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ABSTRACT

LYSINE ADEQUACY OF THE LACTATING COW

BY

Kenneth J. King

The objectives of this research were to determine the

influence of dietary protein source on amino acids available

for digestion and metabolism, and to quantify post-ruminal

lysine required by the lactating cow for high milk produc-

tion. Three lactation experiments were conducted. In

experiment 1, six lactating Holsteins, with duodenal T-

cannulae, were used in a double 3 X 3 Latin square

experiment to determine the influence of dietary protein

source (blood (BM), corn gluten (CGM), and cottonseed meal

(CSM)) on amino acid profiles of duodenal chyme and plasma.

Experiments 2 and 3 were conducted to determine the quantity

of post-ruminal lysine necessary to meet the lysine

requirements for lactating cows. In experiment 2, six

lactating Holsteins, with abomasal cannulae, were used in a

double 3 X 3 Latin square experiment containing an extra

period. Experiment 3 used twelve lactating Holsteins,

fitted with abomasal cannulae, in a 5 X 5 Latin square

experiment with two replacement animals. Cows were fed a



Kenneth J. King

corn grain-corn silage diet containing a corn gluten meal

supplement similar to that of experiment 1. L-lysineTKfl.

was infused abomasally at levels of 0, 45, and 90 g/d in

experiment 2, and 0, 22.5, 45, 90 and 180 g/d in experiment

3. BM and CGM increased protein passage to the duodenum

(23%) above that which was consumed (P<.05). Patterns of

amino acids flowing into the duodenum closely reflected diet

differences. Apparent digestible nitrogen (P<.05), net

protein utilization (P<.10) and protein biological value

(P<.10) was greatest for CSM, intermediate for CGM, and

least for BM. The first three limiting amino acids measured

by mammary extraction coefficients for BM were methionine,

threonine, phenylalanine; for CGM they were threonine,

methionine, lysine; and for CSM they were lysine, methio-

nine, histidine. Thus rumen undegraded dietary protein

influenced quantity and quality of amino acids available for

digestion and metabolism. A positive linear response to

lysine infusion occurred for milk protein synthesis and

plasma lysine concentration (P<.05). In experiment 3 a

quadratic response to infusion was found for venous lysine

concentration (P<.05). The lysine requirement for cows in

experiment 3 was estimated at 225 g of digested lysine/d. I

conclude that lysine was the limiting amino acid for milk

production in Holstein cows fed predominantly corn proteins.



Dedicated in loving memory to my father,

Dudley Clement King, Jr.

iv



ACKNOWLEDGEMENTS

This research would not have been possible without the

contributions of

Dr. Mary Schmidt

acknowledged. I

for their aid in

The guidance

Tucker, K. Ames,

is appreciated.

input of Drs. J.

Thomas, my three

many people. The coordinated skills of

and the dairy farm employees is gratefully

am indebted to Alan Grant and Doug Grieve,

all aspects of this research.

of my graduate committee, Drs. H. A.

J. T. Huber, J. W. Thomas and W. G. Bergen,

I was particularly fortunate to have the

Tal Huber, Werner G. Bergen and J. W.

major advisors.

The support from my mother, Dorothy King, and my

siblings, Deborah, James, Steven, Donald, Gary, Robert, and

Sandra was more than I deserved.

Last, I would like to acknowledge my wife, Vickie who

provided statistical and emotional support, and my daughter,

Chantal Elizabeth, whose life has just begun.



TABLE OF

LIST OF TABLES . . . . . .

LIST OF FIGURES . . . . . .

LIST OF ABBREVIATIONS . . .

INTRODUCTION . . . . . . .

LITERATURE REVIEW . . . . .

Protein Quality . . . . .

Types of Digested Proteins

Rumen Protein Metabolism

Protein Flow to the Duodenum .

Degradation of Feed Proteins .

Ruminal Degradation of Amino Acids

Post-Ruminal Digestion of Protein

Cellular Transport of Amino Acids

Amino Acid Metabolism . .

Protein Reserves . . . .

Mammary Amino Acid Metabolism .

Transport . . . . .

Metabolism . . . . .

Synthesis . . . . .

Blood flow . . . . .

Amino acid supply .

Limiting amino acid

Lysine Antagonism . . . .

omECTIVES O O O O O O O 0

vi

CONTENTS

Page

viii

xi

12

18

19

21

24

27

29

32

34

34

37

39

40

4o

42

46

48



MATERIALS AND METHODS

Experiment 1

Experiments 2 & 3 .

RESULTS AND DISCUSSION

Experiment 1

Experiments 2 & 3 .

General Discussion

SUMMARY .

BIBLIOGRAPHY

vii

page

50

50

54

59

59

71

86

88

89



Table

1.

2.

10.

11.

LIST OF TABLES

Selected plasma amino acid profiles for

ruminants. . . . . . . . . . . . . . . . . . . .

In yivo estimates of undegraded protein for

common feedstuffs when total DM intake is in

excess of two percent of body weight . . . .

Essential amino acid composition of the total

protein in common feedstuffs fed to ruminants

(g/lOOg total amino acid) . . . . . . . . . . .

Individual amino acid intake and flow to

the duodenum of cows fed four protein

supplements. . . . . . . . . . . . . . . .

Amino acid transport pathways in jejunal

membrane vesicles. . . . . . . . . . . . . . . .

Feed ingredients of diets supplemented with

three protein sources and fed to lactating

cows. Experiment 1 . . . . . . . . . . . . . . .

Chemical composition of total mixed diets fed

to lactating cows. Experiment 1 . . . . . . .

Feed ingredients and nutrient composition of

experimental diet fed to lactating cows.

Experiments 2 & 3 . . . . . . . . . . . . . .

Influence of feeding three protein sources on

daily production parameters of lactating cows.

Experiment 1 O O O O O O O O O O O O O O O O O 0

Concentration of VFAs (mM), ammonia (mg/d1),

and pH in rumen fluid of lactating cows three

protein sources. Experiment 1. . . . . . . . . .

Intake and ruminal-reticular digestibility of

nutrients by cows fed three protein sources.

Experiment 1 . . . . . . . . . . . . . . . . .

viii

Page

10

23

27

51

51

56

60

60

62



Table Page

12. Amino acids present in diets and duodenal chyme

of lactating cows fed three protein sources.

Experiment 1 O I O O O O O O O O O O O O O O O O 6 4

13. Essential amino acid profile of undegraded

feed and endogenous protein passing to the

duodenum of cows fed three protein sources.

Experiment 1. . . . . . . . . . . . . . . . . . 66

14. Plasma amino acid concentrations and mammary

extraction coefficients of lactating cows fed

three protein sources. Experiment 1 . . . . . . 68

15. Influence of three protein sources on nitrogen

(N) digestion and metabolism by lactating cows.

Experiment 1 . . . . . . . . . . . . . . . . . . 70

16. Influence of three protein sources on digestion

and metabolism of intestinal nitrogen (N) by

lactating cows. Experiment 1 . . . . . . . . . . 71

17. Daily intake and production parameters of

lactating cows abomasally infused with L-lysine‘

HCl. Experiments 2 & 3 . . . . . . . . . . . . . 73

18. Plasma amino acid concentrations of lactating

cows abomasally infused with L-lysineTKflu

Experiment 2 . . . . . . . . . . . . . . . . . . 75

19. Plasma amino acid concentrations of lactating

cows abomasally infused with L-lysineTKnu

Experiment 3 . . . . . . . . . . . . . . . . . . 76

20. Mammary extraction coefficients of cows

abomasally infused with L-lysineTKH”

Experiments 2 & 3 . . . . . . . . . . . . . . . 81

21. Nitrogen (N) partitioning by lactating cows

abomasally infused with L-lysineTKn”

Experiments 2 & 3 . . . . . . . . . . . . . . . 85

ix



LIST OF FIGURES

Figure

1.

2.

Principal amino acid flow between ruminant

tissues . . . . . . . . . . . . . . . . . .

Amino acid uptake by mammary glands of ewes as

a percentage of the output of the same amino

aCid in milk I O O O O O O O O O O O O O 0

Amino acid profiles of diets, duodenal chyme,

and venous plasma of cows fed three protein

sources. Experiment 1. . . . . . . . . . .

Quadratic response for plasma lysine concentra-

tion in cows abomasally infused with

L-lysine'HCl. Experiment 3 . . . . . . . .

Plasma concentrations of free amino acids from

cows abomasally infused with L-lysineTKn”

Expatiment 3 O O O O O O O O O O I O O O O

Broken-line analyses of lysine concentration

in plasma of cows abomasally infused with

L-lysine'HCl. Experiment 3 . . . . . . . .

Page

31

35

65

77

78

80





ATP

AV

BV

BW

CGM

CP

CSM

DHI

d1

OM

OM

FCM

LIST OF ABBREVIATIONS

amino acid

acid detergent fiber

adenosine triphosphate

arteriovenous

blood meal

biological value =

(ingested N - feces N - urine N)/(ingested N -

feces N)*100

body weight

degree centigrade

corn gluten meal

centimeter

crude protein

cottonseed meal

coefficient of variation

day

Dairy Herd Improvement

deciliter

dry matter

dry matter intake

apparently digested N = (ingested N - fecal N) /

ingested N * 100.

essential amino acid

fat corrected milk

xi





Abbreviations (con't.)

9 gram

h hour

HPLC high pressure liquid chromatography

IN ingested N

kg kilogram

meter

ME metabolic energy

mg milligram

min minute

MU megajoule

mm millimeter

mRNA messenger ribonucleic acid

NAN nonammonia N

NDF neutral detergent fiber

NEAA nonessential amino acid

nM nanomolar

NPN nonprotein N

NPU net protein utilization =

(ingested N - feces N - urine N) / ingested N * 100

P probability

PAA plasma amino acid

PFF protein free filtrate

R2 coefficient of determination

RDOM rumen digested organic matter

RN duodenal N

SCC somatic cell count

xii





Abbreviations (con't.)

SCM solids corrected milk

SNF solids not fat

tRNA transfer ribonucleic acid

UDN ruminally undegraded N

uM micromolar

VFA volatile fatty acid

xiii



INTRODUCTION

Dairy cows in early lactation need amino acids, which

are supplied from three sources - 1) microbial protein

synthesized in the rumen, 2) feed proteins resistant to

rumen microbial degradation but potentially digested in the

small intestine (rumen undegraded feed proteins), and 3)

protein stored in body reserves. Computer-models have been

developed which quantitatively define protein requirements

for lactating dairy cows (102, 241); however, individual

amino acid requirements are unknown. Low milk production

can get sufficient protein from source #1 alone, but as milk

production increases the other two protein sources are

brought into action. Cows then rely more on proteins which

pass through the rumen undegraded (102, 161, 201). Thus,

quantity and/or quality of feed protein reaching the small

intestine might influence milk yields under conditions such

as in early lactation and very high milk yields.

Several feed and/or food by-products have the character-

istic of supplying proteins which pass through the rumen

undegraded. These protein sources have often increased

growth efficiency of young cattle (57, 183, 219) and sheep

(1, 44), and resulted in higher milk production in dairy

cows (109, 119, 215). Information is needed on how the
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quality of undegraded proteins in the ruminant diet might

influence the array and quality of absorbed amino acids,

since the amino acid complement of the undegraded fraction

could contribute greatly to the total amino acid supply.

Many attempts have been made to determine the limiting

amino acid for milk production and/or milk protein synthesis

(33, 41, 49, 53, 66, 68, 185, 237). Few attempts have been

made, however, to determine the quantity of an amino acid

necessary to support a given level of milk production by

lactating cows (45, 78, 184, 209). This, in part, is due to

the difficulty of controlling the array of amino acids

available for digestion (due to rumen microbial protein

degradation and protein synthesis) and the difficulty in

quantifying the amino acids passing to the intestine.

Casein infused abomasally increased plasma concentra-

tions of essential amino acids in cows, which was associated

with increased production of milk protein (49, 53, 66, 184,

185, 237). Cows infused abomasally with specific combina-

tions of amino acids had similar milk production responses

as casein-infused cows (208). Methionine, phenylalanine,

threonine, lysine, and histidine have been suggested most

often as the limiting amino acids for milk production in

these infusion studies.

When corn products are substituted for other feed

protein sources, duodenal flow and plasma concentration of

lysine are reduced (38, 153, 162, 215). Therefore diets
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containing corn gluten meal may result in lysine as the

limiting amino acid for animal performance and present a

logical animal model for determining lysine adequacy of

lactating cows.

The objectives of these experiments were:

1) to determine the influence of three protein supple-

ments (blood, corn gluten, and cottonseed meals) on

duodenal and plasma amino acid profiles of lactat-

ing cows.

2) to quantify post-ruminal lysine required by the

lactating cow for high milk production.

Research for objective 1) was conducted in conjunction

with Mohammed Sadik's Masters of Science research project

(198). Sadik quantified microbial protein passage to the

small intestine of cows fed the three protein supplements.

This entailed feeding 15N-ammonium sulfate to cows and

measuring 1"’N enrichment of the microbial fraction in the

duodenal chyme. Selecteddata from Sadik's thesis will be

presented to facilitate understanding of experiment 1.



LITERATURE REVIEW

Protein nutrition for the dairy cow has been the subject

of countless investigations, reviews, and symposiums.

Research in this area continues to lead to improvement in

understanding nutrient digestion and metabolism for milk

production. Recently, improving protein quality for dairy

cows by addition of amino acids (AA) has been a subject of

several investigations. This review will examine the AA

nutrition for the lactating dairy cow.

W

A good quality protein results in a balanced complement

of AA absorbed from the small intestine which can than be

used by body tissues for efficient metabolism. Poor quality

proteins are characterized by being excessive or deficient

in one or more AA, and (or) protected from enzymatic diges-

tion by physical or chemical cross-links. Protein quality

can be improved by one or more processes such as 1) adding

one or more essential AA, 2) processing proteins to prevent

cross-links, 3) treating proteins to break cross-links.

Several methods for determining the relative quality of

proteins are described by Hegsted (96). These methods

involve chemical assays, microbial assays, in yitro
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enzymatic digestion followed by assay, or in 2129 balance

studies or growth responses. These methods compare a

reference protein, usually egg or casein, to the test

protein. -.

In 2122 methods require nitrogen (N) balance studies for

determining Biological Value (BV) or Net Protein Utilization

(NPU). BV is a measure of the proportion of digested

protein retained by the animal (BV - [consumed N -feces N -

urine N] / [consumed N - feces N]). The Thomas-Mitchell

procedure for BV contains methods to determine the endogen-

ous protein contribution to both the urine and feces, and

corrects the equation to give the true BV of the dietary

protein source studied. Similar to BV is NPU; however, it

is expressed as the proportion of ingested N that is retain-

ed (NPU = [ingested N - feces N -urine N] / ingested N]).

If experimental conditions are well defined, changes in

plasma AA (PAA) concentrations can be useful for assessing

AA status of animals. Bergen (19) reviewed factors which

influence PAA concentrations when determining limiting amino

acids in animals. The PAA pool is small and can be greatly

altered by the physiological as well as the nutritional

status of the animal. Low plasma concentrations of essen-

tial AA (EAA) may be a result of either a dietary protein

deficit or increased uptake of EAA for protein synthesis;

high plasma concentration of EAA may be a result of dietary

protein excess or extensive net catabolism of body protein.
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TABLE 1. Selected plasma amino acid profiles for

ruminants.‘

 

 

  

 

Amino acids Sheepb Bulls? Steersd Dairy cows'

umol/dl

Lysine 10.4 8.8 10.0 6.6

Methionine 3.4 .8 2.9 2.6

Cystine 2.4 5.7 1.2 3.8

Valine 20.0 22.0 11.0 17.6

Isoleucine 8.8 8.7 8.9 8.5

Leucine 15.0 14.3 17.6 14.6

Phenylalanine 6.0 4.4 5.5 3.7

TEAA 91 85 73 84

TNEAA‘ 167 - 96 125 93

TAA 258 181 198 177

‘ from Bergen (19).

b Bergen et a1. (21)- *

° Boling et a1. (30).

‘ Oltjen and Lehman (155).

; Broderick et a1. (33).

Total essential amino acids, sum of Lys, His, Arg, Thr,

Val, Met, Cystine, Ile, Leu, Tyr, Phe.

‘ Total nonessential amino acids, sum of Ser, Glu, Gln, Asp,

Ala, Gly, Pro, Orn, Cit, 3-Methy1 His, N Methyl, Lys.

Under these conditions PAA profiles will not necessarily

reflect dietary AA patterns or protein status.

'Normal PAA profiles of various ruminants are listed in

table 1. Variation in AA concentrations by dietary manipu-

lation will influence their availability for organ

metabolism (64, 141).

TInes_9f_nisestsd_£reteins

Dietary protein for ruminants may include N containing

compounds which are not used as protein by nonruminants.

Amino acids for ruminant digestion are derived from micro-

bial protein synthesized in the rumen from degraded feed N
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and recycled urea, endogenous protein from gastric and

intestinal secretions, sloughed epithelial tissue, and feed

protein which escapes rumen microbial degradation.

The microbial biomass found in the rumen is comprised

primarily of three different populations: bacteria, proto-

zoa, and fungi. Bacteria produce ammonia (N113) as a product

of fermentation from many types of N compounds and use NH3

for synthesis of protein (129). Protozoa from the environ-

ment populate the rumen and are involved in proteolysis and

deamination of dietary and bacterial proteins (82, 123).

Little is known about the nitrogen metabolism of fungi, but

these organisms appear to have specific AA requirements

(87).

The AA profile of ruminally synthesized microbial

protein passing to the abomasum is not markedly affected by

diet composition (22, 117). Changes in individual species

of bacteria by dietary manipulations do not influence the AA

profile of the combined bacterial fraction (176); however,

the AA complement of the protozoa fraction may be manipu-

lated by diet. TryptOphan content of rumen protozoa may

fluctuate with type of diet animals are fed (74). The

change in tryptophan content of protozoa did not limit AA

utilization or protein metabolism by mature sheep (74).

Histidine was the most limiting AA for N balance when rats

were fed protozoa protein and cystine was most limiting when

fed bacteria protein (23). The potential limiting AA for
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rats fed the combination of both populations were histidine,

cystine, leucine, arginine and lysine (23). The BV, NPU

values for bacteria and protozoa were 85.0, 63.4 and 82.0,

71.4%. respectively, compared with casein which had BV, NPU

values of 89.5 and 87.0% (23).

Rumen microorganisms administered abomasally to sheep

maintained by intragastric infusions of VFA and minerals,

were 81% truly digested and had a NPU value of 54% (223).

In companion trials, cystine and histidine were the least

digestible of the AA (221), and methionine and lysine were

the first and second limiting AAs for N retention (222).

Salter and Smith (199) determined, using 15N procedures,

that bacteria protein digestibility was only 74% in steers.

Legumes and oil seeds are the most common sources of

protein fed to ruminants; however, more competitively priced

and (or) better quality proteins can be substituted. Plant

and animal by-products from the food industry have been

incorporated into diets of ruminants. These sources vary

considerably in the proportion of protein which is degraded

in the rumen (table 2). Protein quality depends on the AA

profile of the fraction resistant to degradation in the

rumen, which will be discussed later. Comparisons of AA

profiles for commonly fed protein supplements and milk

protein are in table 3.

Non-protein N (NPN) sources such as Deny-100, Starea,

biuret, isobutylidene diurea, urea, and N143, have also been





TABLE 2. In 2129 estimates of undegraded protein for common

feedstuffs when total DM intake is in excess of two percent

of body weight.1

 

 

Feed n2 Range3 :mean Adj. mean‘

Grains

Barley 2 .14- .28 .21 .20

Corn 3 .58- .73 .65 .50

Milo 8 .20- .69 .52 .50

Oil meals

Peanut 2 .22- .37 .30 .25

Sunflower 2 .19- .28 .24 .25

Soybean 13 .10- .61 .27 .30

Cottonseed (solvent) 6 .24- .61 .41 .35

Cottonseed (prepress) 2 .35- .38 .36 .40

Cottonseed (screw press) 2 .43- .57 .50 .45

By-product feeds

Corn gluten feed 2 .14- .26 .20 .20

Brewers dried grains 5 .27- .66 .53 .50

Corn gluten meal 3 .46- .51 .55 .55

Distillers grains 4 .47- .68 .56 .55

Blood meal 2 .54- .82 .68 .65

Meat and bone meal 2 .49- .70 .60 .65

Fish meal 6 .69-1.00 .80 .70

Forages

Alfalfa silage 1 ... .17 .25

Alfalfa silage5 2 ... .33 .30

Alfalfa hay 6 .09- .41 .23 .25

Corn silage 1 ... .27 .30

Alfalfa (dehydrated) 4 .43- .66 .56 .50

Other

Soybeans 0 .20

Cottonseed 0 ... ... .30

 V

1 from Satter (202).

2 number of measurements.

3 expressed as a fraction of total CP.

‘ means for in 2129 measurements have been adjusted to

reflect in 21;;g and in E122 information on protein

degradation.-

5 treated with formic acid and formaldehyde.
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somewhat successfully incorporated into diets of ruminants

(102) . These NPN sources must be utilized as NI-I3 by rumen

bacteria before the ruminant will benefit from these as

protein sources (102). Other NPN sources include peptides,

nucleic acids, and free AA. These may be incorporated

directly into the microbial biomass, converted to NI-I3 and

then used for protein synthesis: or passed directly to the

abomasum for digestion and absorption in the intestine (5,

48, 196). Lactating cows may pass up to 34 g peptide N / d

to the small intestine (48).

The contribution of endogenous protein to the AA pool in

the intestine varies with the diet, and its contribution

TABLE 3. Essential amino acid composition of the total

protein in common feedstuffs fed to ruminants (g/100 9 total

amino acid).1'z

 

 

Supplement Arg His Ile Leu Lys Met Phe Thr Val

Milk protein 3.6 2.1 5.6 9.7 7.9 2.5 5.2 4.6 6.6

Alfalfa hay 4.5 2.0 4.0 7.5 4.5 1.5 5.5 4.5 2.5

Blood meal 4.0 5.0 1.1 12.8 7.6 1.2 6.9 4.4 8.1

Brewers grain 5.0 1.6 5.8 8.9 3.5 1.5 5.0 3.5 6.2

Corn grain 5.7 2.3 4.5 12.5 2.3 1.9 5.7 4.5 4.5

Corn gluten meal 3.3 2.3 5.4 17.7 1.9 2.3 6.8 3.3 5.1

Cottonseed meal 9.5 2.5 3.7 5.6 4.2 1.6 5.5 3.4 4.1

Oats grain 6.0 1.5 4.5 7.5 3.0 1.5 5.3 3.1 5.3

Rapeseed meal 5.5 2.7 3.6 6.7 5.3 1.9 3.8 4.2 4.8

Soybean meal 7.0 2.4 5.5 7.4 6.3 1.3 4.8 3.7 5.2

Wheat grain 5.6 2.1 4.2 7.0 3.5 1.4 4.9 2.8 4.2

Whey, dried 2.9 1.4 6.5 10.1 8.0 1.4 2.9 5.8 5.1

 

1 from Ensminger and Oletine (72).

2 Arg=arginine, His=histidine, Ile=isoleucine, Leu=leucine,

Lys=lysine, Metamethionine, Phe=phenylalanine, Thr=

threonine, Valxvaline.
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increases as the dietary protein intake increases (73).

Endogenous N flowing into the rumen includes salivary secre-

tions containing mucin and urea (115); non-ammonia N (NAN)

derived from sloughed epithelial cells from the respiratory

tract, mouth, and esophagus: keratinized epithelial tissue

of the rumen; and urea entering through the rumen wall

(160). These sources are mostly degraded to NH5 in the

rumen; however, Orskov g2 g1. (160) measured high cysteine

content in the AA profile of protein flowing to the abomasum

in cows maintained with intragastric infusion of VFA. They

suggested that the high cysteine content is characteristic

of undegraded epithelial tissue.

The quantity of NAN flow to the duodenum derived from

endogenous sources was variable (50 to 100 mg/kg BWJfi)

between animals in experiments with cattle and sheep (160).

Gastric secretions from the fundic region of the abomasum

contributed little to the endogenous AA pool, and were also

variable between animals (95). Tamminga g; _1. (228)

estimated the endogenous contribution, originating from

secretions in abomasal juice, pancreatic juice, bile, and

epithelial cells, was approximately 4 g of N / kg dry matter

ingested by cattle. Sklan and Halevy (211) estimated total

endogenous contribution entering the small intestine at .9 g

of N / kg BW of sheep.
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W

A goal of dairy cattle nutritionist is to maximize the

quantity of amino acids available for digestion in the

intestine. This entails maximizing microbial protein yield

and undegraded feed protein passage. For this to occur, an

optimum balance between degradable and undegradable protein

must exist. Factors affecting degradation of feed proteins

in the rumen are protein source, physical and chemical

methods of processing, passage rate of digesta from the

rumen, energy intake, rumen pH, and growth factors for rumen

microbes (102).

The quantity of degradable protein necessary to maximize

microbial growth in the rumen is determined by the amount of

potentially rumen digestible carbohydrate in the diet (24).

Microbial organisms require an available source of NPN and

carbohydrate for growth. Adenosine triphosphate (ATP) is

derived from the fermentation of carbohydrates to VFA.

Bacteria utilize energy from ATP for synthesizing microbial

cells (156). Efficiency of microbial cell (protein) yield

is measured by the amount of energy used in the process of

growth (synthesis). In 21219 systems estimate microbial

efficiency by measuring microbial protein yield from ATP

generated during fermentation. Microbial protein yield as a

proportion of ruminally digested organic matter (RDOM) is

the most common measure of efficiency with in 2129 systems

(24) .
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Mehrez g2 g1. (137) determined the optimum rumen NH3

concentration needed to maximize the rate of dry matter

fermentation in 51331 (nylon bags) was 23 mg NHa/dl in sheep

fed a barley diet. Others have shown that 5 mg NHa/dl was

effectively maximized microbial cell yield in 21229 (197,

204). Schaefer g5 g1. (205) observed that many predominant

species of rumen bacteria grown in pure culture could

achieve 95% of their maximum specific growth rate in a

medium containing less than 2 mg NHa/dl. Pisulewski 93.; 11.

(172) found concentrations for maximal microbial growth in

2129 varied between diets. Optimum concentration ranged

from 2.5 to 10.2 mg NI-Ia/dl. The different optimum NH3

concentrations for maximum cell yield could be a attributed

to micro-environments within the rumen (156). Higher

concentrations of rumen NH, may be required at times to

insure an optimum concentration of NH3 in the micro-

environments of the rumen.

The tertiary structure of proteins is another important

determinant of resistance to microbial degradation (124).

Cereal grains and protein supplements contain four major

classes of proteins that may be characterized by their

solubility in different solvents. These include albumin and

globulins which are of low molecular weight and soluble in

rumen fluid (51). Prolamines and glutelins have greater

molecular weights and contain disulfide bonds, making them

less soluble in rumen fluid and more resistant to enzymatic
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attack (51). There is generally a good correlation between

dietary protein solubility and their potential for microbial

degradation: however, proteins such as bovine serum albumin

and ovalbumin are exceptions. These proteins are soluble

but their numerous disulfide cross-links prevents

accessibility by proteases (133).

Various processing methods decrease the extent of

protein degradation in the rumen without impairing AA

availability further down the tract. These techniques

involve formation of a limited number of cross-links. One

method is to treat proteins with aldehydes (8, 12).

Condensation reactions between the aldehyde and the AA form

stable methylene cross-links between protein chains. The

methylene cross-links are not hydrolyzed until exposure to

pepsin in acidic conditions of the abomasum. Heat process-

ing is another common method of forming cross-links between

proteins to reduce degradability. The heat causes carbonyl

groups of sugars to combine with free amino groups of

proteins in the Maillard reaction (28, 55). Even in the

absence of sugars or carbohydrates, extensive heating causes

amide bonds to form between the NHz group of lysine or other

free amino group and carbonyl groups of proteins (27).

These linkages are more resistant than peptide bonds to

enzymatic hydrolysis. Heat treatment of soybean meal may

reduce protein solubility without effecting its degrad—

ability (116). Kung (119) showed soybean meal heated to 149
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°C for 4 h had a reduced degradability from those heated at

lower temperatures or for less time, even though their

solubilities were similar. However, care must be taken to

avoid excessive alteration of the protein rendering the

protein indigestible in the intestine (231).

Diets which influence turnover time of rumen DM will

affect protein degradation. The influence of ruminal

turnover on protein degradation is described in a scheme

proposed by Pichard and Van Soest (170). Protein degrad-

ability was calculated by the equation:

UDN = A + [Bl'kBl/(kBl-l-krn + [Bz'kB,/(kB2+kr)]

where UDN is the undegraded protein, fraction A is a water

soluble NPN fraction that includes nitrate, ammonia, amines,

and free amino acids, which are degraded rapidly and

completely. The insoluble component is composed of a

rapidly degraded fraction (B1) , a more slowly degraded

fraction (32) , kB1 and sz are the degradation rates, and kr

is the rate constant for rumen DM turnover. An indigestible

fraction (C) is calculated by subtracting the A and B

fractions from the total protein. A more simplistic model

used by Laycock and Miller (121) is calculated by the

equation:

UDN = A + (1-A)'[kd/(kr+kd)]
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where kd is the rate of degradation for the insoluble

fraction: A, kr as above, while 1-A equals fractions BU.I§

and C in the Van Soest scheme (170). Lindberg (125)

reported slower rumen turnover time of protein from

cottonseed meal than for either rapeseed meal or soybean

meal.

Tamminga g; 51. (228) fed lactating dairy cows mixed

diets consisting of long meadow hay and ground, pelleted

concentrates containing a mixture of proteins. As dry

matter intake of the same feeds was increased from 8.2 to

12.9 kg/cow/d; the fraction of rumen undegradable protein in

the diet increased from 29 to 45%. zinn and Owen (248) fed

high concentrate diets at various levels of intake to

steers. Increases were noted for the portion of feed

protein reaching the duodenum, the amount of bacteria

protein synthesized, and microbial efficiency with increased

intake. Feed intake alters passage and supply of intes-

tinally digested protein, need for degradable N in the

rumen, and efficiency of microbial growth (20, 248).

Diets containing large amounts of readily fermentable

carbohydrates have lower ruminal protease activity (128).

It was postulated that lower rumen pH will reduce protein

solubility and accessibility of protein for ruminal degrada-

tion. Strobel and Russell (224) observed decreased methane

production and VFA production when rumen pH was lowered from

6.7 to 6.0. Bacterial protein synthesis was also reduced 34
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to 69%. The reduction of bacterial protein synthesis was

greater than the decreases in ATP production. These

investigators suggested the lower pH diverted energy to non-

growth functions (eg. maintenance and futile cycles).

Microbial yields have also been increased with the

addition of branched chain fatty acids (62, 163, 164),

sulfur (149), and nicotinic acid (181).

Protein systems have been developed to describe protein

partitioning in lactating cows in an effort increase effi-

ciency of protein utilization by lactating cows (2, 40, 43,

241). These systems balance the proportion of degradable

and undegradable protein in the diet. This balance is

dependant on the quantity of ingested RDOM. Differences

among protein systems for their requirement of microbial

degraded protein are large (59 to 93% of total protein) for

the production of 10 kg of milk. Differences remain large

(45 to 80% degradable protein) for production of 40 kg of

milk. Thus, there is still a need to define what proportion

of microbial degraded protein is required. Protein systems

which require less degradable protein assume lower microbial

efficiency (i.e. microbial protein / RDOM). Protein degrad-

ability of many common diets for dairy cows is considered to

be near 70%.



I
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£retein.£leu_t2_ths_nnedenum

Several investigators have proposed models to predict

the AA flow to the duodenum (39, 110, 111, 188, 189, 194,

203, 214). Amino acid flow to the duodenum in dairy cows

has been related to digestible OM (DOM) intake as a measure

of fermentable energy for microbial protein synthesis.

Coefficients of determination reported by Tamminga and van

Hellemond (229) and Rohr e; :1. (187) were .90 and .85,

respectively. The Agriculture Research Council (2)

estimated non-ammonia N (NAN) flow to the duodenum using a

regression model which contained both metabolic energy (ME)

intake and N intake as independent variables. The coeffi-

cients of determination for this model were .75 for sheep

and .97 for cattle. Estimates for NAN flow based solely on

energy and N intakes would be inaccurate, however, when

large differences exist in feed protein degradability (241).

Journet and Verite (110) related NAN flow to DOM intake and

insoluble N intake, which improved the coefficient of deter-

mination (R2-.93) . Rohr e3; g1. (188) proposed prediction

equations for NAN flow based on ME intake, estimated endo-

genous N, and undegradable feed N. Variation between their

equations and that of published in 2129 data was small.

There was also little variation in the proportion of NAN

present as AA-N. The equations for their models are:

NAN(g/d)= l.82*ME(MJ/d) + UDN(g/d), c.v.= .091;

NAN(g/d)=1.61*ME(MJ/d) +2.34*DMI(kg/d) +UDN(g/d), c.v.=.090

AAN(g/d)= .70*NAN(g/d) -.50, c.v.=.072.
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Wanderley and Theurer (241) showed duodenal flow of N

was 30% greater than ingested N in steers fed concentrate

diets and N flow to the duodenum was similar to the amount

of ingested N when fed forage diets. They also found

evidence of greater bacteria synthesis for the concentrate

diet. Their data suggested a beneficial effect of non-

structural carbohydrates on duodenal N flow and essential AA

flow. These data demonstrate that diets providing greater

quantities of ROOM will have greater passage of microbial

protein to the small intestine.

o f e c

To measure dietary protein passage from the rumen it is

necessary to surgically prepare animals with cannulae in the

omasum, abomasum, or proximal duodenum: have a suitable

method to calculate flow rate of digesta: and use a reliable

marker for identifying microbial contribution to total

protein flow (217). Since the microbial AA profile does not

markedly change, estimation of AA passing from the protein

source can be determined by subtracting the microbial

contribution from the total AA in duodenal chyme. The only

flaw in this procedure is that the passage of endogenous

amino-N is not considered.

A regression technique to measure protein degradability

of individual dietary components was used by Stern g; 31.

(215, 217) to determine the degradability of corn gluten
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meal. The test protein was added to the ration of cattle in

incremental amounts while DMI was held constant. Microbial

N contribution to the duodenal digesta was assumed to be

constant between diets since the rations were of similar

fermentabilities. Duodenal AA flow was regressed on AA

intake, and the increased flow of an AA was attributed to

the test protein. The slope of the regression line repre-

sented the undegraded test protein. This method was also

employed to determine the degradability of individual AA of

the test protein.

Several in 5122 and in 21219 procedures were developed

which are not as labor intensive or costly as in 212g

procedures (32). In 5122 procedures involve suspension of

nylon bags containing the test protein in the rumen. Bags

are retrieved at various intervals until only the undegrad-

able (Van Soest's fraction C) protein remains (150, 158).

The rate at which the test protein was degraded from the

bags and an estimate for rumen digesta passage rate, allows

for the estimation of protein degradability (121).

Comparisons of in gigg and 12 2122 measurements for protein

degradability were similar for soybean meal and brewers wet

grains but as different for corn gluten meal in a study by

Stern g2 g1 (214). In 5122 methods underestimated

degradable protein in this study.

In 21219 procedures for determining protein degradation

involve incubating test proteins with proteolytic enzymes
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and measuring protein loss or N113 accumulation. Results are

then compared with a reference protein (175). These proced-

ures currently serve as a qualitative assessment for protein

or AA degradation, since rumen digesta passage rate is not

evaluated.

Willem

Feed AAs are not degraded equally by microbes (206);

therefore, the AA composition of undegraded feed protein is

different from the original protein (42). Degradation may

also result in a significant change in the AA profile

passing to the duodenum. Chalupa (42) observed arginine and

threonine were the most rapidly degraded AA in 21222 by

rumen microbes. Regression equations indicated that

alanine, arginine, histidine, lysine and phenylalanine were

degraded to a greater extent than the total protein.

Degradation of threonine, valine, isoleucine, leucine,

methionine, glycine and tyrosine were similar to or lower

than the total protein. Craig and Broderick (59) suggested

that microbial proteases are serine protease-like, cleaving

lysyl and arginyl linkages, which leads to greater exposure

and destruction of lysine and arginine.

Using in 2122 studies, the undegraded protein of grass

silage was determined to be devoid of methionine, lower in

lysine than the original protein (190), and determined that

branch-chained AA were most resistant to degradation (190,

235). The rate at which different AA were degraded depended
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on the protein source (235). An 12 2122 trial of Ganev 22

21. (85) found little difference in the AA composition of

the original protein and the undegraded protein after

incubation. These studies leave for debate whether

undegraded feed protein has a similar AA composition as the

original feed protein.

Duodenal AA profiles are not consistently influenced by

the dietary AA composition. The proportion of microbial N

present in the duodenal chyme is a major determining factor

of duodenal AA profile: however, as protein needs exceed the

microbial supply, residual feed protein becomes more

important. Kung 22 21. (120) found no difference in AA

profiles entering the duodenum of lactating cows fed normal

or heated soybean meal. Cottrill g2 21. (57) fed growing

cattle isonitrogenous corn diets containing increased

proportions of fish meal in place of urea as the protein

supplement. With the exception of reduced proportion of

threonine, the AA profile of duodenal chyme was similar for

all diets, despite an increased flow of AA from the residual

fish meal protein. Significant differences in AA flow to

the duodenum were reported for lactating cows fed corn

silage diets supplemented with soybean meal, corn gluten

meal, wet brewers grains or distillers grains (table 4).

While the quantity of lysine reaching the duodenum was not

different, the proportion of lysine to the total AA flow was

reduced when corn products were fed (200).



 



23

TABLE 4. Individual amino acid intake and flow to the

duodenum of cows fed four protein supplements.“z

 

Diet Arg His Ile Leu Lys Met Phe Thr

 

  

Intake, g/d

  

sex 122‘ 51‘ 95‘ 207° 111‘ 16° 115” 92‘

con 83” 50‘ 97‘ 340‘ 60° 37‘ 144‘ 91‘

was 80” 30° 77” 169‘l 65”° 20” 99° 70”

DDG 81” 45” 98‘ 240” 72” 37‘ 112” 84‘

SE 4 2 3 5 3 1 3 3

Flow to the duodenum, g/d

SBM 93” 44” 137m’ 194‘ 144 38 105° 111”

can 108‘ 66‘ 151‘ 326‘ 142 53 154‘ 131‘

was 94” 42” 127° 184° 136 41 108° 109”

one 111‘ 57‘ 147“’ 267” 147 48 133” 129‘

SE 3 2 4 8 5 5 4 4

 

1 From Santos g2 21. (200).

Means in the same column with different superscripts

differ (P<.05).

SBM=soybean meal, CGM=corn gluten meal, WBG= wet brewers

grains, DDG=distillers dried grain.

Arg=arginine, His=histidine, Ile=isoleucine, Leu=leucine,

Lysalysine, Met=methionine, Phe=phenylalanine,

Thr=threonine.
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Stern g2 21. (215) also showed that diet affected AA passage

in lactating cows fed increasing amounts of corn gluten meal

in the diet, which reduced the proportion of duodenal

lysine. They estimated that only 10% of the lysine in corn

gluten meal passed to the duodenum while a greater propor-

tion of all other AA passed. This suggests the AA profile

of the duodenal chyme can be modified with choice of dietary

protein supplements.

NW

The process of protein digestion in ruminants has been

reviewed (18, 210). In ruminants, proteases secreted by the

abomasum and pancreas hydrolyze dietary protein into small

peptides. Amino acids are then released from these

digestion products by peptidases within cells of the small

intestine wall. Pepsin is a gastric endoprotease which

hydrolyzes peptide bonds containing hydrophobic AA

residues (phenylalanine, tyrosine, leucine, methionine).

The pH optimum for pepsin activity is pH 2.1.

Proteolytic enzymes of the pancreas include endopep-

tidases (trypsin, chymotrypsin, and pancreatopeptidase E)

and exopeptidases (carboxypeptidase A and B). Endoproteases

hydrolyze peptide bonds from within protein chains and

exoproteases attack terminal bonds of proteins and peptides.

Trypsin hydrolyzes peptide bonds containing a carboxyl group

of arginine or lysine. Chymotrypsin hydrolyzes peptide
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bonds adjacent to carboxyl groups of aromatic and large

hydrophobic amino acids (tyrosine, tryptophan, phenyl-

alanine, leucine, and methionine). Carboxypeptidase

hydrolyzes C-terminal amino acids from peptide chains. The

optimum pH for enzyme activity in the small intestine is

between pH 7.5 to 8.0 for trypsin, chymotrypsin, and

carboxypeptidase and pH 8.8 for pancreatopeptidase E (18,

89). Proteolytic activity of pepsin occurs throughout the

ruminant duodenum due to the slow neutralization of digesta

passing from the abomasum, and activity of pancreatic

enzymes are not optimum until reaching the mid-jejunum (17).

The intestinal mucosa secretes a number of peptidases

which are N-terminal exoproteases (18). Free AA are

released by peptide hydrolysis. Peptidase activity is least

in the duodenum, increases through the jejunum, peaks in the

mid-ileum, then declines to the terminal ileum (18, 210).

Longer chain-length peptides (greater than four) are

hydrolyzed on the brush-border membrane. Tri-peptide

hydrolysis occurs evenly between the cytosol of the enteric

cells and the brush-border, and dipeptide hydrolysis is

localized in the cytosol (180).

Although the mid-ileum is the site of greatest peptidase

activity, it has not been shown to be the area of maximal

absorption of nitrogenous components 12 2122. The mid-

jejunum is the area of greatest absorption, accounting for

57% of the loss of free AA and 41% of the loss of peptide
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linked AA along the small intestine (17, 226, 245). The

mid-jejunum region is also associated with the greatest

activity of gamma-glutamyl transpeptidase (15), an enzyme

suggested to be involved in AA transport (138).

Intestinal availability of rumen undegradable protein

has been estimated by inserting ruminally incubated nylon

bags into the intestine and recovering them from the feces

(29). Intestinal availability of residual corn gluten meal,

fish meal, meat and bone meal, soybean meal, canola meal,

and alfalfa hay were 95, 83, 73, 99, 79, and 71%, respec-

tively. However, Sklan and Halevy (211) determined the rate

limiting step for peptide and AA absorption is breakdown of

soluble protein fractions which have molecular weights of

7,000 to 14,000. This size protein fraction would pass

through nylon bags and possibly flaw the procedure used in

(29). Effect of peptide chain length effects on N absorp-

tion was studied by Grimble g2 21. (89). Mixtures of tri-

to penta-peptides from hydrolyzed egg protein were more

slowly absorbed than mixtures of di- or tri- peptides.

Sklan and Halevy (211) determined intestinal AA disappear-

ance was approximately 55% in sheep. Apparent digestibility

of AA entering the duodenum of lactating cows was approxi-

mately 73% when fed whole soybean, soybean meal, or corn

gluten meal, and 63% when fed brewers grains or distillers

grain (200, 216).
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Various protein systems use a set estimate for intes-

tinal AA absorption. Bacteria protein is assumed to be 80%

digestible and the undegraded protein fraction ranges from

70 to 90% digested (241).

W

The small intestine is the primary site of AA absorption

into the blood. The process involves: simple diffusion,

facilitated diffusion, and "active" transport. Regulation

of these transport systems was discussed by Guidotti g2 21.

(91), Munck (147) and Stevens 22 21. (218), and is summa-

rized in table 5. Amino acid diffusion contributes

significantly to transport across both the brush-border and

basolateral membranes. As much as 25% of the phenylalanine

may be absorbed via diffusion when present at physiological

concentrations (218). Both basolateral and brush-border

Table 5. Amino acid transport pathway in jejunal membrane

vesicles.1

 

 

Na

Pathway Occurrence” dependent Substrate

Diffusion BB+BL- ' --- ---

NBB BB yes most neutral AA

IMINO BB yes imino acids, Pro, MeAIB

PHE BB yes Phe, Met

y‘ BB+BL no cationic AA

L BB+BL no Leu, branched and ringed AA

A BL yes MeAIB, short-chain polar AA

ASC BL yes 3 and 4 carbon neutral AA,

Ala, Ser, Cys

 

1 From Stevens 22,21. (218).

2 BB and BL mean found on the brush-border and basolateral

membrane, respectively.
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membranes possess Na-dependent and Na-independent carriers.

Only the L andyr+ systems are common to both membranes. The

L system is ubiquitous in eukaryotic plasma membranes.

Basolateral-membrane pathways are similar to the those

distributed on nonepithelial cell membranes such as hepato-

cytes, reticulocytes, and fibroblasts (218). These pathways

include L, A-like, and ASC-like carriers. The brush-border

membrane Na-dependent pathway (NBB, IMINO, PHE) are unique

to brush-border membranes of the intestine and kidney (218).

There has recently been characterized on the brush-border

membrane a specific transporter for acidic AA which is

Na- dependent (168).

In 21222 intestinal transport of AA has been inves-

tigated in sheep (108, 169, 245) and cattle (60, 90, 146).

The order of AA uptake in sheep from exteriorized intestinal

loops was isoleucine > arginine z valine z leucine >

methionine > phenylalanine > lysine > tryptophan > aspartate

2 serine > alanine > proline > histidine z threonine 2

glutamate > glycine (245). The order of AA disappearance

from the intestinal tract of lactating cows fed soybean meal

protein was methionine > arginine > histidine > glycine >

lysine > phenylalanine > leucine = aspartate > valine >

proline = glutamate > tyrosine > alanine > threonine =

cysteine a serine > isoleucine (216). Similar orders of

amino acid absorption were demonstrated for lactating cows

fed raw soybeans, heated soybeans, corn gluten meal, brewers
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grains or distillers grains (200).

Johns and Bergen (108) determined that vmax for methio-

nine, lysine, and glycine absorption was 5.8, 1.52, and 670

umol AA/100 mg gut wet tissue/.5 h, suggesting glycine had

the greatest affinity for absorption. Reichl and Rothschild

(178) determined an intestinal absorption rate for 11 AA

with a regression equation for entry rate into the tissue

(nM / 100 mg gut dry weight / min) and concentration of AA

in the medium (uM).

Win

Amino acids and NH, are absorbed in the portal blood

where large amounts are removed by the liver and others are

transported to peripheral tissues for use the turnover of

body protein and production processes (25). Amino acids are

not stored in the body. Unless used for synthesis of

protein or other essential compounds, AA will be catabolized

with the amino-N excreted as urea and the carbon skeleton

oxidized to COz‘via catabolic pathways (243). Feeding

proteins with a poor AA balance to nonruminants increases

excretion of dietary N in the urine, decreases N retention

and reduces the BV (6).

Arteriovenous (AV) sampling is a method used to study

nutrient flow among and within body organs. The technique

involves sampling of blood at pre- and post organ sites and

determines the change in concentration of selected

nutrients. This information plus a valid measure of blood
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flow provides a means of quantifying overall net flux of

nutrient per unit of time (126). Baumrucker (14) described

the interorgan transfer of AA based on data derived from

non-lactating sheep (97, 98), and from mammary gland data of

Bickerstaff g2 21. (26), and Clark 22 21. (52, 53). This is

described in Figure 1.

The intestine and liver are rapidly proliferating tis-

sues and require considerable quantities of nutrients for

maintenance. Therefore, the AA which are taken up and

released by intestinal tissue will not necessarily be

presented to the liver or enter the general circulation.

Tagari and Bergman (226) determined that 30 to 80% of those

AA disappearing from the lumen of the intestine

appeared in portal blood. There is removal of glutamine by

the gut tissue for maintenance purposes. Alanine is

synthesized from NH, and pyruvate within the intestine.

Citrulline synthesized by the intestine from NH3 and CO2 is

the major source of Citrulline used by the kidney for

synthesis of arginine (104, 246).

Huntington and Prior (103) investigated the influence of

feed intake on net AA absorption into the portal-drained

viscera of beef heifers fed 85% concentrate diets. Net

absorption of individual AA as a percentage of AA intake

increased as feed intake increased. Changes in the propor-

tion of dietary protein escaping ruminal fermentation did

not change the relative molar proportions of AA in the
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portal blood. Relative to alanine, which had the highest

portal appearance rate at all intakes, respective molar

proportions of valine, serine, leucine, lysine, phenylal-

anine, and isoleucine were .75, .69, .61, .41, .29, and .34.

Increased feed intake caused a linear increase in net

absorption of lysine, methionine, leucine and valine. Net

absorption of glutamate and glutamine was negative at all

intakes, indicating their use as metabolic fuels by the gut.

Mercer and Miller (143) also found a linear relationship of

doudenal and plasma concentration of valine, threonine,

lysine, isoleucine, and leucine in sheep.

A qualitative indicator of AA requirements for syn-

thesis of body protein was determined by measuring the

quantity of AA taken up from the blood by tissues of steers

(103). Order of AA uptake by the round muscle was leucine >

lysine > valine > isoleucine > arginine > phenylalanine >

histidine > methionine and for the hind-half of the animal

was valine > leucine > lysine > isoleucine > arginine >

histidine > methionine > phenylalanine (103). These muscles

metabolize aspartate to a considerable extent, and they

synthesize alanine and glycine (3, 58).

W

Protein reserves are an important source of AA for

bodily functions during periods of protein deprivation or

stress (6, 31, 79). The cow relies heavily on body stores

of energy and protein during early lactation (225).
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Bott g2 21. (31) determined that total protein reserves may

be as much as 27% of total body nitrogen. Plasma proteins,

liver, and gastrointestinal tract comprise approximately 20%

of these reserves and are the major source of AA for short

term needs (225). Muscle and skin comprise the remaining

80% of the reserves and are the major sources for long

periods of need (225).

Reid 22 21. (179) estimated that the lactating cow can

mobilize up to .36 kg body protein per day to assist in milk

production. Protein systems estimate body protein contribu-

tion for milk production at values between 12 and 22.5% of

the body weight loss during early lactation (241).

Adaptation of muscle metabolism during lactation was

investigated by Bryant and Smith (35). In early lactation

weights of the longissimus dorsi and semitendinosus muscles

were 37 and 28% lower than those for non-lactating ewes.

Catabolism of this muscle served as a protein reserve during

early lactation. Both muscles regained weight in late

lactation. Fractional rates of protein synthesis were

similar to that of non-lactating ewes, 2 and 3% for the

longissimus dorsi and semitendinosus muscles. Total muscle

protein synthesized each day was lower in early lactation

because the protein pool was lower at this time.
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Mammary supply of AA is determined by substrate con-

centration in the blood and rate of mammary blood flow.

Amino acid supply to the udder is often inadequate to

maintain maximum rate of milk synthesis (49, 127).

Transport

Transport systems for AA uptake by mammary tissue are

similar to those discussed for the basolateral membrane of

the intestine (14). Although there is no direct experimen-

tal evidence for the L or anionic transport systems, these

are probably found on the cell membrane (14).

Nonessential AA (NEAA) are taken up by ruminant mammary

tissue in amounts often inadequate to account for their

output in milk protein. Evidence for intramammary synthesis

of NEAA from glycolytic pathway and tricarboxylic acid cycle

intermediates exists (139). Essential AA are classified

into two groups (Figure 2). Group 1 are those AA where rate

of uptake match their output in milk protein, and Group 2

are those where rate of uptake is in excess of milk protein

output (80). Large excesses in arginine, and valine are

taken up relative to their output into milk proteins (52,

63, 80). Isoleucine, leucine, and lysine may also be taken

up in excess of output (26, 52, 140). These AAs are

involved in the production of the NEAA in the mammary gland.

Several AAs show a significant positive correlation

between arterial concentration and AV difference in ewes
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(80), goats (140), and cows (168). Most transport systems

operate well below saturation, and an additional supply

(nutritional provision or increased blood flow) would lead

to increased AA uptake (14). 12 21222 studies have shown

that increased concentrations of arginine or lysine result

in greater cellular concentrations of these AA (14). Others

have shown that intracellular pools of lysine, histidine,

tyrosine, leucine, valine, phenylalanine, isoleucine, argi-

nine, and threonine were increased 12 21222 with increased

AA concentration in the medium (54). If this is the case 12

2122, then more EAA would be avail-able for milk protein

synthesis. Post-ruminal infusion of protein or intravenous

AA infusions have also increased milk protein synthesis (45,

49, 78, 184, 185, 209, 237). It seems probable that

increasing AA supply increased intracellular concentrations

of AA which led to increased synthesis of milk protein

(141).

It may be possible that the enzyme gamma-glutamyl

transpeptidase might be involved in AA transport (16). This

enzyme catalyses transfer glutamyl moiety of glutathione to

an AA by the equation: Glutathione + AA (extracellular) -

gamma-glutamyl-AA + Cysteinyl-glycine (intracellular). This

enzyme may also function by hydrolyzing both the extra- and

intracellular glutathione to its constituent AA: glutamate,

cysteine, and glycine (14). Enzyme activity in rat mammary

glands increases at onset of lactogenesis in response to
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increased blood prolactin concentration (16). All AA have

the capability to be transported via this system; however,

it is thought that this pathway is most important for the

transfer of its constitutive NEAA (16).

Metabolism

The supply of NEAA to the mammary gland has been shown

in some instances to be rate-limiting for milk protein

output (95). Improved energy nutrition of dairy cows has

increased milk protein content (71, 191). This improvement

may be associated with an increased plasma concentration and

mammary supply of nonessential AA (92). Mepham and Linzell

(142), however, found no improvement in milk protein output

when nonessential AA were infused into the mammary artery.

Up to 77% of the arginine metabolized by the bovine

mammary gland was converted to ornithine and 20% was metab-

olized to proline (50). Part of the arginine and ornithine

was converted to spermidine, which is involved in RNA

synthesis (198). Alumot 22 21. (7) tested the hypothesis

that the NEAA proline may limit milk protein synthesis,

since it is found present in milk at much greater quantities

than is taken up from the blood. The addition of proline

post-ruminally decreased mammary uptake of arginine in cows

fed low protein diets; however, it did not increase milk

protein synthesis (7). The content of milk orotic acid, an

end product of mammary NH, detoxification (50), was also

reduced with proline infusion (7). It appears that the rate
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of arginine metabolism by the mammary gland is sufficient to

supply proline for milk protein synthesis. Neither arginine

supply or metabolism was limiting milk protein synthesis.

Perfusion of guinea pig mammary glands with radiolabeled

AA demonstrated the ability of the gland to catabolize AA.

Histidine and phenylalanine were not catabolized by the

mammary gland, leucine was oxidized to glutamic acid and

valine was oxidized to CO, and to some extent citrate (65) .

It was also determined that radioactivity from the catabo-

lism of [“C]valine, leucine and isoleucine was transferred

to beta-hydroxybutyrate, isovalerate and methylmalonate,

respectively (Wohlt 22 21. as cited in 141). Five percent

of the [“Clesine perfused into the guinea pig gland was

recovered as CO, (Peeters as cited in 141) . When excess

lysine is supplied to the mammary gland the potential for

lysine oxidation exists.

Baumrucker (14) suggested that alteration in plasma

concentration of one AA 12 2122 may competitively inhibit

uptake of AA sharing the same transport system. If the

concentration of lysine was increased from 80 to 160 umol/ml

more lysine would be provided to cells that have the Y+

system; however, both arginine and ornithine uptake would be

reduced (13). It was suggested that all three AA should be

increased proportionally to increase lysine uptake without

inhibiting uptake of other AA. This consideration assumes

that the additions do not saturate the carrier (13).
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Physiologically, most AA transport systems are operating at

concentrations well below saturation (14). Competition for

substrate by specific transport systems may limit milk yield

and milk protein output to between 10 and 15% (14).

Synthesis

Once inside the cell, free AA become part of the free

intracellular pool which is available for protein synthesis

via activation to the amino acyl-t-RNA pool (4). There is a

critical threshold concentration that free intracellular AA

must exceed before protein synthesis occurs. Once the

threshold is exceeded, increased free amino acids have an

accompanied increased protein synthesis (69). It is at this

level that the limiting AA affects protein synthesis (141).

The synthesis rate of milk proteins is primarily depen-

dent upon the concentration of milk protein mRNAs provided

there is a sufficient supply of the other components,

including the AA involved in translation (141). Prolactin

is responsible for the primary accumulation of casein mRNAs

in the mammary gland of the rabbit both 12 2122 and 12 21222

(67, 100), and in the rat mammary gland 12 21222 (92).

Prolactin controls accumulation of casein mRNAs by

increasing the transcription rate of casein genes and the

stabilizing casein mRNA (100). Glucocorticoids alone are

unable to induce casein mRNAs accumulation in the mammary,

however it is required along with prolactin to have maximal

accumulation of casein mRNAs in the rat mammary (134).
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Blood flow

Regulation of blood flow could be mediated through

mammary production of a vasoactive agent, activity of

mammary sympathetic nerves, or indirectly through galac-

topoietic hormones (64, 126). Blood flow per unit volume of

udder tissue varies little throughout lactation, with a mean

value of 43.3 ml/100 cmlmin in sheep (80). Ratios for

mammary blood flow to milk production were 300:1 and 400:1

for ewes and goats at peak lactation. Ratios increased to

570:1 in late lactation, when the udder contains a greater

proportion of non-secretory tissue (80, 141). Kronfeld 22

21. (118) determined the ratio of blood flow to milk yield

was 680:1 for cows. The rate of blood flow to the mammary

gland is critical for supply of AA. Amino acids with high

mammary extraction coefficients (AV difference as a percen-

tage of the arterial concentration) make mammary AA supplies

sensitive to small changes in blood flow (64).

Amino acid supply

Posteruminal infusion of casein increased production of

milk, milk protein, and milk fat by dairy cows (49, 53, 56,

107, 157, 184, 238, 244). The mechanism by which casein

elicits the improved performance is not clear. Orskov 22

21. (157) and Whitelaw 22 21., (244) demonstrated that

abomasal additions of casein to cows in early lactation

increased plasma concentration of non-esterified fatty acids

and induced a greater negative energy balance. These
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workers postulated that casein infusions facilitated

mobilization of body fat in support of milk production and

showed that this response was greatest when energy intake

was restricted. Infusion of glucose in this same study had

no influence on milk yield or body fat mobilization.

Investigations by Whitelaw 22 21. (244) showed that

insulin increased and growth hormone decreased with

increased quantities of casein infusion. Istasse 22 21.

(107) found insulin increased only in cows infused with

casein in late lactation, and growth hormone did not change

at any time. Cohick 22 21..(56) found no influence of

casein infusion on plasma concentrations of growth hormone,

insulin, prolactin, triiodothyronine, or thyroxine: plasma

glucagon was increased with casein infusion. Oldham 22 21.

(154) observed that growth hormone concentrations were

increased by feeding formaldehyde-treated casein: however,

they did not show a milk production response. Current

information on casein's effect on hormonal status of the cow

and how it relates to production is confusing and needs

further investigation.

In most studies involving casein infusion total and EAA

concentrations in the plasma were increased. This may

suggest that casein supplementation increased the availabi-

lity of AA for protein synthesis in the mammary gland. Lack

of a significant increase in late lactation may be due to a

reduction in uptake of AA by the mammary gland associated
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with reduction in the extraction rate (80).

Limiting amino acid

As mentioned previously, plasma AA measurements can be

utilized for the quantitative determination of an AA

requirement when experimental conditions are well defined.

Administering increasing amounts of a single limiting EAA

post-ruminally will result in a two-phase response curve for

plasma concentration of the limiting AA (19). Plasma

concentration of the limiting AA will not change until the

AA requirement is reached and then the plasma concentration

will increase, this is considered the break-point (84).

This approach has been useful in assessing AA adequacy in

functional ruminants (75) as well as nonruminants (23, 81,

234). A two-phase response curve will also occur for

production performance, an increase in production until the

requirements are met and then it will plateau (145, 181,

234).

If a limiting EAA will not accumulate in the plasma

until its requirement is met, then lysine, methionine, and

valine were most limiting when incremental amounts of

formaldehyde-treated casein were added to a basal diet

containing 9% protein to achieve rations for lactating cows

containing 11.2, 13.5, 15.7, and 18.0% CP (32). Data for

the ratio of AA uptake by the mammary gland to their output

in milk protein indicate that phenylalanine, methionine,

lysine, histidine, and threonine are the five EAA utilized
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most completely by the mammary gland for milk protein

synthesis (26, 41, 49, 53, 66, 68, 106, 141, 185). These

AA, therefore, may be in the most short supply for milk

protein synthesis. If those AA which show the lowest

concentration in the arterial plasma coupled with a high

percent extraction are the ones which are most likely to be

limiting for milk synthesis, then methionine and lysine

often rank one and two, respectively (26, 49, 66, 68, 106,

185).

Methionine has often been regarded as a potentially

rate-limiting AA for milk production (141). A series of

studies by Rogers 22 21. (184) compared the responses of

cows to abomasal infusion of casein, methionine, or glucose.

Milk, protein and fat yields were increased similarly with

abomasal infusions of casein and methionine, but not

glucose. Intravenous administration of L-methionine to cows

increased milk protein (78), fat (44) and yield (44). This

suggests methionine was a major AA limiting synthesis of

milk and its constituents.

Feeding methionine hydroxy analog during the first 4

months of lactation increased yields of milk fat and fat

corrected milk (46, 88, 101, 131, 173) and milk yields (88),

but not milk protein (131). Others have shown methionine

hydroxy analog had no influence on milk production (36,

193).



 



44

Oldham (153) suggested that methionine may play a part

in regulation of lipid transport through its effect on

lipoprotein synthesis (136). Increased blood lipids have

been observed when methionine hydroxy analog was fed to

lactating cows (101, 167), therefore a methionine deficiency

may limit lipid mobilization (244). This may be an explana-

tion for the effect which casein infusion had on increasing

blood lipids and milk fat in some experiments.

Other forms of methionine resistant to rumen microbial

degradation for lactating cows have also been investigated

with conflicting results (11, 41, 106, 114, 186). Milk

production, stage of lactation, feeding systems, and

methionine nutritional status are factors which may

influence the efficacy of post-ruminal methionine. There

may be a methionine deficiency when cattle are fed grass

silage (45) or when soy products are used as the protein

supplement (41, 208). Undegraded protein from grass silage-

may be devoid of methionine (45, 190, 232), while soybeans

contain little methionine (72, 208).

Lysine may be the limiting AA in diets which contain

predominantly corn proteins. Lysine content of duodenal

digesta may be substantially lower in diets containing corn

products than diets containing other feeds (152). Replacing

corn with soybean meal decreased plasma lysine concentration

in cows (162). Lysine is frequently present at lower

concentration in plasma of steers fed corn based, urea
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supplemented diets compared with those fed soybean meal (38,

61, 247). The decrease in the level of plasma lysine in

cows and steers fed corn or urea as compared with those fed

soybean meal suggests that lysine may limit performance in

growing steers.and lactating cows in which all the supple-

mental nitrogen is derived from NPN or corn. Abomasal

infusion of up to, but not over 24 g lysine/d increased N

retention of steers fed a ground corn diet supplemented with

urea (37). No improvement in N retention occurred when 36 g

lysine/d was infused (37) or when an incremental addition of

methionine and 24 g lysine were infused (99). This suggests

that lysine was the limiting AA for steers fed corn diets

supplemented with urea.

Schwab 22 21. (209) abomasally infused various combina-

tions of 10 EAA and sodium caseinate to lactating cows fed a

12% CP diet containing predominantly corn products.

Infusion of methionine alone had no effect on yields of

milk, protein, or fat. Lysine infused alone accounted for

16% of the total response in yield of protein obtained when

all 10 EAA or sodium caseinate were infused. The combina-

tion of lysine and methionine resulted in 43% of the total

response measured for casein. These results suggest that

lysine and methionine were the first and second limiting AA.

Threonine or isoleucine were suggested to have been the

third limiting EAA. The primary response of AA infusion was

on milk protein rather than yield, feed intake, milk fat, or
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NPN content of milk (209).

Lysine and methionine supplied post-ruminally to cows

fed diets containing a soy protein supplement increased milk

protein output (186). When lysine was supplied alone, there

was a depression in plasma methionine, suggesting an

improvement in methionine utilization (186). Plasma concen-

tration of lysine and methionine were increased when

supplied post-ruminally.

Since differences between the first and second limiting

AA may be small (33, 209), more than one AA may be needed to

Optimize performance of lactating cows. In other words, the

quantity of milk mRNA synthesized may exceed the quantity of

activated tRNA for more than one AA, presenting situations

in which more than one AA may be limiting for the maximum

translation of available mRNA.

Walsh

Competitive interrelationships have been reported to

exist between lysine and arginine. Excess lysine has been

reported to inhibit arginine catabolism and urea excretion.

This is due to the inhibitory action of lysine on arginase

(207, 212). The competition may be species specific. Fish

accumulate plasma arginine with excess dietary lysine, while

pigs and dogs do not (70, 112). Neither weight gain nor

feed efficiency was lowered by feeding twice the requirement

of lysine to pigs; however, at three and four times the

requirement, weight gain and feed intake were reduced, but
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not feed efficiency (112). An AA imbalance and not an

antagonism between lysine or arginine was suggested to be

responsible for the reduced performance, since feed effi-

ciency was not reduced (112). Excess lysine fed to pigs did

not influence kidney or liver activity of arginase or

ornithine transcarboxylase (112).

Basic AA metabolism is influenced by dietary electrolyte

balance in pigs (10, 122, 166) and chicks (151). These

interactions appear to be species- and tissue-dependent.

Alkaline salts of sodium and potassium increased growth of

lysine deficient pigs (122, 166), but not growth of lysine

adequate pigs (144, 239). Studies by Forsberg (83)

demonstrated that lysine utilization may be altered by

dietary electrolyte balance or acid-base disturbances.

Changes in acid-base balance by feeding acidic and basic AA

may alter AA metabolism (83).



OBJECTIVES

Experiment 1 was designed to determine the influence of

three protein supplements (blood, corn gluten, and cotton-

seed meals) on rumen digestion of nutrients, on amino acid

profile of duodenal chyme and plasma and to quantify the

partitioning of N in dairy cows producing a moderate quan-

tity of milk. Protein supplements selected for this experi-

ment varied considerably in their amino acid composition and

degradability in the rumen. Experiments 2 and 3, were

designed to feed lactating cows a diet potentially limiting

in lysine and determine the amount of post-ruminal lysine

required for the cows to be considered adequate in lysine.

Dietary, in this case, post-ruminal amino acid adequacy

(essential amino acids only) can be assessed based on the

substrate excess principle. Thus when an amino acid is

available below the requirement, if all other amino acids

are available in adequate amounts, the given essential amino

acid will be utilized with high efficiency. Reflected by

low plasma and tissue pool concentrations (19). When the

post-ruminal availability of a given essential amino acid is

above that required, increments above needs are not used and

will accumulate in tissue fluids which are then catabolized

(19, 248). Hence changes in plasma concentration of a given

48
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essential amino acid can be used to assess whether an essen-

tial amino acid is limiting, in excess or can be used to

determine its requirement (19). In this particular study,

if lysine is the limiting amino acid in the diet (post-

ruminally), plasma lysine will be low until the requirements

are met after post-ruminal infusion of lysine (19, 182).

This type of response may also hold true for milk protein

synthesis (increasing amount synthesized until requirements

are reached). Digestion and metabolism of nitrogen were

also evaluated.

The working hypothesis is that lysine is not limiting

milk production in lactating cows fed corn - corn silage

based diets. Specific aims of this study were 1) to compare

the effect of feeding BM, CGM, or CSM supplemented lactation

diets on lactation performance, rumen and post-rumen diges-

tion, N partitioning, diet protein escaping rumen degrada-

tion and duodenal amino acid flows, and 2) to determine the

production response, plasma amino acid profiles, duodenal

amino acid flow, coefficient of mammary amino acid extrac-

tion and dietary organic matter and protein digestion in

cows infused abomasally with 0, 22.5, 45, 90 and 180 g L-

lysine HCl daily.



MATERIALS AND METHODS

ExperimenLl

Six lactating Holstein cows from the University of

Arizona Dairy Research Center were fitted with intestinal T-

cannulae and utilized in a double 3 X 3 Latin square experi-

ment. Treatment periods consisted of an 18 d adaptation

period followed by a 4 d collection period. Treatments

consisted of the three protein supplements mixed with a corn

silage, ground corn diet. The supplements were blood meal

(BM), corn gluten meal (CGM), and cottonseed meal (CSM).

Blood meal was cooker dried at 177’°C. Chronic oxide

(Crgh) was mixed with a wheat flour paste, baked at 100 W:

until dry, then coarsely ground. The Cr52 mixture was

mixed with the total diet for 6 d prior to and during the

collection periods. This served as an indigestible marker

to assess quantitative aspects of digesta flow and parti-

tioning of digestion. Feed ingredients and nutrient com-

position of the three diets are shown in tables 6 and 7,

respectively. The experiment was conducted from March

through July, 1986.

50
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Table 6. Feed ingredients of diets supplemented with three

protein sources for lactating cows. Experiment 1.12

 

 

 

Ingredient BM CGM CSM

(% dry basis)

Alfalfa hay 8.4 8. 3 7.7

Corn silage 29.6 29.0 34.0

Corn, ground shelled 41.5 40.7 38.8

BM 8.7 - -

CGM - 11.1 -

CSM - - 16.6

Cottonseed, whole 4.4 4.3 -

Molasses 3.4 3.3 -

Dicalcium phosphate .65 .66 .12

Calcium carbonate .94 .92 1.16

Potassium chloride .46 .45 .25

Copper sulfate .54 - -

Monosodium phosphate .11 - -

Trace mineral salt3 .25 .24 .23

 

1 BM=blood meal, CGM=corn gluten meal, CSM=cottonseed meal.

1 Other ingredients were .17% magnesium oxide; .45% sodium

bicarbonate; .22% sodium chloride; .27% urea; and 1850,

570, and 4 IU/kg vitamins A,D, and E, respectively.

3 Contained .013% Ca, .091% Mg, 13.572% K, 12.563% 8, .269%

Na, 12.792% C1, .050% Mn, .090% Zn, .075% Fe,.011% Cu,

300 ppm Co, 2624 ppm I, 133 ppm Se.

Table 7. Chemical composition of total mixed diets fed to

lactating cows. Experiment 1.1
_¥

 

 

Measurement BM CGM CSM

on (%) 57.1 57.1 57.4

(% dry basis)

CF 16.4 14.5 14.9

NE1 (Mcal/kg)z1a 41.76 1.79 1.70

DE 3(Mcal/kg)2 3.09 3.44 3.33

ADF313.8 15.7 17.9

Cellulose3 8.0 10.4 11.1

Lignin3 2.5 3.0 4.4

NDF 30.0 25.5 27.1

Hemicellulose 16.2 9.8 9.2

Organic matter 92.9 93.4 95.6

Ether extract 2.2 2.5 3.5

Chromic oxide .16 .16 .16

 

2BM=blood1 meal, CGM=corn gluten meal, CSM=cottonseed meal.

2Calculated (148).

3 Determined by sequential procedures (86).
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Cows were housed in individual, shaded pens with con-

crete floors (2.2 x 3.7 m) and rubber mats (.9 X 1.8 m x 3

cm). Rations were offered ad lib at 700 and 1800 h and

water was available continuously. Cows were milked at 600

and 1800 h daily. A daily milk sample was taken from a.m.

and p.m. milk. Milk samples were analyzed separately by

Arizona DHI Laboratory for protein, fat, lactose, SNF, and

SCC.

Fresh feed and fecal samples were taken twice daily

during the 3 d collection period, dried for 72 h at 55 %::h1

a forced-air oven, composited for the total period, and

ground in a Wiley mill through a 1 mm screen. Proximate

analyses (9) were determined on dried samples, as were

analyses of cellulose, ADF and NDF (86). Chronic oxide was

measured by the method of Fenton and Fenton (76). Degrad-

able feed protein was measured in vitro using the ficin

protease assay described by Poos-Floyd 22 21. (175) and 12

2122 using 15N enrichment of bacteria in conjunction with

other investigations (198). Subsamples of feed were com-

posited for the experiment and hydrolyzed in 6 N HCl.

Hydrolysates were analyzed for individual amino acids by

HPLC using a reverse phase separation of phenylthiocarbamyl

amino acids (171).

Silicon, T-type cannulae were positioned in the proximal

duodenum of cows for the collection of chyme. Twenty-four

500 ml duodenal samples (6/d) were collected and immediately
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dried in a forced air oven at 75 °C for 96 h. Dried samples

were composited for each cow during each treatment period.

composited samples were analyzed for OM, Kjeldahl N, 15N,

Crgh, organic matter, and amino acids similarly to feed

samples.‘

Two of the six cows fitted with rumen cannulae were

sampled at 0, 2, 4, 6, and 8 h post-feeding on the final day

of collection from several sites of the rumen. Rumen sam-

ples were mixed with 2 ml saturated mercuric chloride in a

liter container. The pH of the fluid was determined immedi-

ately using a glass electrode. Samples were then strained

through four layers of cheesecloth and 10 ml portions were

deproteinized by mixing with 2 ml of 25% metaphosphoric acid

and centrifuging at 1200 X g for 20 min. Protein-free

filtrates (PFF) were analyzed for VFA by gas chromatography.

Another 10 ml of strained rumen fluid was centrifuged 10 min

at 1200 x g to remove feed particles. The supernatant then

was acidified with .5 ml of .1 N HCl and analyzed for rumen

ammonia (NH3) by the method of Chaney and Marbach (47) .

Foley catheters were placed in the cows' bladders 12 h

prior to collection. Urine was collected in covered, plas-

tic buckets containing 100 ml 18 N H280“ Urine was mea-

sured and sampled twice daily. Daily composites for the

treatment period were frozen for later analysis of N by

Kjeldahl (9).
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Blood was sampled from the coccygeal vessel and sub-

cutaneous abdominal vein in evacuated tubes containing

heparin each day of collection. These samples represented

arterial and venous blood, respectively. Tubes were chil-

led, centrifuged at 2000 X g in a refrigerated centrifuge,

the plasma was frozen for later analyses of free amino acids

and urea. Upon thawing, plasma samples were composited for

each cow during each treatment period and PFF were prepared

by mixing plasma with 1 N HCl in a ratio of 1:2 and centri-

fuging at 15,000 X g. Norleucine was added as an internal

standard for amino acid analysis. Amino acid profiles of

plasma were determined by HPLC using a reverse phase separa-

tion of phenylthiocarbamyl amino acids (174). Plasma urea

was determined with a diagnostic kit.1

Data were tested for normality and homogeneity of

variances. All outliers were removed before analyses.

Remaining data were then analyzed as'a replicated Latin

square design using the General Linear Models procedure of

the Statistical Analysis System (205).

W

Two experiments were conducted at the Michigan State

University Dairy Research and Teaching Center for this

 

1Sigma Chemical Co. Ltd. 1986. Blood Urea Nitrogen Procedure

No. 535. Sigma Diagnostics, P.O. Box 14508, St Louis, MO

63178
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investigation. In experiment 2, six lactating cows fitted

with abomasal cannulae were utilized in a double 3X4 extra

period Latin square design experiment. Treatments were 0,

45, and 90 g/d L-lysine'HCl infused abomasally. In experi-

ment 3, twelve lactating cows fitted with abomasal cannulae

were utilized in a double 5X5 Latin square design with two

animals used for replacement. Treatments for experiment 3

were abomasal infusion of 0, 22.5, 45, 90 and 180 g/d L-

lysine‘HCl.

Cattle in both experiments were fed a diet which poten-

tially minimized net lysine flow to the duodenum. Feed

ingredients and nutrient composition of the diet is in table

8.

In experiment 2, chromic oxide made as in experiment 1

was used as an indigestible marker added to the TMR 7 d

prior to and during the collection period. Acid insoluble

ash served as the indigestible feed marker for experiment 3.

A 21 d preliminary feeding period preceded the start of the

experiments, to allow for post-surgical recovery. Each

treatment period consisted of a 14 d adaptation period

preceding a 3 d collection period. Experiment 2 began in

the Fall of 1985 and experiment 3 began the Fall of 1986.

Cows were housed in comfort stalls. For experiment 2,

the diet was restricted to the average DM consumed during

the first sampling period. Feed was offered ad libitum in

experiment 3. Feeding times were 600 and 1800 h during
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Table 8. Feed ingredients and nutrient composition of ex-

perimental diet fed to lactating cows. Experiment 2 & 3.1

 

 

Ingredient (% DM)

Alfalfa haylage 8 3

Corn silage 29 0

Ground shelled corn 40.1

Corn gluten meal 11.4

Soy hulls 4 8

Urea .3

Molasses 2.8

Limestone 1.03

Dicalcium phosphate .70

Magnesium oxide .20

Potassium chloride .50

Sodium bicarbonate .50

Vitamin A, D and E3 premix2 .12

Trace mineral salt3 .24

Nutrient

on (t) 54.3

NE, (Mcal/kg DM)‘ 1.74

CP (% DM) 15.7

Ficin degradable CP (% CP) 51.6

ADF (% on) 17.3

Organic matter (% DM) 92.7

 

Chromic oxide was mixed in the total mixed diet of exper-

iment 2 at 0.5% of diet DM.

Vitamins A, D and E were added to supply 1850, 570, and 4

IU/kg, respectively.

Contained .013% Ca, .091% Mg, 12.56% S, 13.57% K, .30% Na,

12.79% C1, .050% Mn, .090% Zn, .075% Fe, .011% Cu,

300 ppm Co, 2624 ppm I, and 133 ppm Se.

‘ Calculated (148).

N
U
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experiment 2 and 100, 700, 1300 and 1800 h during experiment

3. Water was available continuously.

L-lysine'HCl was diluted with 4 l of water and infused

into the abomasum by gravitational drip. In experiment 2,

infusions were conducted during two 5 h periods/d; while in

experiment 3, infusions were during two 10 h periods/d.

Cows were milked daily at 600 and 1700 h. Milk was

measured and sampled as in experiment 1. Samples were

analyzed by Michigan DHIA laboratory for protein and fat

(experiments 2 and 3), and also for lactose, total solids

and SCC (experiment 3).

Feed and feces were sampled and analyzed similarly to

those of experiment 1.

In experiment 3, Foley catheters were placed in the

cows' bladder, 12 h prior to the 3 d collection period.

Urine was collected in 20 1 covered, buckets containing 150

ml 18 N H2804. Urine was measured and sampled each day

during collection, composited for the period and frozen for

later analysis of N by the Kjeldahl procedure (9).

Blood samples were again collected from the coccygeal

vessel and subcutaneous abdominal vein as in experiment 1.

For experiment 2, PFF were prepared by mixing plasma with .1

ml/ml 50% sulfosalicylic acid, and .1 ml/ml 1mM norleucine

and SB-(4 pyridy:ethyl)-l cysteine were added as internal

standards. Precipitated protein was removed by centrifuga-

tion at 30,000 X g for 20 min. Amino acids were analyzed in
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the PFF by ion exchange chromatography using a lithium

citrate buffer system and post column derivatization with

ninhydrin. For experiment 3, PFF was analyzed for amino

acids similarly to experiment 1. The procedure used in

experiments 1 and 3 for amino acid analysis was more

sensitive than that of experiment 2, which were analyzed

prior to samples of experiment 1 and 3. Plasma urea was

determined for both experiments using a diagnostic kit.2

All data were tested for normality and homogeneity of

variances. Outliers were removed before analyses. Data of

experiment 2 were analyzed as a replicated extra-period

Latin square design using the method of Lucas (130). Linear

and quadratic responses to treatments were calculated and

tested for significance using orthogonal contrasts. Data of

experiment 3 were analyzed as a replicated Latin square

design using the General Linear Models procedure of the

Statistical Analysis System (201). Data compiled for the

replacement animals were also included in the analyses.

Linear, quadratic and cubic responses to treatment were

calculated and tested for significance. Broken-line

analyses of plasma lysine concentration was determined as

described by Robbins et al. (182).

 

ZSigma chemical Co. Ltd. 1986. Blood Urea Nitrogen

Procedure No. 535. Sigma Diagnostics, P.O. Box 14508,

St. Louis, MO 63178.



RESULTS AND DISCUSSION

W

Diets of corn silage, ground shelled corn and a protein

supplement were formulated to be isonitrogenous with 50% of

the protein supplied by the supplement. However, the CGM and

CSM diets were lower in CP concentration than the BM diet.

Calculated energy concentrations of the diets were sufficient

to meet the requirement of cows producing 35 kg milk/d (148).

Yield of milk and SCM were not significantly influenced

by treatment (table 9), nor was efficiency of production

(SCM/DMI). Cows fed CSM tended to produce more milk of lower

protein and fat content than.did the cows fed BM or CGM diets.

Yield of milk lactose and SCC's were similar between

treatments.

Measurements of rumen fermentation characteristics are in

table 10. Rumen contents were sampled from two cows fed BM

and CGM diets and one cow fed CSM diet. Analysis of variance

was not conducted on this data. Concentrations of VFA were

greater for the cow fed CSM diet compared to BM, with CGM

intermediate. Molar ratios of acetate : propionate were 2.41,

1.78, and 2.29 for BM, CGM, and CSM, respectively. The lower

ratio for cows fed CGM diet did not influence milk fat
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TABLE 9. Influence of feeding three protein sources on

daily production variables of lactating cows. Experiment 1.1

 

 

Measurement BM CGM CSM SE

01412 (kg) 15. o” 16.4‘” 17.0‘ . 68

Milk (kg) 20.2 20.3 24.0 1.5

protein (%) 2.90"b 3.06‘ 2.78b .10

protein (9) 591 605 662 30

fat (%) 3.75‘ 3.75” 3.38b .13

fat (9) 758 776 823 50

lactose (a) 5.25 5.34 5.33 .07

lactose (kg) 1.06 1.08 1.29 .08

gap (x103) 220 192 149 31

8 (kg) 19.1 20.2 20.9 1.5

Milk/DMI 1.36“ 1.27' 1.41‘ .03

SCM/DMI 1.3 1.3 1.3 .2
 

1 BM=blood meal, CGM=corn gluten meal, CSM=cottonseed meal.

DMI - DM intake.

Calculated (233).

"" ‘Values not sharing a similar superscript are

different (P<.10);(P<.05), respectively.

TABLE 10. Concentration of VFAs (mM), ammonia (mg/d1), and

pH in rumen fluid of lpctating cows fed three protein

sources. Experiment 1.

 

 

Measurement BM SE CGM SE CSM SE

number of cows 2 2 1

Acetate 61.2 4.3 69.0 3.2 86.4 4.7

Prepionate 22 2 2.2 33. 6 3.4 33.8 1.2

Isobutyrate .2 .2 ND2 .7 .7

Butyrate 12.7 1.4 15.4 1.2 14.7 .7

Isovalerate 1.1 .1 1.0 .1 2.0 .3

Valerate .8 .1 1.7 .3 1.6 .1

Total 98 120 139

Acetate:propionate 2.8 2.1 2.5

Ammonia 1.00 .65 1.60 .61 8.51 .34

pH 6.62 .07 5.64 .07 6.57 .02

 

1 BM=blood meal, CGMscorn gluten meal, CSM=cottonseed meal.

2 Not detected.
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percent. Rumen.NH5*was least for BM, and below critical con-

centrations necessary for a maximum rate of rumen fermentation

(132, 137, 204, 205), which may explain the lower concentra-

tion of VFAs for BM diet.

Dry matter intake, was least for cows fed BM, but CP

intake was similar for all diets (table 11). Ruminal-

reticular digestibility of DM and organic matter did not

differ significantly between treatments, but was numerically

greater for BM and CGM than CSM. The large SE for digesti-

bility of DM and organic matter may be a result of the short

collection period. The large coefficient of variability made

dietary differences hard to detect. Extent of rumen digestion

increases when intake or passage rate is reduced (77), which

is consistent with the lowest rumen digestibility of CSM.

Different ingredients among diets could have also influenced

rumen utilization of nutrients (125).

The BM and CGM diets increased CP.passage to the duodenum

(P<.05), about 23% above that which was consumed, while no

increase was shown for the CSM diet. The protein supplements

which were relatively resistant to microbial degradation (BM

and CGM) resulted in greater flow of protein from the rumen.

Similar increases have been reported for ruminants fed low

protein diets (174, 215, 230) or byproduct proteins (77, 200).

Increased protein flow was due to decreased rumen degradation.

Ruminal-reticular degradation of feed proteins was

greatest for CSM, intermediate for CGM, and least for BM
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TABLE 11. Intake and ruminal-reticular digestibility pf

nutrients by cows fed three protein sources. Experiment 1.

 

 

Item BM CGM CSM SE

Intake (kg/d)

Dry matter 15.0” 16.4‘” 17.0‘ .7

Organic matter 13 . 9b 15 . 3°11 16 . 3‘| . 6

Crude protein 2.36 2.32 2.51 .28

Ruminal-Reticglar digestion (%)s

Dry matter 52. 4 54.4 46.7 6.2

Organic matte 56.5 61.2 50.6 6.5

Crude protein -22.7' -22 .9” -3. 1" 5.2

Crude protein 31.2 43.3”” 48.4“ 4. 1

Crude protein‘ 18. 1 41. 1 49.7 ND

Duodenal crude protein (kg/d)

Total 2.89 2.84 2.54 .14

Feed and endogenous5 1.61' 1.31b 1.29b .07

Microbials 1 . 28‘” 1 . 53‘ 1 . 24” . 09

Microbial growth efficiency5

9 microbial N/kg RFOM 25.6 25.7 24.7 2.0

g microbial CP/Mcal RDE6 48.1 44.0 44.3 3.5

 

1

CP=crude protein.

2 Truly digested calculated by correcting for bacte

fraction in duodenal digest as estimated by the

marker method (198).

Values not sharing a similar superscript are

different (P<.10);(P<.05), respectively.

BM=blood meal, CGM=corn gluten meal, CSM=cottonseed meal,

ND=not determined, RFOM=rumen fermented organic matter,

{ial

2 Apparently digested.

12 vi2r2 ficin degradable.

5 Calculated from data of Sadik (198).

:tRPE = digestible energy intake I rumen OM digestibility.
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(table 11) . Estimates for CGM and CSM protein ruminally

degraded were similar for the in_xi;;g ficin assay method and

the 1311129 1sN'marker method (198). However, the ficin assay

underestimated in yiyg_rumen protein degradation for BM. The

ficin procedure for determining degradable protein has been

used previously by investigators (116, 174). Resulting est-

imates for rumen protein degradation are similar to in 2129

determinations for many proteins (202).

Microbial protein production was greatest for CGM diet and

similar for EM and CSM diets (198). Microbial protein syn-

thesis tended to increase as the quantity of organic matter

and energy digested in the rumen increased. This is consis-

tent with published equations which estimate microbial protein

passage to the intestine as a function of ruminally digested

energy (188). Efficiencies of microbial growth were similar

between diets and are in agreement with those found by others

for lactating cows (215).

The three diets differed.in.amino acid content (table 12).

Dietary concentration of histidine, valine, lysine, and

phenylalanine were greatest and isoleucine least for BM diet.

Lysine was least for CGM diet; while leucine was least and

arginine most for CSM diet. Variation in patterns of amino

acids flowing to the duodenum closely reflected diet differ-

ences (figure 3) . This suggests that quality of dietary

protein has a profound effect on the quality of protein

available for digestion and absorption in the small intestine.
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CSM I cottonseed meal, AA I amino acid.

TRT I diet fed, BM I blood meal, CGM I corn gluten meal

chyme, and venous plasma of cows fed 3 protein sources. Experiment 1.

Figure 3. Profiles for selected amino acids of diets, duodenal chyme, and
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Yet, there was some examples of no direct relation between

venous concentration.and.that.inidiet.or'chyme, ie. isoleucine

or lysine.

Rumen bacteria do not greatly differ in their amino acid

profile (22, 117), therefore the feed and endogenous amino

acid contribution to the duodenal chyme can be calculated by

subtracting the bacteria contribution from the total passage

of each amino acid.' This was done for values in table 13.

Lysine and threonine appear to be preferentially digested in

the rumen. This is indicated by a reduced concentration of

these amino acids in the duodenal chyme compared to that which

was ingested (row 4 of table 13). Lysine and threonine were

preferentially degraded by mixed cultures of rumen bacteria

in 11313 (42, 59). Therefore, estimation of amino acid

passage to the duodenum can not be calculated by simply

multiplying the rumen nondegradable protein value of feed to

TABLE 13. Essential amino acid profile of undegraded feed

and endogenous protein passing to the duodenum of cows fed

three protein sources. Experiment 1.

 

Diet His Thr -Arg Val Met Ile Leu Phe Lys

 

  

(g/kg total AA)

BM 51 28 89 98 -10 26 126 65 41

CG)! 29 8 81 76 -16 48 139 56 14

CSM 34 13 122 81 -16 49 96 54 29

  

1 (% of ingested AA)

Mean 129 39 137 151 -934 118 114 106 70

 

EM=blood meal, CGM=corn gluten meal, CSM=cottonseed meal.

Mean-I ((chyme AA, - estimated microbial Abra/total chyme

AA) /( ingested AA/total ingested AA)*100.
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by the feed's amino acid content, as was done by other

investigators (51).

The influence of protein supplements on plasma profiles

and mammary extraction of amino acids is in table 14. Mammary

extraction coefficients were determined after removing

outlying venous and arterial amino acid concentrations.

Mammary extraction values were not subjected to a least-

squares analysis due to the occurrence of inestimatable

values. The CSM diet had the greatest arterial concentration

of threonine and alanine. The BM diet had the greatest venous

concentration of histidine, and numerically greater venous

concentrations of valine, leucine, and lysine than CGM or CSM

diets. Whether these differences reflect the quantity of the

amino acid absorbed from the intestine is not known; however,

the EM diet did provide a greater quantity of histidine,

valine, leucine, and lysine to the intestine.

Mammary extraction coefficient may have potential as an

indicator of limiting amino acids for milk production (141).

Those amino acids which show the lowest concentration in the

arterial plasma coupled with a high percent extraction may

limit milk protein synthesis. In general mammary extraction

coefficients were large for threonine, methionine, phenyl-

alanine and lysine, low for valine, leucine, and tyrosine,

and mostly negative for aspartate, serine, and glycine.

First, second and third amino acids extracted in greatest

proportions by the mammary gland for the EM diet were
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methionine, threonine, phenylalanine: for CGM, threonine,

methionine, lysine; and for CSM, lysine, methionine, histi-

dine. Extraction coefficients of histidine, valine and lysine

were less for the EM than other diets and these three amino

acids had the greatest intestinal concentration and supply

(table 12). Together the above data may reflect the supply

of individual amino acids at the duodenum.

Large mammary extraction of lysine is evidence that a

critical need for lysine in cows fed the CGM and CSM diets

exists. Other evidence suggesting a critical need for lysine

by cows fed CGM and CSM over those fed BM is the expression

of milk lysine as a prOportion of intestinal lysine or milk

lysine as a proportion of lysine apparently digested. These

values are 43.4, 49.3, and 32.6%: 72.2, 94.4, and 54.4% for

CGM, CSM and BM, respectively.

Apparent digested N, net protein utilization (NPU) and

protein biological value (EV) tended to be greater for CSM,

intermediate for CGM, and lowest for BM (table 15). Urinary

N was least for CSM when expressed as a portion of digested

N or ingested N. The proportion of ingested N in milk was

not different between diets, however N balance was negative

for BM, zero for CGM and positive for CSM. These data suggest

CSM provided a better quality protein for digestion than BM

or CGM. Estimates of NPU and BV did not sum to 100% due to

removal of outlier» The relatively large SE for retained, and

fecal N may be a result of the short collection period.
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There were no differences for digestion of N entering the

small intestine among treatments (table 16). However, chyme

N was used more efficiently for synthesis of milk protein with

the CSM diet than with EM or CGM diets. This suggests a

better array of amino acids were absorbed with the CSM diet

than with BM or CGM diets.

Digestion of microbial N as measured by the 15N method was

not different among the diets and averaged 53% (198). This

value was derived by the difference of 1sN appearance at the

duodenum and that which passed to the feces. Digestion of

TABLE 15. Influence of three protein sources on nitr en

digestion and metabolism by lactating cows. Experiment 1.

 

 

Measurement BM CGM CSM SE

Ingested N (g/d) 371 369 400 19

Digested (t) 44.2 50.9 56.1 5.6

NPU (t)3 17.9“ 24.7“’ 32.6“ 5.3

Milk (0) 25.2 26.2 26.0 .54

Retained (%) -6.4 -1.5 6.1 5.6

Urine (%) 26.3 26.3 23.5 3.0

Digested N (g/d) 2 161“ 191‘“ 224‘ 15

BV (%)‘ 35.1“ 43.0*’ 57.5“ 0.2

Milk (0) 47.7 41.0 47.3 1.9

Retained (t) -7.1 19.0 10.6 12.0

Urine (t) 64.9“ 56.2““ 42.9“ 0.2

Milk N (g/d) 93 95 104 4

Urine N (g/d) 95 97 93 10

Fecal N (g/d) 210 178 177 26

Retained N (9)5 -25 -1 25 20
 

1 BM=blood meal, CGM=corn gluten meal, CSM=cottonseed meal.

3 Apparently digested N.

‘ NPU = (ingested N - fecal N - urine N)/ ingested N * 100.

5 EV a (digested N - urine N)/ digested N * 100.

Retained N = ingested N - milk N - urine N - fecal N.

”"' Value not sharing similar superscript are different

(P<.10);(P<.05), respectively.
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TABLE 16. Influence of three protein sources on digestion

and metabolism of intestinal nitrogen (N) by lactating

cows. Experiment 1.

 

 

Measurement BM CGM CSM SE

Intestinal N (g/d) 450 454 406 22

Digested (0) 60.1 60.2 57.0 4.9

Milk (0)3 20.0‘ 21.5‘ 25.7B .5
 

1 BM=blood meal, CGM=corn gluten meal, CSM=cottonseed meal.

Apparently digested N entering the small intestine.

milk N / intestinal N *100.

‘3 Values not sharing similar superscript are different

(p<.05).

undegraded dietary and endogenous N passing to the intestine

was calculated to be 52, 72 and 64% for BM, CGM, and CSM

diets, respectively. The BM diet provided the most poorly

intestinally digested protein, although it supplied the

greatest proportion of feed protein to the duodenum. The

blood meal used in this study was batch dried at a high

temperature which may have decreased the availability of the

protein. Values for acid detergent insoluble N (indicator of

heat damage) for blood meal used in this experiment ranged

from four to 10 % of the total N. Processing methods such as

spray or roller drying might have diminished heat damage and

produced a more digestible product capable of promoting better

performance (165, 240).

Experiments_z_and_i

Plasma free amino acid measurements can be utilized for

the quantitative determination of an amino acid requirement
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when experimental conditions are well defined (19).

Administion of increasing amounts of a single limiting essen-

tial amino acid will result in a two-phase response curve for

the plasma concentration of the limiting amino acid (19) .

Plasma concentration of the limiting amino acid will not

change until the amino acid requirement is reached and then

the plasma concentration will increase, this is considered the

break-point (84) . This approach has been useful in assessing

amino acid adequacy in ruminants (75) and nonruminants ( 23,

81, 234) as well as for other numerous biological responses.

A two-phase response curve will also occur for production, an

increase in production until the requirements are met and than

it will plateau (145, 181, 284).

Dry matter intake and milk production parameters for the

lactating cows of experiments 2 and 3 are in table 17. There

were no differences among treatments within an experiment for

DM consumption or for production of milk fat, lactose, total

solids and FCM. Milk production increased linearly in

experiment 3 (P<.05) , but due to a decreased fat content there

were no differences for SCM. Milk somatic cell counts (SCC)

measured in experiment 3 were abnormally high and undoubtedly

had an influence on the milk yield and/or composition.

A linear increase to lysine infusion (P<.05) was noted for

production of milk protein in both experiments. These results

suggest that lysine intake may be directly related to milk

yield and when lysine intake is low milk yield may be limited.
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A quadratic response for milk protein synthesis to infusion

of lysine approached significance in experiment 3 (P<.17)

indicating the requirement for lysine was exceeded with the

180 g L-lysine'HCl infusion. Milk protein production was

least of all infusions when 45 g L-lysine'HCl was infused and

this was possibly related to the abnormally high SCC for this

treatment group. When SCC was used in the statistical

analysis as a covered, milk protein production for the 45 g

infusion treatment was .99 kg/d and not different from other

treatments.

Plasma free amino acid profiles for experiments 2 and

3 are in tables 18 and 19, respectively. As infusion dose

increased coccygeal plasma concentration of lysine tended to

increase in experiment 2. However, in experiment 3 plasma

lysine concentration increased linearly and quadratically in

coccygeal plasma, and increased quadratically in plasma from

the subcutaneous abdominal vein (figure 4). Both vessels of

cows in experiment 3 also exhibited increased arginine and

ornithine concentrations with 180 g infusion of lysine.

Coccygeal plasma concentrations of‘both threonine and methio-

nine decreased linearly with increased lysine infusion in

experiment 3 (figure 5).

The quadratic response of plasma free lysine in the

subcutaneous abdominal vein indicates lysine was the limiting

amino acid for milk production (19, 182). At the point where

the concentration of plasma lysine increased, the lysine
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0 22.5 45 90 180

L-lysine HCI infused (g/d)

FIGURE 5. Plasma concentrations of free amino acids from

lactating cows abomasally infused with L-Iysine HCI.

o Coccygeal methionine, Y = 4.663 - .0055X, P<.02;

A Coccygeal threonine, Y = 12.022 - .01445X, P<.10;

<> Coccygeal arginine, Y = 18.140 + .0312X, P<.02;

I Subcutaneous abdominal arginine, 8.212 + .O304X,

P<.01. Experiment 3.
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requirement was met. Broken-line analyses to determine the

point at which lysine concentration increased was determined

by regressing plasma lysine concentration with lysine in-

fusions on each side of the inflection point (182) . The

break-point for the coccygeal plasma and subcutaneous abdom-

inal vein plasma occurred at 81.5 and 78.4 g L-lysine HCl/d,

respectively (figure 6). Expressed as L-lysine required by

cows, the values were from 62.7 to 65.2 g/d of additional L-

lysine required.

Mammary extraction of lysine tended to increase until 90

g/d infusion was reached, then it declined (experiment 3) ,

apparently after the mammary requirement was met (table 20).

For experiment 2, mammary extraction of plasma lysine in-

creased with 45 g infusion and declined with 90 g infusion.

This suggests that 90 g infusion was in excess of the cows'

lysine requirement for milk production.

Once the requirement for the first limiting amino acid is

exceeded, the plasma concentration of the next limiting amino

acid is depressed due to an improved utilization of that amino

acid for protein synthesis (19, 186). Therefore, the second

limiting amino acid in experiment 3 was either threonine or

methionine (table 19). Both have been implicated in several

investigations as one of the first three limiting amino acids

for milk.production (33, 49, 141, 209). Threonine concentra-

tions were less in duodenal digest and plasma (experiment 1,

162) of cows fed corn protein then those fed other sources of
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protein. Others have determined methionine was the second

limiting or a co-limiting amino acid when cows were fed a

corn—based diet (33, 37).

Increased plasma arginine concentration may be due to

metabolism of excess lysine in the liver (207) or mammary

gland (141) . Lysine oxidation increases markedly when dietary

lysine is above that which is required for maximum performance

(34) . Increased plasma ornithine may result from the metabo-

lism of arginine. Clark g; g1 (50) showed that up to 77% of

the arginine metabolized by the bovine mammary gland was

converted to ornithine. Another possible explanation for

increased arginine and ornithine concentrations was suggested

by Baumrucker (14) . Alteration in plasma concentration of

one amino acid in 1139 may competitively inhibit uptake of

amino acids sharing the same cellular transport system. If

the concentration of lysine was increased from 8 to 16

umol/d1, more lysine would be provided to cells that have the

Y‘ (cationic) transport system; however, both arginine and

ornithine uptake would be reduced due to competitive inhibi-

tion by lysine for the common transport site (13). This may

result in accumulation of arginine and ornithine in the

plasma. Investigators have observed that excess dietary

lysine inhibited liver arginase activity and increased plasma

arginine concentration in some species (207, 212) , but not

others (70, 112) . Plasma urea was not different among

treatments and averaged 25.5 and 18.7 mg/dl in coccygeal
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plasma and subcutaneous abdominal plasma for experiment 3.

Since plasma urea was not effected by treatment and plasma

arginine was increased, liver metabolism of arginine may have

been reduced.

The apparent digestible lysine required by cows in

experiment 3 can be estimated by:

(UDLys * DC1) + (BLys * DCZ) + (infused Lys)

where UDLys = lysine from undegraded feed protein +

endogenous protein, BLys = lysine from bacteria, and DC,“

represent the digestion coefficients for UDLys and BLys,

respectively. Estimates varied according to the assumptions

imposed for the calculations. Using a prediction equation

for non-ammonia nitrogen passing to the small intestine (188) ,

2.73 kg of microbial protein and 2.38 kg of feed and endogeno-

us protein would have passed to the duodenum. Since bacteria

are similar in their amino acid profile (22) , total microbial

contribution of lysine to the duodenum was 162 g/d and had a

digestion coefficient of .80 (241) . Assuming the composition

of the combined feed and endogenous protein was 19 g lysine/kg

protein (experiment 1), the contribution from this source was

45 g/d and had a digestion coefficient of approximately .75

(experiment 1). On this basis, cows in experiment 3 were

required to digest 228 g of lysine/d. However, if the assump-

tion that the rumen passage of protein was 123% of intake and

54% was of microbial origin (198) , the bacterial contribution

of lysine was 157 g/d. The combined feed and endogenous
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contribution of lysine was 43 g/d. With these assumptions,

222 g of digested lysine were required. The differences

between an consumption in experiment 1 and experiment 3 (17

vs. 22 kg/d) may alter the estimate for lysine passing to the

intestine, since increased DM intake results in less ruminal

protein degradation and more microbial protein synthesis

(228). Greater intake, however, would not greatly alter the

proportion of microbial N to feed and endogenous N.

Efficiency of net milk protein secretion from ingested

protein increased quadratically (P<.05) with increased lysine

infusion in experiment 3 and linearly (P<.10) in experiment

2 (table 21). This is another indication that lysine was the

limiting amino acid for milk protein synthesis, and with 180

g L-lysine'HCl infusion the cows' requirement for lysine was

surpassed. Approximately 75 g lysine were secreted in the

milk of cows' not infused. Therefore, the conversion ef-

ficiency for lysine entering the duodenum to milk lysine was

approximately 37%. The estimated efficiency for duodenal

lysine conversion into milk for infusions of 22.5, 45, 90 and

180 g L-lysine'HCl are 36, 32, 29, and 23%, respectively.

Lysine conversion to milk was lower only for the 180 g

infusion than for values obtained for the various proteins fed

in experiment 1, indicating lysine supply to the intestine was

not excessive in experiment 1. Absorbed protein conversion

to milk.protein.proposed by various computer modeling systems

range from 56 to 95%. Estimated lysine conversion efficiency
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for apparently digested lysine to milk lysine is 47, 45, 39,

35, and 26% for 0, 22.5, 45, 90, and 180 g L-lysine'HCl

infused. The discrepancy' between ‘values for estimated

conversion of absorbed protein and that of apparently digested

lysine suggests intestinal tissue and/or intestinal bacteria

metabolize from 10 to 50 % of the digested lysine (0 9 LP

lysine infused). Increasing the quantity of lysine infused

also increased the quantity of lysine metabolized by the small

intestine, if we assume no change in conversion efficiency of

absorbed lysine to milk.

mm

Data from experiment 1 show that protein sources of

varying degradabilities in ruminant diets influence the

complement of amino acids available for digestion and

metabolism. For instance, when corn gluten meal or cottonseed

meal comprised 50% of the dietary protein, lysine was one of

the amino acids least abundant in the plasma but on the blood

meal diet, lysine was one of the most abundant. Dietary N was

degraded to a lesser extent in the rumen for cows receiving

an and CGM diets than those fed CSM.

From these data it appears that when greater than 50% of

the dietary protein is from corn products, lysine may be a

limiting amino acid. Protein sources which are relatively

high in lysine and resistant to microbial degradation may be



87

useful in alleviating this deficiency.

Blood meal (high lysine, low degradability) increased the

lysine concentration of feed and endogenous protein passing

to the duodenum compared with corn gluten (low lysine, low

degradability) and cottonseed meals (low lysine, high degrad-

ability), 4.5 vs. 1.9 vs. 2.9%, respectively; Blood meal also

increased the proportion of feed and endogenous protein to

total protein in the duodenal chyme compared with corn gluten

and cottonseed meals, 56 vs. 46. vs. 51%, respectively. The

estimated passage of lysine to the duodenum would be 240 g/d

for the blood meal diet and 195 g/d for both the corn gluten

and cottonseed meal diets, assuming a dietary intake

equivalent to that of experiment 3, and passage of protein and

amino acids proportional to experiment 1. Based on the titra-

tion value for lysine requirements determined by plasma amino

acid concentration (experiment 3) , 'blood meal appears to

supply adequate post-ruminal lysine to meet the cows' require-

ments, while corn gluten and cottonseed meals do not.

Although blood meal may alleviate lysine deficiency in

cows fed conventional diets, other amino acids may be found

in more critical supply for milk protein secretion by cows

fed relatively' high, amounts of“ blood. meal inf place of

conventional protein sources.





SUMMARY

The response of lactating cows to abomasal infusion of L-

lysine'HCl in these experiments demonstrate the validity of

this procedure and.that lysine is the limiting amino acid when

cattle are fed diets containing predominately corn products.

Milk protein production and efficiency of milk protein

synthesis from feed.protein was improved with the addition of

an adequate quantity of lysine. A break-point response to

lysine infusion was demonstrated for plasma lysine concentra-

tion from the subcutaneous abdominal plasma and to a lesser

extent for coccygeal plasma. Excess lysine resulted in

increased plasma concentrations of arginine and ornithine.

It was estimated that a 610 kg lactating cow, producing 32 kg

of milk containing 3.3% protein, requires 225 g of digested

lysine per day.
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