving. Th i s  would then ensure  that the maximum animal 

demand, in terms of mi lk  product ion,  wou ld coi ncide more closely with maximum 

pasture growth. It would also reduce the present problem that farmers face during the 

rainy season of trying to cope with and control the excess pas ture growth with lower 

animal demands i .e .  w ith fewer cows in m i L k .  I nvariably during  th i s  period of rapid 

growth pastures tend to get 'out-of-contro l ' and the s i l age produced i s  commonly of 

low qual i ty .  I nevitably farmers are forced to re ly  heavi ly on expensive concentrate 

throughout the dry season plus poor qual i ty s i lage wh ich results in  very expensive milk 

production. 

The question is therefore, why do da iry farmers cont inue to persist  with the present 

practice of monthly calving? Most of the m  merely reflect the practice of their fathers 

or ne ighbours . S om e  l i s t en  to the adv i se of Gove rn m e n t  advi sers who c la im ,  

legitimately, that monthly  calving spreads the labour demands more evenly throughout 

the year - but  fai l  to point out the re lat ively h igh cos t of concentrate feeding to cows in 

mi lk  during the dry season. The guaranteed price paid to Thai dairy farmers is  fixed by 

the Government  and is not i nflue nced by the world m arket price as occurs in New 

Zealand. Because it is a relatively high figure ( 5 5  cents NZ/kg m i lk,  which is  more 

than doub le  the  New Zea land farmers rece i ve ,  and because the cost of l iv ing i s  

considerably lower in Thailand compared w i th New Zealand, there i s  less pressure and 

urgency for farmers to increase their efficiency. Nevertheless the 'on-farm ' costs of the 

Thai dairy farmers are rising at an increas ing rate i .e .  33 cents NZ/kg milk present cost, 

as reported by Watkin ( 1 992) and it is inev i table that these producers wil l  be forced to 

examine and adopt more econom ic pract ice s if they are to survive.  
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Some farmers are aware of the possible advantages of seasonal cal ving but are hesitant 

to change because of the possible difficulty i n  changing the reproductive cycle of their 

cows and the possibi l i ty of an associated loss in production . Certainly there would be a 

significan t drop i n  total mi lk yield if  farmers tr ied to change the calv ing date of all 

their cows in one year. However, if the process of adj us tment was carried out gradually  

over a period of 3 to 4 seasons ,  i t  could be ac h ieved with only a minor drop in mi lk  

production. For example, farmers shou ld  t ry  to ca lve 40-50% of their cows in  the first 

season to the seasonal pattern followed by another 20-30% in the second season and 

the rest in the third and possibly fourth season. I n  doing this, the associated reductions 

in the need for and use of dry- season concent rate wou ld gradua l ly reduce costs. 

Some farmers express doubts concerni n g  the ab i l i ty of the adjus ted cows to become 

pregnant. In fact it is more likely that the cows i n sem i n ated or mated in the June/July 

period, when pasture is  ab u ndant and cows are i n  good condition , wil l  have a h igher 

conception rate than cows i n semi nated dur ing the dry season. All  farmers know that 

conception is no problem if the  cow i s  wel l  fed and i n  heal t hy  condition. This is more 

l i ke ly  to occur i n  J une/July than in Decem ber/J a n u ary when  green forage i s  n i l  and 

farmers are forced to spend heav i l y  on concen trate and commonly  inclined to l imit the 

amount i n  an endeavour to reduce costs  and  so u nderfeed the i r  an imals .  A lthough 

ambient temperatures are h igher i n  J u ne/J u ly t han  i n  Decem ber/January,  the level s 

experienced dur ing  J un e/J u l y  of a p p ro x i m a t e l y  2 5 - 30°C s h o u l d  not have any 

detrim ental effect on concept ion . For exam p le  in  I s rael , where cows during summer 

( 2 1 - 34°C)  and dur i ng  w i n te r  ( l O - 1 9 ° C )  were c o m p a re d ,  reported that  rectal 

temperature were 39 .7 and 3 8 .9°C for sum mer and win ter cows respectively .  Mean 

intervals from parturition to conception ( 'open days ' )  were 9 1  and 87 days for summer 

and w i n ter  cows res pec t i ve ly .  A l t h o u g h  t h e  s u m m e r  cows  h ad s l i g h t l y  lower 

conception rate (50 vs 72%) than the w i nter  cows, the difference was not statistically 

significant different (Folman et al. ,  ] 979 ) .  

I t  i s  also relevant to  point ou t  t ha t  under seasonal ca lv i ng ,  farmers have that essential 

opportunity to repair, to overhau l ,  to upgrade and genera l l y  maintain the many i tems of 

equipment in good condition - i . e .  the ir  m i l k i ng mac h i nes ,  farm machinery or fence -

during  the 'off-season ' ,  wh ich i s  ex t re m e l y  d i ffi c u l t  to ach ieve  under the constant 

demands of the monthly calving sys tem . 
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Some authorities express concern about the effect of seasonal calving on milk handling 

and processing. I t  is believed that the sharp increase in the volume of milk arriving at 

the dairy plant i n  May/June/July, fol lowed by a gradual decl ine to min imal quantities 

i n  February/March/Apr i l  wou ld  cause ser ious p l an t  m an agemen t  and operating 

problems. However, one real advantage of seasonal mi lk production to dairy factory 

managers is the opportunity it provides to carry out effective machinery maintenance 

and organise annual staff holidays .  For exam p le , during the low-supply months  i t  

would b e  possib le for processors to c lose down some o f  the machines to enable a 

thorough machinery overhaul  and m a i n te n ance to be undertaken and also allow a 

s ignificant percentage of staff to take t h e i r  e n t i t led annual hol iday with min imum 

labour disturbance. From the comments  of the local factory managers, it is extremely 

difficul t  under the present sy stem of con s tan t  m o n t h ly input, to find time for those 

essential  repair and maintenance jobs, wh ich often leads to overloading of machines, 

inadequate maintenance, and hence frequen t  bre a kdowns and higher operating costs. 

These could be reduced sign ifican t ly under a seasonal operat i ng  system . 

One reason given by some fanners i n  favour of re ta i n i ng the presen t  monthly calving 

system relates to the financial demands i n volved.  The farmer is normally required to 

make his capital and interest repayments month ly  to the bankers and hence must have 

h i s  regular monthly mi lk  cheque from t h e  da i ry com pany to meet these demands . 

Obviously this is important to the farmer bu t  the lend ing inst i tutions would probably 

be wil l ing to reconsider the system of repaymen t  as, first and foremost, they are keen 

to see dairy farmers succeed, and m ake a hea l thy profi t  and so repay their loans as 

quickly as possible. 

It i s  probable that i f  the advan tages of the 'easonal ca lv ing  system were ful ly explained 

to the bankers they wou ld be w i l l i n g  to adj u s t  t he  repayme n t  system to meet the 

changed situation . 

The c hange to seasonal calving w i l l  a l so affect  the sa les  of m i lk and m ilk  products. 

However, fortunately most of the raw m i l k  produced is processed in to U HT milk and 

therefore can be stored for severa l months  wi t hout deterioration .  Pasteurised m ilk, the 

other important product, cannot be s to red and i t s  supply would of course detrimentally 

affected. Therefore it w i l l  be necessary to g i  ve part ic u lar  a t tent ion to this product and it 

may well require the introduction of a fi nanc ia l  i ncen t i ve to farmers to encourage some 
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fanners to produce ' dry-season ' m i l k  for p rocessi ng  i nto  pasteurised milk. As raw milk 

production, in Thailand only meets  1 5 . 5 %  of dem a n d  and hence reconstituted milk 

84.5%, i t  wi l l  be necessary, under seasona l  m i l k  product ion,  to adjust the proportion of 

reconstituted milk being fed into the market throughout the year in order to protect the 

local producer of raw mi lk .  Obv i ou s l y  these  m at ters wil l  have to be examined and 

discussed fully in order to find the most sat isfactory solu t ion . 

I n  contrast to Thai dairy industry, other m i l k  producing countries such as New Zealand 

and coun tries in Europe, the l arge vol u m e  of raw m i l k  produced during the early 

grazing season can be processed i nt o  m i l k  powder and other m i l k  products i .e .  butter 

and cheese and then exported to other coun tr ies .  
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10 GENERAL SUMMARY AND O VERALL DISCUSSION 

The objec tives of the present s tudy were to measure the effects of supplementation 

w i t h  concen trates  w h i c h  d iffered i n  t he i r  prote i n  concen trat ions  and protei n  

degradabi l i ties o n  the performance of dairy cows, with emphasis on tropical feeds. 

The results of each experiment have been discussed in detail in Chapters 4, 5, 7 and 8. 

The aim of this chapter is  to present a b rief overview of al l results and some general 

conc lusions,  to make brief compar i son s w i th  the  most  relevant publ ished works,  to 

suggest areas for further research and fi na l ly  to rel ate the relevance of results obtained 

in this study to dairy farming in Tha i l and. 

10.1 RESUME OF RES U LTS A N D  CONCLUSION 

10.1 .1  EXPERIMENTS W ITH D A l R Y  COWS IN THAILAND 

I n  Chapter 4 ,  the cut  forages in  t he  i ndoor exper i m e n t  were low in  crude prote in  

conce n tration ( 1 2% CP) and in  d i ge s t i b i l i ty ( 6 1 % D M D) whereas crude prote in  

concentration ( 1 3% CP) and digestib i l i ty ( 63% DMD) i n  the  herbage of the grazing 

exper iment were s l ight ly h igher. These l eve l s  a re w i th i n  the range of 3 to 1 5% CP 

(mean 1 1  % CP) and 30 to 75% DMD (mean 54%) reported by Minson and McLeod 

( 1970), and much lower than the leve l s  of crude prote i n  and digestibil ity that Minson 

( 1989) reported in temperate pastures ( 1 8 % CP and 7 1  % DMD),  or measured in the 

experiment conducted in New Zealand ( 22% CP, 78% DMD; Chapter 8) .  

In  both the i n door and graz i ng  e x peri m e n t s  there was general agreement i n  that 

concentrate supp lemen tat ion reduced forage DM i n take i n  both studies (mean OAO 

k g DM/kg c o n c e n trate D M  e a te n ) .  F u rt h e rm or e  a s  t h e  l e v e l  of c o n c e n trate 

supplementation increased so a l so did the subst i t u t ion of concentrate for pasture (from 

0.20 at 2.7 kgDM concentrate to 0.45 at 5 .4 k g D M  concentrate) .  However the extent of 

th is  reduction i n  forage in take was  v ar iab le , probab ly  becau se of the confounding 

effect  of the concentration of prote i n  and prote i n  degrada b i l i ty ,  and the level of 

concen trate feeding.  
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Many authors have reported a reduction in basal forage intake when concentrates are 

fed to dairy cows (Combellas e t  ai . ,  1 979)  but the effect of leve l of concentrate 

feeding on substitution rate has been shown to be variable both in temperate (Stockdale 

and Trigg. ,  1 985)  and tropical (Com bellas et ai . ,  1 979) studies . With concentrate 

supplementation to temperate grass s i lage fed cows, Clements et ai. ( 1 989) reported 

substitution rate was 0 .07 kg si l age O M/kg concen trate O M  intake with 30% CP 

concentrate and was 0 .22 kg s i l age O M/kg concen trate OM intake with 1 8% CP 

concentrate. This suggested that high crude protein concentration reduced substitution 

rate through improved silage OM i ntake . 

Meij s  ( 1 98 1 )  however reported a con s i  t en t  i n c rease  i n  s u b s t i tu t ion rate with 

increasing levels of concentrate from h is  com prehens ive review of 1 1  indoor feeding 

experiments with temperate pastu re .  

Concentrate supplementation i ncreased the y i  I d  of mi lk  and liveweight gain in both 

the indoor and grazing experiments .  The response in milk  yield to concentrate ranged 

from 1 .2 to 2 .0 kg mi lk/kg concentrate DM eaten .  These responses were h igher than 

those reported in the tropics being 0.6  kg m i lk/kg concentrate OM eaten (Jennings and 

Holmes, 1 985)  and in the temperate region be ing  0.4 kg m i lk/ kg concentrate DM 

eaten ( Leaver et  al. , 1 968 ;  ] ournet and  Dem arq u i l ly ,  1 979) .  The higher response 

obtained in the present study is probably due to the poorer qual i ty of pasture compared 

with those fed in the l i terature quoted and the consequent low intake of pasture and 

low milk yield by cows on pasture a lone . When low qual ity forages such as those used 

in the present study are fed to the dai ry cows, apart from the effect of low total intake 

of energy and protein  from pasture ,  there wi l l  be a defic i t  of nutrients such as nitrogen 

and carbohydrate to enhance microbial act i v i ty in the rumen which supply substrates 

required for mi lk  production .  S upplemen tation w i th concen trates containing such 

nutrients would produced a greater response than when supplemented wi th high quality 

roughages. 

With  regard to the leve l  of concentra te  s u p p lemen tat ion , i ncreases in level of  

concentrate reduced the response (kg m i lk or  g l i veweight/kg concentrate OM eaten) in  

mi lk  yield and liveweight gain in  both the  indoors and under grazing experiments (e.g. 

from approximately 2 . 0  to 1 . 2 kg m i lk when amoun t  of concentrate O M  eaten 

i ncreased  from 2 . 7  to 5 . 4  k g ) . The  re s l o n s e s  i n  m i l k  y i e l d  to concen trate 
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supplementation have also been consistently reported to decl ine as the concentrate 

level i ncreases i n  the tropics (Com bellas e[ at . ,  1 979) and i n  the temperate regions 

(Stockdale and Trigg, 1 985) .  

Wit h  regard to the  com posi t ion of  concen trate ( i . e .  p rote i n  conce n tration and 

degradabi li ty) ,  the h igh  protein ( low degradable) concentrate tended to give h igher 

resp o n s e s  i n  m i l k  y i e l d  and l i vew e i g h t  g a i n  per kg concen trate D M  e aten . 

S upplementation with proteins that are res i s tant to degradation (e . g .  formaldehyde 

treated casein) i n  the rumen have been reported to increased mi lk yield of dairy cows 

( S tobbs et at . ,  1 977 ;  Flores e[ at . ,  1 979 ) .  These l atter tri a l s  a l so reported a h igh 

response of 2.0 to 2.4 kg milk/kg supplemen t .  

I n  Chapter 5 ,  the silage fed to the dairy cow s,  made from tropical pasture of 8 t o  1 0  

weeks regrowth, was very low in c rude protein concen tration (5%) and dry matter 

digestibi l i ty (48%), probably due to the ovel11 1aturity of the pasture cut and the losses 

of soluble carbohydrate and protein dur ing  e ns i l i n g .  The low crude protein and low 

digestibi l i ty of s i lage was probab ly due to the low qual ity of the original pasture. I n  

addition, tropical grasses are wel l  known for t he i r  stem miness, and hence their high 

crude fibre and low soluble carbohydrate leve l s .  A combination of these factors results 

i n  a del ayed fermentation and pro l i fera t ion  of cos trid ia l  organisms in the ens i ling  

process .  The delayed fermentation and pro l i feration of  c lostridium leads to greater 

production of butyric acid,  an increase in prote i n  degradation and an increase i n  

effluent  losses (Mil ler, 1 969; Catchpoole and Henzel l ,  1 97 1 ;  Holm ,  1 974) and hence 

results in a silage of low crude protein and DM digest ibi l ity which may have occurred 

i n  the presen t  studies .  

The experiment with s i lage fed as a basal  d ie t  was designed to determ ine the effect of 

protein degradabi l i ty i n  the concentrate on s i l age D M  intake . The results showed that 

cows on Concentrate 2 (0.63 dg, 1 % urea ) and on Concentrate I (0.57 dg, no urea) ate 

similar quantities of si lage OM, but more than was eaten by the cows on Concentrate 3 

(0.68 dg, 2% urea) and on Concentrate 4 (0 .62 dg, no urea ) .  

Cows on  Concen trate 2 prod uced  l a rger  y i e l ds of m i l k  a n d  m i l k  prote i n ,  and 

l iveweight gain than cows on  t h e  other concen t rates .  The major cause of  th i s  h igher 

production was probably the higher M E  i n take from the increased si lage DM intake 

and the h igher UDP i ntake from the Concentrate 2 .  
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I n  the  temperate reg ion s ,  from a rev ie w of 1 3  feed ing  experiments  involv ing  

comparisons between diets of differing U DP content, Twigge and Van Gils ( 1984) 

conc luded that the effec ts of increased U D P  supply on m i l k  yield were variable,  

responses ranging from -0.6 kg mi lk/day to +2 .9 kg mi lk/day between experiments. 

The authors pointed out that a variety of factors con tributed to this variability. One 

experiment w here dairy cows fed on s i lage ba ed diets were supplemented with a 

m i xture of fishmeal and soyabean meal , a n d  cereal  concen trate, Rae et al  ( 1 986) 

reported substitution rates for cereal concentrate and fishmeal-soyabean mixture of 

0.23 and -0.52  kgDM s i lage/kg concen trate OM eaten respective l y. The responses in  

mi lk  yield were 1 . 3 and 3 . 5  kg/kg concen t rate OM ea ten .  

In  recent years, the experiments wi th s i lage based diets where the dietary protein from 

the concentrates have been mod i fi ed e i t her s i m pl y  through addition of low rumen 

degradable an imal pro te i n  sources  c o n ta i n i n g fi sh m ea l or through inc l u s ion of 

f· h 
. . .  cows have shown . .  . 

IS meal In  the dIet In replacement for soyabeun mea l ,  substantIal Increases In 

mi lk  yield (Girdler et al. 1 987) .  Corresponding res u l ts wi th fis h  meal have also been 

reported by Kassem et al. ( 1 987 ) .  I t  i s  wort h not i n g  that in these experiments the 

i ncreased mi lk  yield was accom pan ied by an i nc re ased intake of si lage. The exact 

mechanism is unclear, e .g .  the rum i na l l y-degradab le prot e i n  may have increased rumen 

microbial efficiencies (Rooke et aI. , 1 98 3 ;  Rooke el al. , 1 98 5 )  resulting in a greater 

flow of microbial protein to the duode n u m  or, a l ternat ive ly ,  the m i lk y ield response 

may have been elicited by the UDP. It is unclear whether the fishmeal responses could 

be attributed to changes in U OP supply or to the am i no acid composition of the U DP. 

10.1 .2 EXPERI MENT ON R U M E N  M El A BOLISM 

I n  th is  experiment (carried out i n  New Zea land) ,  low qua l i ty hay was used to simulate 

tropical roughages. The concen trat ion of crude prote i n  in the hay (8%) was in between 

those  obta ined from s i l age a n d  p a s t u re s  u sed i n  T h a i  l and ' s  ex perimen ts .  The 

digestibi l i ty of hay DM (50% DMD) was however lower than those in tropical pastures 

(6 1 % DMD) but s l ightly higher than that of s i l age (45% DMD) .  
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Although there were no m ajor favourable effects ( h igh  leve l  of rumen ammonia 

maintained over the day , i ncreased digestib i l i ty and hence i ntake of hay DM) caused 

by the inclusion of urea in the concentrates in the present study, the temperature had a 

m arked effect on the parameters measured. The in terpretation of the results of the 

effects of urea may have been masked by the dominant effect of temperature. The hot 

tem peratures  reduced  h a y  D M  i n take ,  i n c re a sed conce n trate : hay  rat io ,  a n d  

consequent ly  ten ded to reduce rumen pH a n d  t h i s  m a y  h ave a l tered the rumen 

envi ronment  and m icroorgan ism pop ulat ion .  At  low rumen pH ( below 6) greater 

absorption of ammonia ( part icu l arly i n  t h e  ear ly  hours after concen trate feeding) 

through the rumen than at h igh pH (7)  has been reponed (Leng and Nolan, 1 984). The 

present experiment did not measure the rumen  ammon ia concentration unti l  3 hours 

after concentrate feeding, therefore , t h i .  aspect can not be discussed. 

In the present experiment the concen t rate was fed on ly  tw ice daily which may have 

caused a brief i ncrease i n  t he  s u p p l y  of a m m o n i a  for a short period ( soon after 

concentrate feeding). The low concent ra t ion of ammon ia  ( 1 20- 1 30 mgNH3-N/litre) for 

most of the day may have reduced f ibre digest ion and hence reduced the intake of hay 

DM. 

An imals  i n  the tropics are subject  to hot  e n v i ro n m e n ta l  temperatures which have a 

marked effect on i n take of the feed ( Ch apter 7 ) .  I n  add i tion ,  the tropical forages are 

usually low i n  nutritive value ( low n i trogen con ten t  and low digest ib i l i ty)  as mentioned 

earlier in this section and in the prev iou s Chapte rs ( Chapter 4 and Chapter 5). These 

two factors contribute to the low production of an ima l s  in the tropics. S upplementation 

of concentrate usual ly reduced forage O M  i n take (Chapter 4 ) .  The possible feeding 

managements are to i ncrease the freq uency of feedi ng  concentrate to ensure that high 

level of rumen ammonia are cont i n uous ly  suppl ied in the rumen or to include slowly 

degradable protein  (bypass prote i n )  in  the conce ntrate.  An alternative approach i s  the 

use of urea molasses block to m a i n ta i n  a h igher  concen t ra t ion  of ammoni a  in the 

rumen as previously discussed in Chapter 7 .  



28 1 

1 0. 1 .3 EXPERIMENT W ITH DAIRY COWS IN NEW ZEALAND 

I n  Chapter 8,  the  pastures used in  th i s  grazing experiment were higher in  crude protein  

concentration (22%) and digestibility (78%) than those pastures and si lage used in the 

previous experi ments in Thai land (Chapter 4 and Chapter 5) and than those reported by 

Minson ( 1 989) for temperate pastures. 

Supplementation of concen trate i n  the presen t  s tu dy also reduced pasture intake by 

0 .7 1 kgDM/kg concen trate O M eate n .  T h i s  v a l ue was h igher than obtained in the 

previous studies (Chapter 4) and than 0.55 kgOM/kg concentrate O M  eaten reported 

by Leaver et al. ( 1 969) in the temperate regions .  However a very h igh al lowance was 

offered in the present experiment,  and the corre sponding substi tution rates reported by 

Meijs  and Hoekstra ( 1 984) and G ra i nger  ( 1 9 8 7 )  were 0 .70 - s i m i lar to the present 

value. 

The relatively low substitution rate measured with tropical pastures was probably also 

due to the fact that the tropical pastures  are low i n  n i trogen content and digestibility, so 

that suppleme n tation w i th conce n trate conta i n i ng fermen tab le  n i trogen m ay have 

i ncreased fibre digestion and forage i n ta ke (Orskov e[ ai. , 1 972) and consequently 

caused a smaller substitution rate. Meijs  ( 1 98 1 )  a l so suggested that the substitution rate 

was low when conce n trate w a s  s u p p l e m e n te d  to l o w  q u al i t y  (0 . 50 -0 .65% D M  

digestibi lity) roughage, for sim i l ar reasons .  

Concentrate supplementation a l so  i nc reas  d y ie ld of milk by 0.8 kg/kg concentrate 

DM eaten in the present study. This va lue was h igher than 0.4 kg m ilk/kg concentrate 

DM eaten reported by Leaver et ai. ( 1 968 ) ,  and lOll l'net and Oemarqui l ly ( 1 979) but 

m uch lower than obtained from the prev ious s tudies  (Chapter 4) .  The poorer quality of 

tropical  pas tures compared wi th t em perate pas t u re s  may exp la i n t h i s  difference. 

Tropical pastures fed as a sole d ie t can o n ly s upport low milk yields in dairy cows 

because their i nabi l i ty to supply enough prote in  and gl ucogenic  energy (Preston and 

Leng, 1 987) .  If concentrates conta i n i ng fermentable n i trogen and carbohydrates are 

fed, the response by the supp lemented cows may be l arger than would be predicted 

from the i ncreased energy intake.  Another reason i s  that in the temperate experiment, a 

very high allowance was given to the COVl S .  and h igh substi tution rate was measured. 
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10.2 PRACTICAL IMPLICATION FOR THAI DAIRY FARMERS 

In the feeding experiment conducted in Thailand, the major cause of higher production 

(milk plus liveweight) in the supplemented cows was increased ME intake, particularly 

from concentrate. Increases in the intake of concentrate caused increases in milk 

production due to the increased ME intake. Because of the effect of substitution, 

increases in total ME intake (from pasture plus concentrate) are smaller than the 

increased ME supplied by the concentrates. 

The effect of increased crude protein concentration in the concentrate on forage DM 

intake and on milk yield was variable. Concentrate supplementation was given twice 

daily and, as suggested by the results of the sheep experiment (Chapter 7), the rumen 

ammonia concentration probably increased only briefly after feeding and then declined 

to low levels. Such conditions may not encourage increases in fibre digestion and 

microbial activity. Increases in frequency of feeding and thus the provision of high 

rumen ammonia concentration over the whole day may promote microbial activity and 

digestion of fibre and lead to increases in intake of forage and milk yield (Preston and 

Leng, 1987). 

The effect of low protein degradability of concentrate on forage intake and milk yield 

was also variable in Chapter 4 (cows fed on fresh pasture) but inclusion of low 
degradable protein did appear to cause increased milk yield and increased silage intake 

in Chapter 5 (cows fed on low quality tropical grass silage). The low degradable 

protein feedstuffs may vary in their composition and degradability. Those experinJents 

that have obtained positive responses to low degradable protein often involved the 

infusion of casein (Clark, 1975) or supplementation of protected casein or fishmeal 

(Orskov et a/., 1977). In contrast, the present study obtained low protein degradability 

of concentrate mainly by inclusion of cotton seed meal. The feedstuffs obtained from 

industrial byproducts may vary greatly in their composition and protein degradability 

depending on the processes applied (Lindberg, 1985), although the results reported in 

Chapter 6 showed that cotton seed meal did have a low protein degradability. 

The very low calculated apparent efficiency for the use of ME above maintenance in 

the tropical experiments can be attributed to two pos sible errors; - firstly, an 

overestimation of ME concentration in tropical forage (by using the equation obtained 

from temperate experiments and using in vitro digestibility) and secondly, the 

underestimation of ME requirement for maintenance by animals in the tropics. The 

higher temperatures in the tropics relative to the temperate regions may increase the 

requirement of ME for maintenance (Blaxter, 1967). 
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However, there are limitations to the interpretation of the present results (particularly 

Chapter 4 and Chapter 5) due to the confounding of differences in the degradability of 

protein in the concentrate, and differences in crude protein concentration, (also the 

balance of protein sources, type of starch, amino acid content and inclusion of urea and 

molasses). Future experiments should be designed so that such confounding effects are 

avoided. For example, if the purpose of the experiment is to examine effects of protein 

degradability on cow perfonnance, a single source of protein should be used, with its 

degradability varied by heat or chemical treatments. 

The results of the present study can supply some infonnation to Thai dairy farmers and 

the following recommendations can be made from the research. 

In the present study, yield of milk was increased by concentrate supplementation. At 

present costs and prices the increases in level of concentrate supplementation gave a 

profitable marginal return. Although the high protein (low degradable) concentrate 

gave slightly larger marginal return in yield, the concentrate with low protein 

concentration was cheaper than the concentrate with high protein concentration and 
gave the greater financial benefit The cost of the extra protein (with low degradability) 

was larger than the value of the extra milk obtained. 

When dairy cows are fed on a silage based diet, the concentrate containing low 

degradable protein improved silage DM intake and hence milk yield. Thus the Thai 

dairy farmers can rely on feeding their cows with improved pasture and moderate level 
of low protein concentration concentrate. During the dry season when cows are fed on 

grass s ilage, it may be worthwhile to supplement with a concentrate containing a 

protein of low degradability (e.g. Concentrate 2). 

The economic assessments made in Chapter 4 showed that supplementation with a 

moderate level (i.e. 5.4 kgDM/cow daily) of low crude protein ( 1 7% CP) concentrate 

to dairy cows fed on fres h  pasture gave the best m arginal fin ancial return. 

S u pplementation with concentrate containing approximately 84 gUDP/kgDM 

(Concentrate 2 in Chapter 5), fed at 4.5 kgDM/cow daily, gave the best financial return 

for cows on tropical grass silage. 
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10 .3 AREAS FOR FUTURE RESEARCH 

One of the major needs is to measure the nutritive value of individual feedstuffs wben 

given as supplements to dairy cows fed tropical roughage. This can be obtained by 

supplementing individual feedstuffs such as cotton seed meal, maize or soyabean meal 

to dairy cows at moderate level (i.e. 4 kgDMlcow daily) and measuring the response in 
animal perform ance to such individual feedstuffs . A further investigation can be 

carried out on the effect of level (i.e. 2-3 levels) of the selected individual feedstuffs 

(2-3 feedstuffs) on dairy cow performance. Economic analyses can then be carried out 

The results obtained in the above experiments can then be applied by formulating the 

appropriate concentrate using selected feedstuffs which are of known nutritive value 

and protein degradability from the previous experiments including the values reported 

. in Chapter 6. These concentrates could be formulated to supply certain proportion of 

RDP and UDP (i.e. within the range used in Chapter 5; for example, 65 :35, 60:40 and 

5 5 :45 or expre ssed in terms of gRDP/gUDP; 1 36:74, 1 26:84 and 1 1 6:94 per kg 

concentrate DM). The resultant concentrates could then be tested by feeding trials with 
dairy cows. This field of research is most likely to make significant contributions to the 

improvement of dairy cow nutrition in Thailand. 

In order to ensure a continuous supply of high rumen fermentable nitrogen (rumen 

ammonia concentration) , increases in frequency of feeding may be useful. This 
possibility must be tes ted by experimental research. For example, the effects of 

increased feeding frequency (from the normal practice of twice daily, to 3,  4 or 6 times 

daily) on the productivity of cows should be researched. However, this must be 

considered in terms of economics (i.e. labour cost) and can only be applied to the Thai 

smallholder dairy farmers. 

There is also a need for work on the use of a urea-molasses multinutrient block (Le. 

10% urea, 30% molasses, 20% rice bran, 30% cotton seed meal plus sulpbur and other 

minerals) that is suggested to provide a continuous supply of fermentable nitrogen and 

carbohydrate, bypass protein and minerals. However, the erratic behaviour of cows in 
using such supplements should also be considered. 
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M E T E O R O LO G I C A L  D A T A  F O R  E A C H  M O NT H  FR O M  

APRIL 1 990 T O  DECEMBER 1 992 

METEOROLO GICAL DATA FOR C H A PTER 4 (MUAKLEK, 

THAILAND)  

Details of dail y  maximum a n d  m i ni m u m  tem perat ur e  (DC) , relative humidity ( % )  and 

rain fall (mm) between October 1 s t and Dece m ber 3 1  st 1 990 are i l l u s trated i n  Figure 

A. I .  

1 .2 METEOROLO G I C A L  DATA FO R C H A PTER 5 ( M UAKLEK, 

THAILAND) 

Detail s  of dail y  m aximum and m i n i m um tem perature (0C), relative humidity (%) and 

rainfall (mm) between January 1 st and M arc h _� l s t 1 99 1  a re i l l u strated in Figure A.2.  

1.3 METEOROLOGICAL DATA FOR CHAPTER 8 

(PALMERSTON NORTH, NEW ZEALAND)  

Detail s  of dail y  maximum a n d  m i n i m u m  tcm pcra t u re (OC), relative humidity ( % )  and 

rainfall (mm) between June 1 st and 30th 1 990 me i l l u s t ra ted i n  Figure A.3 .  
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BACKGROUND OF EX PER IMENTAL SITES 

THE D A I R Y  F A R M ING PROMOTION O R G A N I S ATION OF 

THAILAND 

The Dairy Farming Promotion Organ isat ion of Thailand (DPO) was established by the 

government as a s tate enterpri se in 1 97 1 .  One of the DPO' s  first activities was to take 

over the Thai Danish Dairy Faml (TDDF), a t ra i n i ng  centre at M uaklek, Saraburi . The 

TDDF was a joint venture between t he Thai a nd Danish Governments. The plans for 

the TDDF were in i tiated during H i s  M ajes ty  the  Ki ng of Thailand ' s  S tate Visit  to 

Denmark in 1 960. On 1 6th January 1 962, t i le farm was inaugurated by Their Majesties 

the late King Federik IX of Denmark and K i ng B h u m i bol Adu lyadej of Thailand. 

At presen t, the DPO operates a fu l l - sca le i ndus t ry ,  s tart i n g  from inducing farmers to 

realise the importance of and the potent i a l  re t urns  to be derived from dairy farming. It 

al so provides training, knowledge and u nderstandi ng of the various aspects of dairy 

farming  to farmers . Counse l l ing serv ices on ar t i fi c i a l  i n sem ination , preventive and 

curative treatment of animal diseases as we l l  as bas ic ame n i ties for dairy farming at 

low costs are also provided. DPO purchases raw m i lk and other products at guaranteed 

prices, then converts raw m i lk i n to variou s da iry products ,  and distributes the dairy 

products to the market at reasonab le prices to enab le the general publ ic to buy highly 

nutritiou s  food at low prices .  

There are two s tock farm s. The orig i na l  Thai  Dan i sh  Farm i n  M uaklek occupied an 

area of 430 ha of which 320 ha is c u l t i vated ( i nc l uding 1 40 ha of irrigated land) . 90 ha 

is ei ther mountain,  river of s toney and the remai nde r  con s i st  of building, yards etc. 

Another farm is located at Ch a n t u k ,  N a k orn - R ac h a s i m a ,  40 km from Muaklek, 

occupying 1 600 ha of w h i c h  1 440 ha is c u l t i v a ted .  The cu l t ivable land has been 

developed i nto permanent pastures l Is i n g  several grass s pecies  such as Guinea grass 

(Panicum maximum),  R u z i  g rass (Brachiaria ruziziensis ) ,  Buffel grass  (Cenchrus 

ci/iaris). 
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There is an i ncre asing  i n te res t  in pasture i mprovement  through the introduction of 

forage legumes since a n um ber of grass/legume com binations have been shown to be 

capable of high production. The present main perennial legumes mixed with pasture 

are Cen tro (Centrosema pubescence)  and Verano s ty lo (Sty!osanthes hamata cv .  

Verano).  

Si lage and hay is  conserved from pasture and annual crops such as m aize and sorghum 

in order to feed s tock during the dry season .  This enables the fanns to supply sufficient 

roughage to the stock each year. I n  a dd i t i o n .  t h e  farm s are also u sed as a pasture 

management study, research ,  grass s toc k <l nd a demon s trat ion for the farmers. 

DPO has 4000 dairy cattle which abou t  230 cows a re in m i l k  and remainder are young  

s tock and  dry cows .  They have re s u l te d  from t h e  c ros s i ng of N at ive ,  Red Danish, 

Hols tein Friesian and Sahiwal .  The farm a l so ac t s  as a rea ring  station for imports of 

purebred and crossbred dairy heifers. 

2.2 MASSEY 'S DAU{ Y  CATTLE R ESEARCH UNIT 

The unit ,  run as a seasona l  supp ly  d a i ry opera t i o n . was es tabl ished primari l y  for 

research purposes i n  1 9 5 9 .  The fa rm area i s  45  h a .  s upport i ng  an average of 1 20 

milking cows and their replacemen t s .  as we l l  a s  surp lu s  he ifer and bul l  calves for 3 

month s  in  spring.  

The cows are Friesians of either h i g h  or low breedi ng i ndex (having BIs of 1 28 and 

1 00 respective ly ) .  1 5 -20 se ts of ide n t ic al  ! W l ll S  of m i xed breeds are also raised for 

research work. 

The unit  is situated on a wet c lay s o i l  - TO�()l l w ru s i l t  loam. The effective land area of 

the farm is divided i n to approx ima te ly  D. X h a  paddoc ks .  S urp lu s  spring  p asture i s  

s tored as s i lage, w i t h  hay req u i re m e n t s  ht� i n g  pu rc hased local l y .  A l l  pastures are 

fertil ised with approximate ly 300 kg/h a of _�()c1r pot a s s i c  supe rphosphate annually, and 

approximately 200 kg/ha of urea an n u a l l y .  
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2.3 M ASSEY'S No. 1 DA IRY FARM 

The farm runs as a town supply dairy operat ion (Commercial Winter M ilk Unit) .  The 

effective farm area i s  1 08 .6  ha, support i ng  an average 220 autumn calving m ilking 

cows and their replacements, as well as surp lus  heifer and bull calves. 

3 MEASUREMENT TECHNIQ UES 

3.1 ANIMAL MEAS U R E M ENTS 

3. 1 . 1  M I LK YIELD A N D  CO M POS I T I ON 

Measuremen t  periods of da i ly  m i l k  y i e l d  var i ed  from experiment to experiment 

ranging from at least two consecu t ive days week l y  to seven consecutive days weekly .  

Detai l s  of i ndividual experiments have been g iven  in  t he appropriate Chapters . Dail y  

m i l k  yield was taken a s  the sum o f  t h e  i nd iv idual  e ven i n g  milking and the following 

m or n i n g  m i l k  y i e l d .  A l i q u o t  m i l k  s a m p l e s  w e re t a k e n  for a n a l y s i s  of  m i l k  

compositions .  

Milk ,  mi lk  fat, mi lk prote i n  and m i l k  lactose y ie lds  were calculated for i ndividual cow 

and the figures averaged during the  expe rimen ta l  period to give a mean value for daily 

yield per cow. These data were s u bject to ana ly s i s  of covariance using average pre

experimental yield as covariates .  

I n  Chap ter 4 ,  sol ids-not-fat perce n t age were ob ta i ned from the differences between 

% total solids and %fa t .  To ta l  so l id s  perc e n ta ge were deteIl11 ined (AOAC, 1 990) by 

weighing approximately 2 . 5 - 3  g m i l k  sample i n to a we ighed flat-bottom dish > 5 em 

diameter. The samples were heated on steam bath for 1 0- 1 5  minutes, then heated 3 h in 

hot air oven at 98- 1 00°C. They were then cooled in des iccator, weighed quickly, and 

% residue calculated as total sol ids .  Fat perce ntage was ana lysed u si ng  M ilko Tester 

(Foss Electric Denmark ) .  
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I n  other experiments  (Chap ters 5 and 8 ) ,  concentrat ions  of m i l k  compositions were 

analysed using Milko Scan ( 1 40A(B , Foss Electric Denmark) .  

3.1.2 L IVEWEIGHT A N D  CON D IT ION SCORE 

Cow s  were weighed on  two consecu t ive days i mmediate ly  prior to the start of the 

experimental period. Subsequent ly ,  they  were wei ghed weekly or fortnightly after the 

morning m ilking. The l ivewe i ght of each cow was t h e n  take n as the mean of the two 

consecutive weights. 

The l iveweight change was defin ed a s  t h e  d i ffere n c e  in l i veweight  between the s tart 

and the end of the experimen ta l  p e r i od a n d  d i v i d e d  by t h e  num ber of days of the 

experimental period. 

I n  Chapter 8, body condi tion score for each cow was assessed at the same time as the 

l i ve weight .  The score s y s tem u se d  w a s  t h a t  re ported by Scott et  al. ( 1980) , with a 

range of 1 - 1 0. The score of t h e  t wo consec u t i ve days were averaged at the s tart of the 

experimental period. 

Body condition score c h an ge w a s  c a l c u l a ted i n  t h e  s am e  way as for the l iveweight 

change s tated above.  

B oth l iveweight and condition s core da ta  were s u bj e c t  to  a n alys i s  of covariance to test 

for treatment effects at the end of the e x pe ri m e nt a l  period.  Changes in l iveweigh t  and 

condition score over the experi m en ta l per iod w ere s u bj e c t  to analysis of variance to 

tes t  the difference due to t re a t m e n t s .  
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3.1 .3 DRY MATTER INTAKE ( D M I )  

3. 1 .3.1 Difference Method 

I n  the indoor experiments (Chapters 4 and 7) ,  t he amount of roughage consumed daily 

by each  cow was measured by the d i fference method i . e .  roughage in take was the 

difference between roughage offered and roughage refu ed. 

In  grazing experiments (Chapters 4 and 8 ) ,  t he average amount of pasture consumed 

by each cow of each group was est imated as t he d ifference between the pre-grazing 

herbage mass and the residual herbage m ass ,  m u l t i p l ied by the area al located daily and 

divided by the number of cows graz ing duri n g  tha t  t i m e .  

3.1.3.2 Chromium Dilut ion Met hod 

I n  Chapter 8, individual cow DM int akes were est imated using chromium sesquioxide 

(Cr203) as an indigestible marker ( Le Ou and Penn i ng , 1 982) .  Dry matter intakes were 

e s t im a ted u si n g  est im ates  of faeca l o u t p u t  a n e! in v itro O M O  accord ing  to the 

following equation : 

D M I  (kgDM/day) = Faecal Outpu t (kgDM/day) 

J - DMO 

Measurement of  Faecal Output 

I ndividual cows were dosed with a con t ro l led-re lease Cr203 capsules (CRC, Captec 

NZ Ltd., Auckland) at the start of the e x pe ri me n t .  The fi rst 6 days after dosing were 

used to allow the concentration of Cr203 to s tab i l i se throughout the digestive system. 

From days 7 to 14 samples of faeces were col lected once dai ly  (between 1 0.00am and 

1 4.00pm) from each cow as it defecated in t he paddock .  Faecal samples for each cow 

were bulked for two 4 day-periods and s to red at  -4°C. 
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Faecal samples were thawed, thoroughly mixed, subsampled, and oven dried at 80°C 

for 7 day s .  Dried s am ples  were ground to pass  a 2 m m  s ieve and analysed for 

chromium by spectrophotometer according to method A of Fenton and Fenton ( 1 979). 

Faecal output was calculated as follow : 

Faecal output (kgDM/day )  == average release of Cr;&3 (gm/day) x 0.00 1 

Cr203 in faeces (gm/gm DM faeces) 

3.2 SWARD M EASlJR E M ENl'S 

3.2. 1 HERBAGE M A SS PR E- A N D  POST-G R A Z ING 

In  Chapter 4, herbage enclosed wi th i n t h ree J m 2 ( )O  x 200 cm ) quadrats were cut with 

a hand sickle at 1 5  em above grou nd l e v e l  for each t re atmen t . After cutting, the three 

herbage cuts were bulked and fre s h  w ei g h t  were recorded. S ubsamples were taken for 

D M  determination. 

I n  Chapter 8, herbage enclosed w i t h i n  t e n 0. 1 �7) m 2  q uadrat s , to provided a s tratified 

random sampling within each days a re a  w i t h i n  e a c h  paddoc k ,  were cut to ground level. 

A sheep shearing hand piece powere d  by it m o b i l e  p e t ro!  m otor was used to cut the 

herbage samples .  Thi s operation w a s  a l \vays  c a rr i e d  o u t by the same operator, to 

m inimise the v ariability as soc iated w i th the t ec h n iq u e  ( Th om son , 1 986) . 

A fter c u tt in g ,  t h e  t e n  herb age c u t s  w e n:  b u l k e d  a n d  w a s h ed to re move  so i l  

contamination and  dried at  7 0 - 8 0 ° C  for 3 6  h o u rs for d r y  m a tter determination. A 

subsample bulked from each pre-gra z i n g  c u l t i n g , from e a c h  treatme nt and from each 

paddock was collec ted for c he m ic a l  a n a l y s t s .  The dry we i gh t of total herbage cut was 

u sed to estimate pre- and post-grazi n g herb,lge m ass (kgD M/ha) .  
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3.2.2 HERBAGE ALLOWANCE 

Herbage allowance (kgDM/cow/day) from each break was calculated by m ultiplying 

herbage mass (kgDM/ha) by the area grazed (m2 ) each day and divided by the number 

of cow grazed. 

3.2.3 H ERBAGE COMPOS IT ION 

3.2.3. 1 Chemical Analysis 

Dried samples of total herbage in the sward were bu l ked per paddock to facili tate 

herbage composition measuremen t s .  They were then ground through 1 mm screen and 

were subject to analyses for: 

a) Total n i trogen concen trat ion - g/kg - ( Kjeldah l ) ,  

b) Ash concentration - g/kg - (500°C/24 h rs ) ,  

c) I n  vitro digest ib i l i ty (Roughan and Hol land, 1 977 ) .  

Calculation of crude protei n  was made by  u s i n g  t he  commonly-accepted equation that :  

CP = 6 . 2 5  

where CP = Crude protei n ( % )  
N = N concentra t ion i n  th t:, dry ma t ter (%)  

Calculation of metabolisable energy was made lI s i ng  the assumption of that :  

where 

M/D = O. 1 6DOM D ( MA FF, 1 975 )  

M/D = ME concen tra t ion i n  the dry matter 

DOMD = D iges t i b le organic ma r tel' i n  the dry matter from in vitro 

analy se s . 
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3.2.3.2 Digestibi l i ty, Measured In Vivo, for Pasture Cut in Two Strata 

At the s ame time as the experiment described in Chapter 8 was in progress,  8 sheep 

were used to measure the in vivo d i ge s t i b i l i ty  of herbage c u t  from two s trata in a 

pasture similar to that grazed by the cows . 

Eight fem ale s heep were randomly ass igned i n to two treatment groups (four sheep per 

group) .  One group was fed on herbage from the upper strata ( 1 5 -20 em cutting  height). 

The other group was fed OIl herbage from t h e  bottom s trata (6-8 em cutting height). 

S heep were allowed to become accu s tom e d t o  t h e i r  d i e ts for 5 days before faecal  

collection started. Cut  herbage was offered to t h e  s h e e p  ad libitum i I l to two allotments 

per day. Herbage refusa ls  were re moved.  i n d i v i d ua l ly  weighed and subsampled for 

D M  determi nation daily .  The total col le c t i on period was divided in to two c onsecutive 

5 day collection periods .  H erbage to l)(� fed to t h e  s he e p  was C Ll t  each morning by 

S ickle B ar Mower. 

The cut herbage was thoroughly m i xe d  a n d  s u b s a m p J e d  for DM determination .  A 

separate subsample was  frozen a n d  b u l k ed o ve r a 5 day  co l lec t io n  period and 

subsequen t ly  freeze dried and g ro u n d  to  p a s s  1 mm screen for in vitro digestibility 

determination. 

Faeces  voided by each sheep were c o l l ec te d  d a i l y .  stored in  the freezer and bulked 

over a 5 day collection period. A t  t h e  e n d  of e ac h  5 day collection period, faeces were 

weighed i ndividually for each s h e e p ,  t horou g h ly m i xe d  and subsam pled in triplicate 

for D M  determination. The D M D  of t h e  h erhage was calculated as : 

w here 

D M D  D M !  � FD M * 1 00 
D �vl 1  

D M D  = D ry matter d i ge s t i b i l i t y  
D M I  = Dry m atter i n t ake 
FDM = Faeces dry m (l tl l�r 

For the calculation of OMD, the sam ple s of h erbage and faeces were subject to ashing 

(500°C for 1 2  hours) and the OM i n eac h detl' rm i ne .  OM v alues were then substituted 

for D M  in the above equation.  
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4 STATISTICAL A NA LYSIS MODE LS 

4.1 A N AL YSIS O F  VARIANCE 

S w ard (HM, RHM, HA) ,  i n take ( D M !  and M E l )  and l ive weight change data were 

analysed using analysis of variance (Steel and Torrie, 1 986) as the following model. 

w here: 

4.2 

Yij 

11 
= the observation on t he j ill i nd i v id u a l  exposed to the i th treatment. 

= the u nk nown pop u l a t ion m e a n .  
= the effect of t he i t ll t rea t m e n t .  
= the random e rror a s soc i a te d  w i t h  t h e  j th indiv idual exposed to 

the i th t re a t m e n t .  I t  i s  a s s u me d  t h a t  ei j  is normally distr ibuted 

wi th mean 0 and var iance 02 
' 

ANALYS IS OF COV A R I ANCE 

Final l iveweight and condition score were ana l y s e d  u s ing the analysis of covariance 

(Steel and Torrie, 1 986) as the fol l ow i ng model 

where: 

Yij 

11 

V "  = I I  + a· + 13 x . .  
• 1J r-' 1 . 1 ]  

= the observation o n  t he j1h i nd i v id u a l  exposed to the i th treatment. 

= the u n k n own popu l a t ion m e a n . 
= the effect of t h e  i t h  treatm e n t. 
= the regression coefficient of Yi j on Xi j 
= the random e rror as soc i a ted \� i t h  t h'e /h i ndividual exposed to 

the j th treatm en t .  I t  is a s s u m e d  t h a t  e i j i s  norm ally distr ibuted 

with mean () a n d  v a ri a nce 02 
' 
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4.3 ANALYSIS OF CO V A R IANCE ( REPEATED MEAS U R EM ENT) 

Yields of milk,  m ilk  fat, mi lk  protein  and m i l k  lactose, mi lk composi tions ,  and live 

weight and condition score were analysed using the repeated measurement analysis of 

covariance (Gi l l  and Hafs ,  1 97 1 ;  Morri son , 1 976; Bryant and Gil l i ngs, 1 985) as the 

fol lowing model .  

where: 

yp ij 

X . .  IJ 
epij 

= the observat ion on the j1h indiv idual measured in the pth week 

and belong ing to the i th treatment .  

= the overal l  mean togerher wi th the effect of the pth week. 
= the effect of t he i th treatment  i n  the pth  week .  

the regression coefficient of Yi ' on xij i n  the pth week. 

= the i n itial observat ion on the /� indiv idual in the ith treatment. 

= random residual effects, wh ich are assumed to be ident ically and 

independent ly dis t r ibuted w i t h i n  the pth week , but there being 

covariance across weeks .  
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4.4 ANALYS IS OF V A R I ANCE ( LATIN SQ UARE DESIGN) 

In Chapter 6, intakes of hay OM, concen trate OM and water were analysed using 

analysis of variance in the Latin Square ( Steel and Torrie, 1 986). Digestibi l i ties of DM 

and protein, degradation of DM and prote i n  i n  hay and concentrate were also analysed 

using the following model :  

where: 

Yijk(t) 

Yijk(t) = )..l + t i + P ij + s i k  + lI ( t ) + t i * U(t) + e ij k(t) 

= the observat ion on the t th  t reatmen t in the }h row (period) and 

kth col u m n  (sheep )  w i t h i n  the i t h  tem perature . 

= the popu la t ion mean .  

= the fixed effect of the i t h tem pera ture cond i tion . 

= the random e ffec t  of t he  /h period wi th i n  the i th temperature 

condition assumed to be norma l ly  and i ndependen t ly distributed 

with mean 0 and vari ance 0p 2 
= the random effec t  of t he k th sheep wi th in  the ith temperature 

condi tion assumed to be norma l l y  and independently distributed 

with mean 0 and variance Os 2 .  
= the fixed effect  o f  t he t t h  t reatmen t .  

= the random res idua l  e ffec t  u n i que to Y ij k(t) which is assumed to 

be norm a l l y and i ndepende n t l y  d i s tr i  bu ted with mean 0 and 

vari a nce 0e 2 
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A N A L Y S I S O F  V A R I A N C E  ( L A T I N  S Q U A R E  D E S I G N  

REPEATED MEASURE MENT ) 

In  Chapter 6, rumen ammon ia concen trat ion , rumen pH and rumen YFA were analysed 

using the following model : 

where: 

Yh ijk(t) 

Ilh 
tih 

Pijh  

Yhijk(t) = Ilh + t ih  + Pij h + S i kh  + lI h ( t )  + t ih 
* uh( t) + ehijk(t) 

= the observat ion on the t th treatmen t  i n  the }h row (period) and 

kth column  ( sh ep )  w i t h in  the i t h  tem perature measured at hth 

hour. 

= the popu lation mean together wi th the effect of the hth hour. 

= the fixed effect of the i th tem perature condi t ion in the hth hour. 

= the random effect  of the / h period w i t h i n  the ith temperature 

co n d i t i o n  a t  h t h  hour  a n d a s s u m e d  to be norm al ly  and 

i ndependen t ly  d i s t r ibu ted with mean 0 and variance O"p 
2 

= the random e ffec t  of the k th  hee p w i t h i n  the i th temperature 

cond i t i o n  a t  h t h  h o u r ,  a n d a s s lI m e d  to be  norm a l l y  and 

i ndependent ly d i s tri buted wi th  mean 0 and variance O"s
2. 

= the fixed effect of the t th treatment measured at hth hour. 

= the random residual  effect un ique to Yhijk(t) which is assumed 

to be normal ly and independent ly  distributed within the hth hour 

with mean 0 and variance O"e 2 .  
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The following symbols w i l l  be used througholl t th i s  thes is  to determine the level of 

significance of differences between means .  

* * *  

* *  

* 

N S  

S ignificant difference a t  the probabil ity < 0.00 1  

S ignificant difference at the probability < 0.0 1 

Significant difference at the probability < 0.05 

Not s ignificant difference . 
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