
NON-PROTEIN NITROGEN AND AMINO
ACID UTILIZATION BY POULTRY

Item Type text; Dissertation-Reproduction (electronic)

Authors Frederick, Howard Massey, 1941-

Publisher The University of Arizona.

Rights Copyright © is held by the author. Digital access to this material
is made possible by the University Libraries, University of Arizona.
Further transmission, reproduction or presentation (such as
public display or performance) of protected items is prohibited
except with permission of the author.

Download date 24/05/2023 20:53:13

Link to Item http://hdl.handle.net/10150/288350

http://hdl.handle.net/10150/288350


INFORMATION TO USERS 

This material was produced from a microfilm copy of the original document. While 
the most advanced technological means to photograph and reproduce this document 
have been used, the quality is heavily dependent upon the quality of the original 
submitted. 

The following explanation of techniques is provided to help you understand 
markings or patterns which may appear on this reproduction. 

1. The sign or "target" for pages apparently lacking from the document 
photographed is "Missing Page(s)". If it was possible to obtain the missing 
page(s) or section, they are spliced into the film along with adjacent pages. 
This may have necessitated cutting thru an image and duplicating adjacent 
pages to insure you complete continuity. 

2. When an image on the film is obliterated with a large round black mark, it 
is an indication that the photographer suspected that the copy may have 
moved during exposure and thus cause a blurred image. You will find a 
good image of the page in the adjacent frame. 

3. When a map, drawing or chart, etc., was part of the material being 
photographed the photographer followed a definite method in 
"sectioning" the material. It is customary to begin photoing at the upper 
left hand corner of a large sheet and to continue photoing from (eft to 
right in equal sections with a small overlap. If necessary, sectioning is 
continued again — beginning below the first row and continuing on until 
complete. 

4. the majority of users indicate that the textual content is of greatest value, 
however, a somewhat higher quality reproduction could be made from 
"photographs" if essential to the understanding of the dissertation. Silver 
prints of "photographs" may be ordered at additional charge by writing 
the Order Department, giving the catalog number, title, author and 
specific pages you wish reproduced. 

5. PLEASE NOTE: Some pages may have indistinct print. Filmed as 
received. 

Xerox University Microfilms 
300 North Zeeb Road 
Ann Arbor, Michigan 4S106 



75-12,701 

{ FREDERICK, Howard Massey, 1941-
I NON-PROTEIN NITROGEN AND AMINO ACID 
j UTILIZATION BY POULTRY. 

The University of Arizona, Ph.D., 1974 
Physiology 

Xerox University Microfilms, Ann Arbor, Michigan 48ioe 

THIS DISSERTATION HAS BEEN MICROFILMED EXACTLY AS RECEIVED. 



NON-PROTEIN NITROGEN AND AMINO ACID 

UTILIZATION BY POULTRY 

by 

Howard Massey Frederick 

A Dissertation Submitted to the Faculty of the 

COMMITTEE ON AGRICULTURAL BIOCHEMISTRY AND NUTRITION (GRADUATE) 

In Partial Fulfillment of the Requirements 
For the Degree of 

DOCTOR OF PHILOSOPHY 

In the Graduate College 

THE UNIVERSITY OF ARIZONA 

19 7 4 



THE UNIVERSITY OF ARIZONA. 

GRADUATE COLLEGE 

I hereby recommend that this dissertation prepared under my 

direction by Howard Massey Frederick 

entitled Non-Protein Nitrogen arid Amino Acid Utilization by Poultry 

be accepted as fulfilling the dissertation requirement of the 

degree of Doctor of Philosophy 

Dissertation Director 

After inspection of the final copy of the dissertation, the 

following members of the Final Examination Committee concur in 

its approval and recommend its acceptance: 

7-/1. - If 

 ̂ 7//y hy 

1 f !<•> ht-r 

This approval and acceptance is contingent on the candidate's 
adequate performance and defense of this dissertation at the 
final oral examination. The inclusion of this sheet bound into 
the library copy of the dissertation is evidence of satisfactory 
performance at the final examination. 



STATEMENT BY AUTHOR 

This dissertation has been submitted in partial fulfillment of 
requirements for an advanced degree at The University of Arizona and is 
deposited in the University Library to be made available to borrowers 
under rules of the Library. 

Brief quotations from this dissertation are allowable without 
special permission, provided that accurate acknowledgment of source is 
made. Requests for permission for extended quotation from or reproduc
tion of this manuscript in whole or in part may be granted by the head 
of the major department or the Dean of the Graduate College when in 
his judgment the proposed use of the material is in the interests of 
scholarship. In all other instances, however, permission must be 
obtained from the author. 

SIGNEgr̂ W 



ACKNOWLEDGMENTS 

The author wishes to extend sincere appreciation to his major 

professor, Dr. Bobby L. Reid, for the privilege to study under his 

guidance and for his ideas and advice during the planning of this 

dissertation. Gratitude also goes to Mrs. Blanche Seferlis for count

less aids and courtesies that made the completion of this manuscript 

that much easier. 

Dr. Richard D. Hendershott offered much valuable academic and 

physical help which was gratefully accepted. To Mrs. Alice Papcum a 

special word of thanks for many laboratory analyses. 

Finally, to the author's wife, Pat, an inadequate but heartfelt 

expression of gratitude for her patience and selflessness during the 

research portion of this task, and her encouragement and assistance in 

the writing herein. 

ill 



TABLE OF CONTENTS 

Page 

LIST OF TABLES .......... v 

ABSTRACT viil 

1. INTRODUCTION AND REVIEW OF LITERATURE 1 

Review of Literature . 3 

2. THE EFFECT OF NON-PROTEIN NITROGEN AND ANTIBIOTICS ON 
CHICK GROWTH AND NITROGEN METABOLISM 8 

Experimental Procedure .... 8 
Results and Discussion 15 
Summary 47 

3. THE EFFECT OF AMINO ACID SUPPLEMENTATION ON CHICK GROWTH . . 49 

Experimental Procedure 49 
Results and Discussion 51 
Summary 76 

REFERENCES 78 



LIST OF TABLES 

Table Page 

1. Composition of Test Diets Used in Experiment 1 9 

2. Composition of Basal Diet Used in Experiment 2 12 

3. Composition of Test Diets Used in Experiments 3 and 4 14 

4. The Effect of Dietary Nitrogen Source, Antibiotic and 
Barbituric Acid on Growth and Feed Conversion of Broiler 
Chicks 17 

5. Comparison of Amino Acid Composition of Test Diets 19 

6. The Influence of Dietary Nitrogen, Antibiotic and Barbituric 
Acid on Kidney Arginase Activity 21 

7. The Effect of Dietary Nitrogen Source, Antibiotic and 
Barbituric Acid on Plasma Urea Nitrogen in Broiler Chicks at 
Four Weeks of Age 23 

8. The Effect of Dietary Nitrogen, Antibiotic and Barbituric Acid 
on Plasma Uric Acid in Chicks 25 

9. The Effect of Non-Protein Nitrogen and Antibiotics on Weight 
Gain, Nitrogen Retention, and Protein Efficiency Katio In 
Chicks at Four Weeks of Age 26 

10. Kidney Arginase Levels in Chicks Fed Graded Levels of 
Diammonium Citrate and Antibiotics 29 

11. The Effect of Dietary Diammonium Citrate and Antibiotics on 
Plasma Urea Nitrogen and Uric Acid In Broiler Chicks 30 

12. The Influence of Diammonium Citrate and Antibiotics on 
Intestinal Urea and Urease 32 

13. The Effect of Dietary Protein, Non-Protein Nitrogen, and 
Antibiotic on the Growth and Protein Efficiency of Broiler 
Chicks to Five Weeks of Age 34 

v 



vi 

LIST OF TABLES (Continued) 

Table Page 

14. The Effect of Dietary Protein Levels, Diammonium Citrate and 
Antibiotic on Kidney Arginase Activity in Broiler Chicks to 
Five Weeks of Age 35 

15. Plasma Urea Nitrogen and Uric Acid Values in Chicks Fed Diets 
Containing Graded Protein Levels, Non-Protein Nitrogen, and 
Antibiotic 36 

16. The Effect of Dietary Nitrogen Source and Antibiotic on Large 
Intestinal Urea Nitrogen and Urease Activity in Five-Week Old 
Broiler Chicks 38 

17. The Effect of Protein Level, Non-Protein Nitrogen and Antibiotic 
on Growth, Feed Conversion, Protein Efficiency Ratios and 
Nitrogen Retention of Broiler Chicks to Four Weeks of Age 39 

18. The Effect of Dietary Protein Level, Non-Protein Nitrogen 
and Antibiotic on Kidney Arginase Activity of Broiler Chicks .. 41 

19. Plasma Urea Nitrogen and Uric Acid Levels in Chicks Fed Graded 
Protein Levels, Diammonium Citrate and Antibiotic 43 

20. The Influence of Dietary Protein, Non-Protein Nitrogen and 
Antibiotic on Large Intestinal Urea and Urease Activity In 
Four-Week Old Broiler Chicks 45 

21. Plasma Amino Acid Values of Chicks Fed a Practical Diet Varying 
in Protein Content, Diammonium Citrate and Antibiotic 46 

22. Composition of Purified Diet Used in Experiment 1 50 

23. Composition of Diets Used in Experiment 2 52 

24. Composition of Basal Diet Used in Experiment 3 53 

25. Performance of Chicks Fed a Casein Diet Supplemented with 
Combinations of Urea, Arginine and Antibiotics 54 

26. The Effect of Urea, Arginine and Antibiotic in a Casein Diet 
on Plasma Urea Nitrogen and Uric Acid in Broiler Chicks to 
Four Weeks 56 

27. Intestinal Urease, Urea Nitrogen and Arginase Levels of Chicks 
Fed a Purified Diet Supplemented with Urea, Arginine and 
Antibiotics 58 



vii 

LIST OF TABLES (Continued) 

Table Page 

28. The Effect of Dietary Urea, Arginine and Antibiotic on Kidney 
Arginase in Broiler Chicks to Four Weeks 60 

29. Growth Performance of Broiler Chicks Fed a Semi-Purified Diet 
Supplemented with Arginine and Leucine 62 

30. The Effect of Dietary Protein Source* Arginine and Leucine on 
Kidney Arginase Activity (Units/gm. Protein) 64 

31. The Effect of Dietary Protein, Leucine and Arginine on Plasma 
Urea Nitrogen and Uric Acid in Chicks to Four Weeks 65 

32. The Influence of Dietary Nitrogen Source, Leucine and Arginine 
on Intestinal Arginase 67 

33. Intestinal Urease Activity in Broilers Fed Semi-Purified Diets 
Supplemented with Arginine and Leucine .. 68 

34. Performance of Chicks Fed a Practical Diet Supplemented with 
Combinations of Arginine and Glycine 70 

35. The Effect of Dietary Non-Protein Nitrogen, Arginine and 
Glycine on Kidney Arginase Activity 72 

36. Plasma Free-Amino Acid Values of Chicks Fed a Practical Diet 
Supplemented with Ammonium Sulfate, Arginine and Glycine 
Individually and in Combinations 73 

37. The Effect of Dietary Non-Protein Nitrogen, Arginine and Glycine 
on Plasma Urea Nitrogen and Uric Acid ......................... 75 



ABSTRACT 

Several nitrogen-containing dietary supplements were fed to 

chicks to study their effects on growth and tissue nitrogen products. 

An antibiotic mixture was added to the diet to determine its effect on 

the metabolism of nitrogenous compounds. 

In the first experiment, 2.0% protein equivalent was added as 

diammonium citrate (DAC) or isolated soy protein (ISP) to a balanced 

practical diet. DAC lowered gain and feed efficiency compared to ISP 

but neither was different from the control. Antibiotic did not alter 

growth rate compared to non-medicated groups, although adding barbituric 

acid caused a drop in body weight. Kidney arginase activity was 

increased by ISP or barbituric acid, but not by DAC. Plasma urea 

nitrogen was increased by each dietary treatment while plasma uric acid 

values were increased by feeding ISP and DAC, but not barbituric acid. 

In Experiment 2, DAC was fed at 2.5% and 7.75% protein equiv

alents in a low protein diet. There was no difference in weight of 

chicks fed the lower DAC levels compared to the control group. Protein 

efficiency ratios (PER) gave indirect indication that nitrogen from DAC 

was utilized for protein synthesis. The high DAC level significantly 

lowered gain and N-retention, but was equal in PER to the low level. 

Kidney arginase activity was Increased by both levels of dietary DAC 

and was inversely proportional to weight gain. Both intestinal urea 

and urease levels were increased by dietary DAC and depressed by the 

antibiotic mixture. 

viil 
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In Experiments 3 and 4, one-week old chicks were used to deter

mine what effect an adjustment period would have on NPN utilization. 

In both trials there was no detrimental effect on growth of adding DAC 

to a practical diet. PER measurements indicated utilization of nitrogen 

from DAC for tissue protein synthesis. Kidney arginase activity was 

inversely correlated to weight gain. Plasma urea nitrogen was not an 

effective indicator of tissue nitrogen status, while uric acid values 

increased with each increase in dietary nitrogen. There were signifi

cant increases in intestinal urea and urease when DAC was added to 14% 

and 16% protein diets, but the addition of dietary antibiotics negated 

the increases. 

A second series of trials was conducted to study the effect of 

excess indispensable amino acids on chick growth and NPN utilization. 

Arginine, urea, or a combination of these, was added to a casein 

diet. Addition of 0.3% arginine or the combination of 0.3% arginine 

plus 0.7% urea Increased growth rate, intestinal arginase and kidney 

arginase. Urea alone increased the levels of Intestinal urea and 

urease as well as plasma uric acid. Plasma urea nitrogen was not 

affected by dietary arginine or urea. The addition of antibiotics at 

high levels depressed intestinal urease and arginase activities. 

In a second amino acid trial, DL-leucine was added to casein 

and isolated soy protein (ISP) diets. Growth was depressed by leucine 

in the ISP diet but not in the casein diet. When arginine was added to 

the casein diet, growth was increased, while leucine addition depressed 

growth. Dietary leucine increased kidney arginase and decreased plasma 

uric acid. 
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A third trial employed arginine and glycine supplementation to 

a practical diet in combination with ammonium sulfate. Ammonium sulfate 

was not effective in increasing body weight and resulted in higher 

levels of kidney arginase and plasma uric acid as well as lowered plasma 

amino acids. Arginine or glycine added separately increased growth rate 

but added together caused significant performance decreases compared to 

either added singly. Addition of glycine to the basal diet caused an 

increase in plasma uric acid which was not observed when arginine was 

added. 



CHAPTER 1 

INTRODUCTION AND REVIEW OF LITERATURE 

It has become an abundantly known and stated fact that the 

world's population is increasing out of proportion to the ability of 

present agricultural systems to produce an adequate food supply. Of the 

various classes of nutrients, protein is the one observed throughout the 

world to be in extremely limited supply. Numerous Investigations and 

reports have confirmed that protein malnutrition is one of the leading 

causes of infant mortality and impaired growth and development in 

children. 

The increased population has been paralleled by larger numbers 

of domestic animals raised for meat and by-products. The efficiency and 

increased production of these animal units is dependent to a great part 

on a large and constant supply of Intact protein both from animal and 

plant origins. That man also consumes large quantities of protein 

brings about a directly competitive situation in many areas of the world 

for these sources of protein. When the competition becomes too severe, 

man becomes the direct consumer of the vegetable protein in order to 

eliminate the inefficiency of converting vegetable protein into animal 

protein. 

It has been argued that the ruminant animal, because of its in

efficiency in converting grain into muscle (approximately 6-7 pounds of 

1 
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grain for each pound of body weight gained), will be the first domestic 

animal eliminated when the population becomes so great as to require 

the removal of competition for food supplies. This animal, however, 

because of its large functioning rumen, is the one animal not in direct 

competition with man for its food sources, including protein. The rumi

nant Is able to digest cellulose-like material and, with the bacteria in 

the rumen, fix nitrogen onto carbon skeletons thereby producing amino 

acids for bacterial protein synthesis. The bacterial proteins are then 

broken down and utilized by the animal in the true stomach and small in

testine. A great deal of work has been done in the area of non-protein 

nitrogen (NPN) utilization by the ruminant and it Is common practice 

today to add urea or other NPN sources to the ruminant ration. 

In the monogastrlc field, work has been done to prove or dis

prove the applicability of non-protein nitrogen sources as replacements 

for dietary protein. The very early work in this area concerned the 

toxic effects of feeding various NPN sources. Recent work has shown 

that with proper levels of indispensable amino acids In the diets of 

poultry, small amounts of certain NPN sources can be used in transamlna-
( 

tion processes for the production of dispensable amino acids. With the 

growing population and more direction of vegetable protein sources into 

human consumption, there'is an increasing need for further research into 

ways of utilizing NPN sources for poultry and swine production. 
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Review of Literature 

In 1949 Rose et al.̂  were among the first to show that non

protein nitrogen could be utilized by simple-stomached animals. They 

fed rats a purified diet containing vitamins, minerals and Indispensable 

amino acids and supplemented with salts of ammonia, L-glutamic acid, 

glycine or urea. Weight gain was significantly improved by these addi

tions, with nitrogen from diaramonium citrate, L-glutamic acid and 

ammonium acetate being the most effective sources. The results of this 

28 work were verified by Lardy and Feldott and later by Frost and 

19 " Sandy. Labeling studies by Rose and Dekker with rats and by Liu 

et al.̂  with pigs showed that*5 n urea was Incorporated into body 

protein. In the rat study, there was a high concentration of isotope In 

the dispensable amino acids while the indispensable amino acids con

tained very little of the labeled nitrogen. Birnbaum, Winitz and 

Greensteln̂  studied the efficacy of dispensable amino acids, urea and 

ammonium acetate as sources of "non-essential" nitrogen for rats fed a 

purified diet containing the 10 indispensable amino acids. The L-forms 

of glutamate, glutamine, asparagine and proline all improved growth 

when added individually. Ammonium acetate was more effective than 

either urea or glycine as a growth promotant when added to the basal 

diet, while L-serine, L-hydroxyproline and L-cystine depressed growth. 

This non-specificity of nitrogen for the synthesis of dispensable amino 

37 
acids was further investigated by Rechclgl, Loosli, and Williams. In 

this study, rats fed a purified diet containing the indispensable amino 

acids showed the greatest growth response to added L-glutamlne and the 
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least to L-serine with diammonium citrate, urea and biuret falling 

between these values. Since growth studies with swine fed urea showed no 

21 23 54 promising results. ' Wehrbein and associates conducted experiments 

replacing a portion of soybean meal in growing swine diets with diam

monium citrate and diammonium phosphate. Average daily gain, feed in

take, and nitrogen retention were lowered by each incremental addition 

of NPN. That practical diets do not show the growth response to added 

NPN as do purified diets may be explained by the abundance of dispen

sable amino acids in the intact protein sources. 

Early investigations on NPN utilization in poultry were carried 

out by Ackerson, Ham, and Mussehl̂  who showed that urea had no sparing 

effect when replacing intact protein in a practical chick diet. Bice 

and Dean-* repeated this work and reported similar results. Slinger 

et al.̂ 5 fed urea at 2% protein equivalents to chicks and reported an 

increased growth and improved feed conversion. Ammonium citrate and 

diammonium phosphate were added to a practical chick diet by Jones and 

24 Combs who reported depressed performance of birds fed the NPN sources. 

The addition of chlortetracycline to these diets, however, alleviated 

1 6 
the toxic effects. Featherstone, Bird and Harper supplemented a puri

fied indispensable amino acid diet with urea, DAC and dispensable amino 

acids. Addition of any of these NPN sources except urea brought about 

a growth response and improved nitrogen retention. A significant posi

tive correlation between the plasma concentration of dispensable amino 

17 
acids and growth rate was also reported. In a subsequent paper these 

same authors observed similar growth responses and correlations when 

NPN was supplied by D- and excess L- indispensable amino acids. 
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Chavez carried out a series of experiments with broiler chicks to 

determine whether NPN could meet any of the non-specific protein re

quirements when added to a semi-purified diet. Although noting only 

one direct observation of increased growth with added NPN, he concluded 

from measurements of nitrogen retention and protein efficiency ratios 

that young chicks could utilize some non-specific nitrogen. This 

author stressed the importance of restricting the amount of dietary 

protein and of meeting the indispensable amino acids requirement before 

NPN could be shown to be utilized. 

Studies with laying hens have shown NPN utilization under a 
CO 

variety of dietary conditions. Young et al. fed a low (13%) protein 

practical diet supplemented with DAC and observed egg production equal 

statistically to hens fed a 16% intact protein diet. Chavez, Thomas 

and Reid̂  noted similar performance of hens supplemented with either 

DAC or diammonlum phosphate, making reference to a possible requirement 

30 for glycine. Manoukas and Young worked with semi-purified diets 

based on casein or isolated soybean protein. A 12.5% protein diet based 

on either of these protein sources supported egg production with D- and 

L-arginine and DL-methionine added. A significant increase in produc

tion was achieved by supplementing the above diet with a combination of 

alanine, aspartlc acid and glycine, each one dispensable to the laying 

38 hen. Recent experiments by Reid et al. employed a practical diet 

formulated by computer. Laying hens in these studies showed significant 

improvements in egg production when supplemented with diammonlum 

citrate, ammonium sulfate, or diammonlum phosphate. These authors 

concluded from nitrogen consumption data that essential amino nitrogen 
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was converted inefficiently to non-essential amino nitrogen and that NPN 

addition had a sparing effect on essential amino nitrogen. 

The idea of overcoming the toxic properties of a high NPN diet 

was pursued by Sullivan and Bird.-'® These workers fed diets supple

mented with urea or DAC and showed that the ammonia nitrogen from these 

sources could be utilized when the hydroxy analogues of methionine and 

glycine replaced their respective alpha-amino acids in the diet. Work 

by Olsen, Hill, and Branion̂  Indicated that plasma glutamine and uric 

acid were significantly increased when DAC was added to chick diets. 

This suggested to them an ammonia detoxifying system functioning 

through uric acid synthesis. Bloomfield, Letter, and Wilson̂  showed 

that glycine and glucose plus glycine exerted protective effects against 

ammonia intoxication in chicks. Their evidence pointed toward increased 

uric acid production as the detoxifying pathway. 

The production of growth-retarding toxins by gastrointestinal 

microorganisms has been postulated by numerous' researchers. Urease, the 

enzyme catalyzing hydrolysis of urea to ammonia and carbon dioxide is 

present in bacterial cells, and the ammonia produced has been suggested 

as being toxic. Gray, Gerhart and Brookê ® showed that alloxan and 

alloxanic acid depressed the activity of urease from both bacterial and 

plant sources. Dang and Visek̂  injected chicks with preparations of 

crystalline urease and compared their growth to non-injected controls. 

The urease injected chicks, although not showing antibody production 

against the enzyme, outgained the controls. These authors concluded 

that urease, being a foreign protein, could result in development of an 

antibody titre that passed into the intestinal tract and inhibited the 
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activity of bacterial urease. Visek̂ *̂ reported that barbituric acid 

22 inhibited the hydrolytic activity of urease in vitro. Harbors et al., 

supplementing semi-purified chick diets with barbituric acid and 

chlortetracycline, reported that these products, either singly or in 

combination, increased growth and reduced intestinal ammonia and urease 

activity. Alvares, Harbors, and Visek̂  verified this work and reported 

a negative correlation between growth and ureolytlc activity. 

The use of non-protein nitrogen in poultry diets requires that 

the indispensable amino acids be at levels needed by various tissues for 

growth and maintenance. Developing purified diets is relatively un

complicated due to the uniqueness of ingredients normally considered, 

but practical diets, because of the complexity of various amino acids in 

the protein feedstuffs, do not lend themselves to rapid solution of both 

set levels of indispensable amino acids and minimal levels of dispen

sable ones. Computer linear programming techniques have become a tool 

for selecting diets based on natural feedstuffs that best fit a desired 

set criteria. 

The objectives of the work presented in this dissertation were 

to study the utilization of NPN sources under controlled dietary re

strictions and, secondly, to measure several parameters of nitrogen 

status in domestic chicks. 



CHAPTER 2 

THE EFFECT OF NON-PROTEIN NITROGEN AND ANTIBIOTICS 
ON CHICK GROWTH AND NITROGEN METABOLISM 

Experimental Procedure 

Experiment 1: A trial was designed to test the response of 

broiler chicks to a practical diet formulated specifically for use with 

added sources of non-protein nitrogen (NPN). Indispensable amino acids 

were calculated by linear programing to a pattern based on the require

ments expressed as a percentage of dietary protein (Table 1). Dispen

sable amino acid levels were not controlled and the low protein level 

was used to emphasize any differences in growth and nitrogen metabolism 

measurements between treatments. The basal diet with 16.7% protein was 

used as a negative control. Diammonium citrate (DAC) was added at 3.0% 

protein equivalent as a source of NPN and isolated soybean protein was 

added at 3.0% protein equivalent as a positive control. 

To each of these negative, positive and NPN groups, the follow

ing treatments were added: (1) A neomycin/oxytetracycline mixture3 at 

440 ppm to one group in each treatment to determine the effect of a high 

level of antibiotics on performance and NPN utilization, (2) Barbituric 

a. Pfizer and Co., Rahway, N.J. 

8 



9 

Table 1. Composition of Test Diets Used In Experiment 1. 

DAC-
Ingredient Basal % ADM-Supp Supp 

Grain Sorghum 62.67 59.01 58.79 

Soybean Meal 12.50 12.50 12.50 

Fish Meal 5.00 5.00 5.00 

Dehydrated Alfalfa Meal 6.00 6.00 6.00 

Animal Fat 7.75 7.75 7.75 

Dicalcium Phosphate 2.25 2.25 2.25 

Vitamin Mixture*** 2.50 2.50 2.50 

Calcium Carbonate .50 .50 .50 

Mineral Mixturê  .20 .20 .20 

DL-methionlne .13 .13 .13 

Salt .50 .50 .50 

DAC3 - - 3.88 

Isolated Soybean Protein̂  - 3.66 -

1. Supplied per kg of diet: Vitamin A, 9,900 I.U.; Vitamin D_, 1535 
I.C.U.; Vitamin E, 5.5 I.U.; Vitamin B 12, .013 mg.; Vitamin K, 
2.2 mg.; Riboflavin, A.5 mg.; Niacin, 28.0 mg.; Pantothenic Acid, 
II.2 mg.; Choline, 930 mg.; Ethoxyquin, 125 mg. 

2. Supplied per kg.'of diet: Iron, 20 mg.; Zinc, 60 mg.; Molybdenum, 
1 mg.; Manganese, 60 mg.; Calcium, 168 mg.; Copper, 4 mg.; Iodine, 
1.5 mg.; Cobalt, 1.5 mg. 

3. Diammonium citrate 

4. Archer, Daniels, Midland Co. - Isolated Soy Protein. 
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acid to one group In each treatment to determine the effect of a urease 

Inhibitor on overall nitrogen metabolism. 

A total of 216 day-old Hubbard broiler chicks was sexed, 

banded, weighed and placed in groups of 6 (3 females and 3 males) in 

electrically heated batteries having raised wire floors. The battery 

room was held between 21° and 22° C. and had continuous lighting. For 

the first 24 hrs. all chicks were fed a corn/vitamin mix diet after 

which they were placed on their respective treatments. Feed and water 

were offered ad libitum, and there were four replicate groups in each 

dietary treatment. 

At the end of two weeks all birds were weighed individually and 

their weights recorded. The remaining feed from each pen was weighed 

In order to determine feed conversion (gm feed/gm gain). At the end of 

four weeks weight gain and feed conversion were calculated. Blood was 

collected via heart puncture from two birds (1 female, 1 male) from each 

pen. The two blood samples were pooled, centrifuged at 1200 x G, and 

the plasma drawn off and frozen. The total time between collection and 

freezing was approximately 6 minutes. The same birds were then sacri

ficed and the kidneys removed and frozen on dry ice for future analyses. 

Plasma urea was determined colorlmetricallŷ  aiuj plasma uric 

acid by the Uricase Method of Sigma.̂  Total plasma non-protein 

nitrogen was determined by the method outlined by The Coleman Co.̂  

and kidney arginase by the method of Worthlngton Biochemical Corp."'*' 

Experiment 2; A total of 144 day-old Hubbard chicks was 

treated in a manner similar to the procedure outlined in Experiment 1. 
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The baBal practical diet (Table 2), formulated by linear programing to 

meet the minimum essential amino acid requirements of the broiler chick, 

differed from the diet of the previous experiment in that fish meal was 

eliminated to provide an all-vegetable protein diet. Diammonlum 

citrate was added to this diet at 2.5% and 7.5% protein equivalents at 

the expense of grain sorghum. 

To each of these three dietary treatments, one group in each was 

fed 3300 ppm of the antibiotic mixture to inhibit intestinal microflora. 

Each of the six groups was replicated four times. 

Weight gain and feed conversion were determined at two and four 

weeks of age. At four weeks of age nitrogen retention was estimated by 

total fecal collection over a three-day period. 

Blood and kidney samples were removed from two birds in each pen 

in the same manner as Experiment 1. In addition, the large Intestine 

and ceca were collected from these same birds, frozen on dry ice and 

stored. 

Plasma urea and uric acid and kidney arginase were determined by 

the procedures in Experiment 1. Intestinal urea was analyzed by cominut-

ing one part of intestinal content in 10 parts distilled water. Dry 

matter was determined on an aliquot of this homogenate, and 1 ml of 

homogenate was used to determine urea nitrogen by the same method as for 

plasma urea. Intestinal and cecal urease were determined according to 

the method published by Worthington Biochemical Corp.*̂  



Table 2. Composition of Basal Diet Used in Experiment 2. 

Ingredient % 

Grain Sorghum 69.94 

Soybean Meal 12.50 

Alfalfa Meal 6.00 

Animal Fat 5.25 

Vitamin Mixturê  2.50 

Dicalcium Phosphate 2.25 

Limestone .50 

Salt .50 

Dl-methionine .30 

Trace Mineral Mix̂  .20 

L - Lysine HCl .06 

1. See Table 1. 
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Experiment 3: This trial was set up to study the influence of 

dietary amino acid levels and antibiotics on non-protein nitrogen utili

zation. The compositions of the diets used are outlined in Table 3. 

Diet I was similar to the basal diet used in Experiment 2, and Diet III 

was calculated to contain higher levels of indispensable amino acids with 

no consideration given to total protein content. Diets II and IV were 

similar to I and III, respectively, except that diammonium citrate was 

added to each at a level equivalent to 2% protein. In each of the four 

diets, one group was supplemented with 250 ppm antibiotic mixture, making 

a total of eight dietary treatments. Each treatment was replicated 

three times. 

Day-old broiler chicks were fed a corn/soybean meal/vitamin diet 

for one week before being placed on the dietary treatments. Feed and 

water were offered ad. libitum. Weight gain and feed conversion were 

calculated at the end of the second and fourth weeks on trial (three and 

five weeks of age); after the fourth week on trial, four birds from each 

pen were bled by heart puncture and the plasma frozen for future analyses 

of urea nitrogen and uric acid levels. The kidneys and large intestines 

of these birds were saved and analyzed for arginase (kidneys) and urea 

and urease (contents of large intestine). 

Experiment 4: This trial was set up using the same basal diet as 

in Experiment 3 with the same dietary treatments. Day-old broiler birds 

were fed a corn/soybean meal/vitamin diet for one week prior to being 

placed on the test diets for a four-week period. As in the previous 

experiment, weight gain, feed conversion and nitrogen retention were 

calculated at the fourth week. 
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Table 3. Composition of Test Diets Used in Experiments 3 and 4. 

Ingredient 

Percent 
14% Protein 
I II 

of Diet 
16% 

III 
Protein 

IV 

Grain Sorghum 61.80 61.80 61.80 61.80 

Soybean Meal 13.42 13.42 16.92 16.92 

Alfalfa Meal 6.00 6.00 6.00 6.00 

Animal Fat 5.25 5.25 5.25 5.25 

Vitamin Mixturê - 2.50 2.50 2.50 2.50 

Dicalcium Phosphate 2.25 2.25 2.25 2.25 

Limestone 1.00 1.00 1.00 1.00 

Salt .50 .50 .50 .50 

DL-me th ionine .30 .30 .30 .30 

Trace Mineral Mix̂  .20 .20 .20 .20 

Chromic Oxidê  .20 .20 .20 

o
 

CM • 
Solkafloc (cellulose) 6.08 3.50 2.38 -

Diammonium Citrate - 2.58 - 2.58 

Slack Ingredient .50 • .50 .50 .50 

Total 100.00 100.00 100.00 100.00 

1. See Table 1. 

2. Omitted from Experiment 3. Solkafloc added in its place. 

3. Bentonite or antibiotic mixture (neomycin-oxytetracycline), depending 
on treatment. 
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At the end of the second and fourth weeks on trial, blood was 

collected from four birds in each pen following a 12-hour fast (the same 

birds were bled each time). These samples were pooled by pen, centrl

fuged and the plasma collected and frozen for later analyses of plasma 

free amino acid levels. Thawed plasma was deproteinlzed by placing 

2.0 ml in a centrifuge tube with 1.0 ml each of 10% sulfosallcyllc acid 

and deionized water and centrifuging for 5-7 minutes at 1200 x 6. The 

clear supernatant was analyzed on a Beckman Amino Acid Autoanalyzer. 

Part of each unpooled blood sample collected at the fourth week 

was centrlfuged and the plasma retained for urea N and uric acid analyses 

as outlined previously. Samples of kidney and large Intestine were also 

collected and frozen for determination of arginase (kidney) and urea and 

urease (large intestine). 

Data from each of these experiments were subjected to analysis 

48 of variance as outlined by Steel and Torrle. 

Results and Discussion 

Experiment 1: This trial was set up to determine if differences 

in the tissue level of some nitrogenous compounds could be detected be

tween animals fed various dietary nitrogen sources and, secondly, if a 

practical diet based on linear programming was suitable to feeding a 

supplemental NPN source. The dietary restrictions were set to meet the 

indispensable amino acid requirements on a percent of protein basis but 

not necessarily at the National Research Council's recommended levels. 

The protein level of each diet was purposely low so as to accentuate any 

detectable differences between experimental groups. 
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Table A summarizes the two and four-week performance records of 

test birds in Experiment 1. At two weeks there were no differences in 

weight gain between the dlammonlum citrate (DAC) supplemented and basal 

groups. There was, however, a significant increase in gain for the 

treatments supplemented with 3.0% protein from isolated soy protein 

(ISP) over either the basal or DAG supplemented treatments. Antibiotic 

feeding did not alter the performance of birds fed any of the diets. 

Likewise, there was no effect on growth of feeding barbituric acid to 

any of the three groups. 

By four weeks of age, the ISP-supplemented birds had outgained 

the DAC-supplemented groups, but were not significantly different in 

weight from the basal group. As at two weeks, there was no response 

from adding antibiotics to any of the groups. The addition of bar

bituric acid to the DAC supplemented group resulted in a noticeable 

though nonsignificant reduction in growth when compared with the other 

dietary treatments. Barbituric acid is a known inhibitor of urease, the 

enzyme which catalyzes the hydrolysis of urea to carbon dioxide and 

3,10,51 
ammonia. It was thought that this inhibitor might block urea 

hydrolysis in the intestine, thereby limiting ammonia production and any 

possible toxicity. There has been a great deal of work on the addition 

14,22,24 
of prophylactic levels of antibiotics to animal feeds. Low 

levels of certain drugs added to the diet have been shown to Improve 

growth and feed efficiency when compared to unfortified diets. Certain 

antibiotics decrease the thickness of the intestinal lumen thereby fac

ilitating absorption of nutrients across the cell wall into the portal 

blood system.̂  It has also been stated that certain types of less 
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Table 4. The Effect of Dietary Nitrogen Source, Antibiotic and 
Barbituric Acid on Growth and Feed Conversion of Broiler 
Chicks. ̂ 

(Experiment 1) 

Body Weight, gm 

Treatment 
% Dietary 
Protein 

2 Week 4 Week 0-4 Week Feed 
Conversion 

Basal 16.3 174.5cde 357.5ab 1.82 

Basal + DAC2 19.3 165.9e 343.0bc 1.63 

Basal + ISP̂  19.3 192.9ab 383.la 1.62 

Basal + Anti^ 16.3 175.0cde 358.6ab 1.76 

Basal + DAC + Anti 19.3 174.9cde 349.lbc 1.83 

Basal + ISP + Anti 19.3 197.3a 388.7a 1.63 

Basal + B.A.5 16.3 171.7de 336.5bc 1.78 

Basal + DAC + B.A. 19.3 167.6de 324.7ac 1.81 

Basal + ISP + B.A. 19.3 187.0abc 358.2ab 1.73 

1. Means with different- superscripts (read vertically) are different 
at the .05 level of probability. 

2. Diannnonium Citrate. 

3. Isolated soybean protein - Archer, Daniels, Midland Co. 

4. Neomycin/oxytetracycline mixture (440 ppm) - Pfizer Co. 

5. Barbituric Acid. 
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desirable microorganisms are reduced or removed by antibiotics and thus 

decrease competition for nutrients between host and microbes and between 

beneficial and nonbeneficial intestinal microflora.̂  In this and the 

following trials, a neomycin/oxytetracycline mixture was added at levels 

32 well above recommended prophylactic quantities; however, the objective 

was not to evaluate growth-promoting capacity, but to determine what 

effect an altered intestinal microbial population would have on the 

utilization of diammonium citrate and the resulting levels of tissue 

enzymes and nitrogenous compounds. 

It was noted that the ISP-supplemented treatments significantly 

outgained those fed the basal treatments up to two weeks of age, but that 

by four weeks there were no differences in weight (Table 4). This 

suggests either compensatory growth on the part of the basal diet fed 

birds or a reduced growth rate of the supplemented group. It is possible 

that the levels of indispensable amino acids in the ISP-supplemented 

diets were sufficient to support faster growth for the first two weeks 

but the higher amino acid levels were not needed during the last two 

weeks of the study. 

Table 5 outlines the amino acid composition, in percent of die

tary protein (gm/16 gm N), of the three basal diets used in Experiment 1 

with a comparison with the values suggested by Scott, Nesheim and Young.̂  

While arginine, lysine and isoleucine are higher in the ISP diet compared 

with the basal diet, all other amino acids were lower and glycine had a 

value below the recommended level. The amino acids are lower in the ISP 

group with this method of reporting because of the higher protein level 

of the ISP supplemented diet (19.3% vs. 16.3%). 
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Table 5. Comparison of Amino Acid Composition of Test Diets. 

(Experiment 1) 

Amino Acids 
Rm/16 gm N̂  

Amino Acids Basal ISP-Supp DAC-Supp Scott e£ al. 

Arginine 6.08 6.43 (5.14) 6.00 

Lysine 5.60 5.71 (4.78) 5.00 

Methionine 2.51 2.44 2.13 2.00 

Methionine + Cystinê  4.34 3.89 3.64 3.50 

Tryptophane 1.23 1.19 1.04 1.00 

Glycine 5.03 (4.77) (4.16) 5.00 

Phenylalanine 5.06 4.98 4.21 3.50 

Phenylalanine + Tyrosinê  9.34 9.08 7.79 7.00 

Valine 5.54 5.45 4.62 4.30 

Leucine 10*18 9.55 8.42 7.00 

Isoleucine 5.09 5.29 4.26 4.00 

Threonine 4.04 4.00 3.38 3.50 

Histidine 2.35 2.39 1.97 2.00 

1. Based on total crude protein in test diet. 

2. Cystine is a dispensable amino acid, but may replace up to 1/3 
of the total sulfur amino acid requirement. 

3. Tyrosine is dispensable, but may replace up to 1/2 of the total 
aromatic amino acid requirement. 
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Table 6 presents the four-week kidney arglnase activities (units/ 

gm. protein) for the treatments In Experiment 1. Feeding the basal and 

DAC supplemented diets with and without antibiotics resulted In no sig

nificant difference in kidney arglnase activities. In the absence of 

antibiotics there was a twofold increase in arglnase activity in the 

ISP fed group while the antibiotic treatment eliminated this difference 

in enzyme activity between the diets (Table 6). Barbituric acid fed 

animals showed a significant decrease in kidney arglnase in comparison 

with birds fed the unsupplemented basal diet or antibiotics. DAC or 

isolated soy-protein both significantly increased kidney arglnase in the 

presence of barbituric acid. The kidney arglnase values were slgnifl-
m ' 

cantly lower for the basal and DAC-supplemented groups in comparison 

with the same groups in the absence of barbituric acid. The ISP 

supplemented birds had the second highest level of kidney arglnase 

activity of the experiment. 

O'Dell, Amos and Savagê -* fed a practical diet with and without 

added arginine to broiler chicks and measured growth and kidney arglnase 

activity. They noted Increases in both body weight and arglnase activity 

with the feeding of arginine in the diet. The work presented here seems 

to agree with these authors. An analysis of the calculated amino acids 

levels in all three diets of Experiment 1 (Table 5) showed that arginine 

was higher as a percent of the total protein in the ISP supplemented 

group compared with both the basal and DAC-supplemented groups. While 

O'Dell and co-workers suggest that kidney arglnase may be induced only 

qc 
by free arginine in the diet, the present study suggests that the 

quality of dietary protein supplying arginine exerts an influence on 
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Table 6. The Influence of Dietary Nitrogen, Antibiotic and 
Barbituric Acid on Kidney Arginase Activity. 

(Experiment 1) 

1 0 Kidney Arginase, Units per gm. Proteinx* 
Diet W/0 Anti W/ Anti Barb. Acid. Mean 

Basal 33.9de 35.9cd 20.98 30.2a 

Basal + DAC 32.6e 37.3C 25.7f 31.9a 

Basal + ISP 62.7a 35.5cde 44.5b 47.6a 

Mean 43. lx 36.2? 30.4Z 

1. Average of 8 observations per treatment. 

2. Means not having common letter superscripts are significantly 
different at the .01 level of probability. 

3. One unit of arginase = the amount of enzyme needed to hydrolyze 1.0 
micromole of arginine in one minute at 25° C. 
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kidney arginase activity. The ornithine cycle, of which arglnase is a 

part, is inoperative in chicken tissue. Induction of kidney arginase 

has been reported as a result of feed in excesses of lysine, threonine 

and other amino acids.̂ 5 while the source was not defined in this 

experiment, it may be postulated that plasma arginine was increased by 

the addition of ISP, causing increased arginase activity. The reduced 

activity of this enzyme brought about by the addition of barbituric a.<;icJ 

(a urease inhibitorj&$i&$K suggests that arginase may have been in

hibited, possibly due to increased plasma urea levels. 

The effect of dietary nitrogen source, antibiotics, and barbi

turic acid on plasma urea nitrogen is summarized in Table 7. With both 

the basal and ISP supplemented diets there were no significant differ

ences between the non-antibiotic and antibiotic treated birds. When 

diammonium citrate was added to the basal diet, however, there was a 

marked increase in plasma urea nitrogen in the presence of the anti

biotic,mixture compared with the non-treated birds (9.35% vs. 6.13 mg %) . 

Birds in the antibiotic and barbituric acid treatments showed significant 

increases in plasma urea values when DAC was added to the diet. Birds 

fed the higher protein diet (ISP) showed increased plasma urea nitrogen 

both in the presence and absence of antibiotics. Feeding barbituric 

acid increased plasma urea in both the basal and DAC supplement groups 

(Table 7). These elevated values may be linked to the corresponding 

decrease in kidney arginase levels of this experiment (Table 6). The 

Inhibitory property of barbituric acid on ureolysls in the intestine 

would have the effect of increasing the urea level in the intestine and 
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Table 7. The Effect of Dietary Nitrogen Source, Antibiotic and 
Barbituric Acid on Plasma Urea Nitrogen in Broiler Chicks 
at Four Weeks of Age. 

(Experiment 1) 

1 2 
Plasma Urea Nitrogen, mg./lOO ml * 

Diet W/0 Anti W/Antl Barb. Acid Mean 

Basal 5.45d 6.03d 8.40c 6.63a 

Basal + DAC 6.13d 9.35b 11.13a 8.87c 

Basal + ISP 7.71c 8.11c 6.36d 7.39b 

Mean 6.43a 7.83b 8.63c 

1. Average of eight observations per treatment. 

2. Means not having common letter superscripts are significantly 
different at the .01 level of probability. 



making it available for reabsorption into the blood stream, the result 

being an increased blood urea value. 

Plasma uric acid was measured sto determine the relative effect of 

dietary nitrogen sources and levels on nitrogen detoxification by urea 

and uric acid formation (Table 8). In all cases, there was a significant 

increase in plasma uric acid when DAC was added to the diet. Feeding 

additional protein (ISP) in the diet caused similar increases in uric 

acid with and without the antibiotic supplement, but not in the barbi

turic acid fed birds. The feeding of barbituric acid resulted in 

lowered urate values when compared to the antibiotic and basal diet fed 

birds. Inhibition of ureolysls in the intestine would provide for less 

ammonia absorption into the portal blood and, consequently, less de

toxification would occur through the uric acid pathways. Increased uric 

acid in the DAC supplemented groups with a concommitant lowered weight 

gain suggests that the uric acid pool was functioning in detoxification. 

Experiment 2; Non-protein nitrogen was fed at two levels in a 

practical type diet of low protein content but adequate in indispensable 

amino acids on a percent of total protein basis. Antibiotics were added 

at 3300 ppm to determine the effect of an altered intestinal microbial 

population on NPN utilization, and to study the contribution of these 

microorganisms to nitrogen metabolism. 

Table 9 presents the performance data of the feeding trial with 

DAC added at 2.5% and 7.75% protein equivalents both with and without 

antibiotic. There were no significant differences in body weight 

between the basal and basal plus 2.5% DAC groups irrespective of anti

biotic treatment. The 7.75% DAC level depressed growth on diets. It 
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Table 8. The Effect of Dietary Nitrogen, Antibiotic and Barbituric 
Acid on Plasma Uric Acid in Chicks. 

(Experiment 1) 

Plasma Uric Acid, mg./lOO ml̂ '̂  
Diet W/O Anti W/Anti Barb. Acid Mean 

Basal 3.52d 3.14d 2.53d 3.06a 

Basal + DAC 9.58a 9.00ab 6.20c 8.26c 

Basal + ISP 8.27ab 5.34c 3.69d 5.77b 

Mean 7.12c 5.83b 4.l4a 

1. Average of eight observations per treatment. 

2. Means not having common letter superscripts are significantly 
different at the .01 level of probability. 
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Table 9. The Effect of Non-Protein Nitrogen and Antibiotics on Weight 
Gain, Nitrogen Retention, and Protein Efficiency Ratio in 
Chicks at Four Weeks of Age. 

(Experiment 2) 

Treatment 
Body 
Wt. gm. 

% Nitrogen 
Retention 

P.E 
W/ NPN 

.R.2 

W/O NPN 

Basal 309.4a 55.4a 3.12a 3.12ab 

Basal + Antî  281.2ab 56.4a 3.13a 3.13ab 

Basal +2.5% DAC4 281.4ab 36.7C 2.73a 2.87ab 

Basal +2.5% DAC + Anti 268.7ab 44.2b 2.88a 3.13ab 

Basal + 7.75% DAC 203.4C 35.8C 1.99b 3.30a 

Basal + 7.75% DAC + Anti 188.8C 38.5bc 1.80b 2.75b 

1. Means not having common letter superscripts are significantly 
different at the .05 level of probability. 

2. Protein Efficiency Ratio: g gain/gra protein consumed. 

3. Neomycin/oxytetracycline mixture (3300 ppm), Pfizer Co. 

4. Diammonium citrate. 
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was felt that the addition of NPN at 37% of the dietary crude protein 

would severely inhibit growth and adversely affect livlbility of the 

birds. There was, however, no mortality in any of the groups and the 

birds appeared healthy when compared to the controls. 

Nitrogen retentions were decreased with the addition of NPN to 

the basal diet (Table 9), however, the antibiotic supplement appeared to 

improve retention at each level of NPN supplementation. The lowered 

retention due to NPN is predictable when the large increase in total 

nitrogen consumption, particularly at the higher level of DAC, is 

considered. In order to determine whether any of the dietary NPN was 

being converted to tissue amino acids and protein, the protein efficiency 

ratio.(PER), defined as grams of gain per gram of protein consumed, was 

calculated. These values are also summarized in Table 9, both with and 

without NPN considered in the calculation. When NPN was taken into 

account there was a significant decrease in PER at both levels of NPN 

supplementation compared to the basal diet. Again, this response is 

reasonable when the quantity of total dietary nitrogen consumed is 

compared to weight gain in each group. Removing the NPN contribution 

from the dietary intake figure and calculating PER on an intact protein 

basis showed that there was no significant difference between the basal 

and 2.5% DAC groups, and that the 7.75% DAC group without antibiotic had 

a significantly higher PER than when antibiotics were fed in this diet. 

Chavez et al.̂  reported a similar response in both layers and broiler 

chicks, using dlammonium citrate and ammonium phosphate or glycine at 

3% protein equivalents. 
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The effects of dietary NPN and antibiotic supplementation on 

kidney arginase are presented in Table 10. The activity of this enzyme 

was the same among all treatments for the basal and 2.5% DAC fed groups. 

Supplementing the basal diet with 7.75% protein equivalent from DAC 

significantly increased kidney arginase levels in both antibiotic 

treatments. There appeared to be a slight, though nonsignificant, trend 

toward elevated arginase values in both NPN supplemented groups when 

the antibiotic was added to the diet. This trend, and the significant 

increase at the high NPN level correlated inversely to the weight gain 

values presented in Table 9. An analysis of this correlation showed a 

statistically significant regression value of -0.750. 0*Dell, Amos and 

35 Savage reported an inverse relationship between growth and kidney 

arginase levels in chicks fed a semi-purified diet. 

Plasma urea and uric acid levels, summarized in Table 11, 

indicate that adding DAC at 7.75% protein equivalent without antibiotic 

resulted in elevated plasma urea, but not when the antibiotic mixture 

was included in the diet. All other treatment differences were not 

significant. Uric acid levels were significantly increased with the 

higher level of DAC, regardless of antibiotic treatment. It will be 

noted in this experiment that plasma urea values were generally higher 

than uric acid levels. Uric acid is the end product of protein metab

olism in avian species and is normally higher in plasma than urea. Urea, 

49 however, is located primarily in the cellular fraction of whole blood. 

The method of handling blood samples prior to analysis for plasma urea 

could drastically change the ratio between intra- and extracellular 

urea. It may be assumed, however, that since all blood samples within 
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Table 10. Kidney Arginase Levels in Chicks Fed Graded Levels of 
Diammonium Citrate and Antibiotics. 

(Experiment 2) 

Kidney Arginase, Units/gnu Protein 
Diet W/0 Anti W/ Anti Mean 

Basal 16.4C 16.2C 16.3X 

Basal + 2.5% DAC 14.6d 17.4C 16.0X 

Basal + 7.75% DAC 20.4b 27.5a 24.0y 

Mean 17. lm 20.4n 

1. Average of eight observations per treatment. 

2. Means not having common letter superscripts are significantly 
different at the .01 level of probability. 
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Table 11. The Effect of Dietary Dlammonlura Citrate and Antibiotics 
on Plasma Urea Nitrogen and Uric Acid in Broiler Chicksl»2 

(Experiment 2) 

Treatment 
Plasma Urea 

Nitrogen, mg./lOO ml 
Plasma Uric 

Acid, mg./lOO ml 

Basal 5.36b 3.85bc 

Basal + Antl 6.18ab 3.68c 

Basal +2.5% DAC 5.12b 4.17bc 

Basal +2.5% DAC + Antl 5.01b 4.23b 

Basal + 7.75% DAC 8,49a 8.42a 

Basal + 7.75% DAC + Antl 4.32b 8.83a 

1. Average of 8 observations per treatment 

2. Means not having common letter superscripts are significantly 
different at the .01 level of probability. 
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the experiment were handled In a similar manner, the plasma urea values 

give a relative picture of urea status with respect to treatment. 

Intestinal urea and urease were measured to determine the effect 

of large quantities of antibiotics on intestinal microbes and the amounts 

of intestinal urea and urease in relation to growth. Measurements were 

31 taken In the 10 cm. segment anterior to the cecal juncture. Mettrick 

measured NPN level along the intestinal tract of rats at various time 

intervals after feeding and observed the major concentration to be in 

the last 25% of the small intestine. Table 12 summarizes the influence 

of dietary NPN and antibiotic supplementation on intestinal urea and 

urease. There was a significant increase in urea when DAC was added to 

the basal diet and the inclusion of antibiotics significantly depressed 

this level in both DAC-supplemented groups. Intestinal urease was 

significantly reduced In the presence of antibiotic feeding. 

The Increase in urea noted in non-medicated treatments when DAC 

was added suggests that urea was being synthesized by intestinal micro

organisms and that adding antibiotics at the levels used in this experi

ment eliminated these urea producing organisms. A second pathway of 

urea production could come through the normal detoxicatlon system of 

converting excess ammonia nitrogen into uric acid which is readily 

diffusible into the intestine from the blood. Uric acid might then 

be enzymatically degraded to urea and become subject to attack by 

22 urease. 

Experiment 3; Two levels of intact protein were added with 2% 

protein equivalent from dlammonium citrate (DAC) both with and without 
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Table 12. The Influence of Diammonium Citrate and Antibiotics on 
Intestinal Urea and Urease*-»2 

(Experiment 2) 

Treatment 
Intestinal 

Urea, mg./gm DM 
Intestinal 

Urease, Units/gm DM 

Basal 1.73C 23.4b 

Basal + Anti 1.21cd 8.2C 

Basal +2.5% DAC 3.48b 23.lb 

Basal +2.5% DAC + Anti 1.06d 4.9C 

Basal + 7.75% DAC 10.73a 34.8a 

Basal + 7.75% DAC + Anti 3.18b 0.9° 

1. Average of eight observations per treatment. 

2. Means not having common letter superscripts (read vertically) are 
significantly different at the .01 level of probability. 
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the antibiotic mixture. In this experiment, day-old chicks were started 

on a corn/soy/vitamin mix for one week prior to being placed on the test 

diets. Weight gain and protein efficiency ratios for the four-week 

trial period are presented in Table 13. No response in gain was noted 

when DAC was added to the unmedicated 14% and 16% intact protein diets. 

Antibiotic feeding had a detrimental effect on weight gain in each group 

except the 16% basal, in which there was a significant increase. 

Protein efficiency ratios (PER) were calculated by the standard method 

and by removing the calculated donation of NPN to the diet. With NPN 

considered in the equation, DAC produced a lower PER compared with the 

basal diet, indicating less overall utilization of dietary nitrogen. 

Calculation without NFN, however, showed the nitrogen from the NPN 

diets to be partially utilized. In the 16% intact protein + DAC treat

ment there was a significant increase in PER compared to the intact / 

protein control diet. 

Kidney arginase values are shown in Table 14. The addition of 

DAC caused a significant increase in enzyme activity of birds on the 

14% intact protein diet but not on the 16% diet. The addition of the 

antibiotic mixtures to each treatment significantly raised arginase 

levels with the exception of birds on the 16% intact protein diet. A 

negative correlation between arginase activity and growth, similar to 

the preceding experiment, was observed although it was not statistically 

significant. 

Plasma urea nitrogen and uric acid values are presented in 

Table 15. There were no significant differences in plasma urea as a 

result of feeding any of the experimental diets. Uric acid was increased 
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Table 13. The Effect of Dietary Protein, Non-Protein Nitrogen, and 
Antibiotic on the Growth and Protein Efficiency of Broiler 
Chicks to Five Weeks of Age. 

(Experiment 3) 

% Total 
Treatment (N 

Protein 
x 6.25) 

Body 
Weight, gm. 

P.E 
W/ NPN 

.R.2 
W/0 NPN 

Low Protein Basal 14.0 542.0C 3.50a 3.50a 

Low Protein + Antibiotiĉ  14.0 513.3d 3.40a 3.40ab 

Low Protein + DAĈ  16.0 540.0C 2.84de 3.25bcd 

Low Protein + DAC + Antibiotic 16.0 510.3d 2.72e 3.11d 

High Protein Basal 16.0 687.0b 3.llbc 3.11d 

High Protein + Antibiotic 16.0 735.3a 3.19b 3.19cd 

High Protein + DAC 18.0 688.3b 2.93cd 3.31bc 

High Protein + DAC + Antibiotic 18.0 556.7C 2.56f" 2.88e 

1. Means not having common letter superscripts (read vertically) are 
significantly different at the .01 level. 

2. Protein efficiency ratio = gins, gain/gm. protein consumed. 

3. Neomycln/oxytetracycline mixture (250 ppm), Pfizer Co. 

4. Diammonium citrate. 
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Table 14. The Effect of Dietary Protein Levels, Diammonium Citrate 
and Antibiotic on Kidney Arginase Activity in Broiler 
Chicks to Five Weeks of Age.̂ »2 

(Experiment 3) 

Treatment W/0 Antibiotiĉ  W/Antiblotic Mean 

14% Basal 18.12c 28.81ab 23.46 

14% + DAC4 25.73̂  32.93a 29.33 

16% Intact Protein 17.24ac 19.24c 18.24 

16% + DAC 18.37c 25.21b 21.79 

Mean 19.86 26.55 

1. Average of eight observations per treatment. 

2. Means not having common letter superscripts (read vertically) are 
significantly different at the .05 level. 

3. Neomycin/oxytetracycline mixture. 

4. Diammonium citrate. 
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Table 15. Plasma Urea Nitrogen and Uric Acid Values in Chicks Fed 
Diets Containing Graded Protein Levels, Non-Protein 
Nitrogen, and Antibiotic. 

(Experiment 3) 

% Total Protein Plasma Urea Plasma Uric 
Treatment (N x 6.25) Nitrogen, mg/lOOml Acid, mg/lOOml 

Low Protein Basal 14.0 3.47a 4.85de 

Low Protein + Antibiotiĉ  14.0 4.13a 3.75e 

Low Protein + 2% DAĈ  16.0 4.00a 7.93ab 

Low Protein + DAC + Antibiotic 16.0 2.93a 6.21cd 

High Protein Basal 16.0 3.36a 5.28de 

High Protein + Antibiotic 16.0 4.11a 5.25de 

High Protein + 2% DAC 18.0 3.76a ;- 9.34a 

High Protein + DAC + Antibiotic 18.0 4.35a 8.76ab 

1. Average of eight observations per treatment. 

2. Means not having common letter superscripts are significantly 
different at the .05 level. 

3. Neomycin/oxytetracycline mixture. 

4. Dlammonium citrate. 
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by the addition of DAC at both intact protein levels. It would appear 

the uric acid synthesis increased in response to dietary DAC as a means 

of eliminating excess nitrogen absorbed from the intestine. 

Intestinal urea nitrogen values were affected by both DAC and 

antibiotic additions (Table 16). Unlike the plasma figures, intestinal 

urea increased with the addition of DAC at both Intact protein levels. 

There was no response to the increased nitrogen from the 16% intact diet 

compared to the 14%. Intestinal urea behaved similarly to plasma uric 

acid. Intestinal urease activity increased on the 14% diet when DAC was 

added regardless of antibiotic treatment, while the use of the 16% 

protein diet eliminated this response. In all instances, the addition of 

antibiotic significantly reduced the activity of intestinal urease, an 

v , 3,13,14,52,53,55 
observation reported by several workers. * 

Experiment 4: This study expanded on the observations that were 

discussed in Experiment 3. Birds were again allowed to adjust on a 

corn/soy or corn/soy/antibiotic diet for a week prior to NPN supplementa

tion. Table 17 summarizes the performance data for this experiment. As 

with the preceding data, there was no detrimental effect on growth from 

the addition of DAC to the unmedicated intact protein diets, while adding 

DAC to the high antibiotic diets significantly depressed weight gain. 

The greatest Increase in weight occurred in the 16% intact protein group 

supplemented with antibiotic, an observation which agrees with the 

preceding work. Nitrogen retentions were not affected by antibiotic 

treatment but were significantly lowered by DAC supplementation at both 

levels of intact protein. There was a maflced increase in N-retention for 
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Table 16. The Effect of Dietary Nitrogen Source and Antibiotic on 
Large Intestinal Urea Nitrogen and Urease Activity in 
Five-Week Old Broiler Chicks. 

(Experiment 2) 

% Total Protein 
Treatment (N x 6.25) 

Urea 
Nitrogen, mg/gm DM 

Urease 
Units/gm DM 

Low Protein Basal 14.0 8. 32bcd 37.02b 

Low Protein + Antibiotiĉ  14.0 4. 27e 14.80d 

Low Protein + DAĈ  16.0 10. 38b 50.39a 

Low Protein + DAC + Antibiotic 16.0 7. 43cd 35.4lb 

High Protein Basal 16.0 6. 64cd 37.97b 

High Protein + Antibiotic 16.0 5. 68de 24.78° 

High Protein + DAC 18.0 13. 58a 41.05ab 

High Protein + DAC + Antibiotic 18.0 9. 38bc 22.79° 

1. Average of eight observations per treatment. 

2. Means not having common letter superscripts are significantly 
different at the .05 level. 

3. Neomycin/oxytetracycline mixture. 

4. Diammonium citrate. 



Table 17. The Effect of Protein Level, Non-Protein Nitrogen and Antibiotic on Growth, Feed 
Conversion, Protein Efficiency Ratios and Nitrogen Retention of Broiler Chicks 
to Four Weeks of Age. * 

(Experiment 4) 

% Total Protein Body Weight % Nitrogen P.E.R.3 

Treatment (N x 2.25) Grams Retention With NPN W/0 NPN 

Low Protein Basal 14.0 592.0b 57.2b 4.13a 4.13ab 

Low Protein + Antibiotiĉ  14.0 588.4b 59.6b 4.25a 4.25ab 

Low Protein + DAĈ  16.0 590.4b 42.6C 3.32bc 3.81ab 

Low Protein + DAC + Antibiotic 16.0 502.3C 48. ld 3.23c 3.68b 

High Protein Basal 16.0 603.8b 61.3a 4.24a 4.24ab 

High Protein + Antibiotic 16.0 669.2a 63.4a 4.16a 4.16ab 

High Protein + DAC 18.0 632.2ab 54.2cd 3.49ab 3.93ab 

High Protein + DAC + Antibiotic 18.0 600.0b 57.4bc 3.94ab 4.44a 

1. Average of three observations per treatment. 
2. Means not having common letter superscripts (read vertically) are significantly different 

at the .01 level of probability. 
3. Protein efficiency ratio = gms. gain/gins, protein consumed. 
4. Neomycin/oxytetracycline mixture. 
5. Diammonium citrate. 
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all 16% Intact protein treatments as compared to their corresponding 14% 

diets. Protein efficiency ratios followed the pattern established 

throughout these experiments. With NFN considered, DAC caused a 

significant drop in efficiency at either level of intact protein. The 

efficiency ratio of the NFN diets became equal to the intact diets when 

it was calculated without NPN nitrogen considered in the formula. In 

the case of the 16% + DAC group with antibiotic, the highest PER of the 

experiment was recorded. 

Kidney arginase activity was affected by both NPN and antibiotic 

treatments (Table 18). The addition of 2% protein equivalent from DAC 

to the 14% diet resulted in significant increases of enzyme activity in 

both the medicated and non-medicated groups. Adding the same amount of 

NFN to the 16% diet also caused significant arginase increases in the 

medicated groups, but a decrease in the non-medicated groups. An 

inverse relationship was noticed between kidney arginase and weight gain 

as evidenced by the lowest enzyme measurement being observed in the 

medicated 16% intact protein group which had the highest weight gain 

recorded. Conversely, the medicated, NPN-supplemented 14% diet showed 

the highest arginase activity and the lowest weight gain. These observa

tions agree with earlier ones in this paper, indicating that increased 

arginase activity, induced by NPN feeding could have reduced the effective 

arginine levels available for growth. The first experiments in this 

series dealt with chicks placed on test diets between one and three days 

of age. Arginase variation was higher in these trials, resulting In 

fewer significant differences between treatments while, in the last two 
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Table 18. The Effect of Dietary Protein Level, Non-Protein Nitrogen 
and Antibiotic on Kidney Arginase Activity of Broiler Chicks.̂ -

(Experiment 4) 

Ingredient 
Without 

Antibioticŝ  
With 

Antibiotics Mean 

14% Basal 32.52c 36.16b 34.34 

14% + 2% DAC3 37.35̂  40.903 39.12 

16% Basal 36.18b 20.96e 28.57 

16% + 2% DAC 24.87d 37.87b 31.37 

Mean 32.73 33.97 33.35 

1. Means not having common letter superscripts are significantly 
different at the .01 level. 

2. Neomycin/oxytetracycline mixture. 

3. Diammonium citrate* 
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trials with birds grown for a week prior to introduction of test diets, 

within-treatment variation was lower. The role of arginase in chick 

growth has been discussed by several workers who noted no correlation 

between growth potential and enzyme activity in chicks fed practical 

18 46 47 diets, * ' while Smith and Lewis have viewed the role of arginase as 

being destructive in nature.̂  These authors observed increased arginine 

requirements in chicks with high kidney arginase levels, although whether 

this increased enzyme activity was induced by arginine in the diet or by 

genetic factors is not completely clear. High dietary lysine to arginine 

ratios increased kidney arginase in the studies of Nesheim, Austic and 

34 
Wang. 

The effect of NPN supplementation and high antibiotic levels on 

plasma urea and uric acid are summarized in Table 19. Urea N values were 

high, due probably to collection techniques rather than metabolic 

activity. Within-treatment variations were low, however, allowing for 

statistical comparison of means. Plasma urea levels appeared to be 

dependent on the total N of the diet as DAC supplementation caused a 

significant increase at both levels of intact dietary protein regardless 

of antibiotic treatment. Plasma uric acid values were markedly Increased 

by the addition of DAC but not intact protein, a predictable reaction if 

the uric acid pathway was involved in removal of excess nitrogen from 

the system. 

In this experiment, intestinal urea and urease activity were 

measured just anterior to the cecal juncture. With the exception of 

urea levels in the 16% intact protein groups, antibiotic addition dras

tically lowered the level and activity of urea and urease, respectively 
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Table 19. Plasma Urea Nitrogen and Uric Acid Levels in Chicks Fed . „ 
Graded Protein Levels, Diammonium Citrate and Antibiotic. 

(Experiment 4) 

% Total 
Treatment (N x 

Protein Plasma Urea 
6.25) Nitrogen, mg/100ml 

Plasma Uric 
Acid, mg/100 ml 

Low Protein Basal 14.0 5.39f 3.29c 

Low Protein + Antibiotiĉ  14.0 6.24e 2.63c 

Low Protein + DAĈ  16.0 7.38d 7.15ab 

Low Protein +DAC + Antibiotic 16.0 7.32d 7.43a 

High Protein Basal 16.0 8.61b 3.71c 

High Protein + Antibiotic 16.0 8.01c 5.53b 

High Protein + DAC 18.0 9.63a 6.16b 

High Protein + DAC + Antibiotic 18.0 9.46a 7.30a 

1. Average of six observations per treatment. 

2. Means not having common letter superscripts (read vertically) are 
significantly difierent at the .01 level. 

3. Neomycln/oxytetracycline mixture. 

4. Diammonium citrate. 
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(Table 20). DAG supplementation caused an Increase In urea In the non-

medicated groups, while antibiotic addition seemed to remove this 

effect. A similar response was observed in urease activity. The induc

tion of this enzyme seems dependent on the presence of substrate, an 

observation discussed by Vlsek,-̂  although the origin of the high urea 

values in the DAC-supplemented birds is not clear. The low levels of 

both urea and urease in the antibiotic fed birds would suggest local 

(intestinal) rather than external (dietary or tissue) origin. Blood 

urea and uric acid are both transmlttable to the Intestine for hydroly

sis to ammonia (urea directly and uric acid after enzymatic conversion); 

however, there should be equally high values of urea in antibiotic 

treated groups compared to non-treated ones if this were the case, 

considering the probable increased permeability of mucosal cell mem

branes due to antibiotics.̂  

Table 21 summarizes the influence of dietary protein content, 

diammonlum citrate and antibiotic on plasma amino acid levels. With the 

exception of the low protein basal plus DAC, there was an Increase in 

dispensable and indispensable amino acids when the antibiotic mixture 

was fed. Supplementing the unmedicated basal diet with 2.0% protein 

equivalent from SAC caused increases in all amino acids. The same thing 

was noted in the medicated high protein basal diet, although all other 

DAC additions resulted in overall decreases. An increase in the levels 

of dispensable amino acids can be indicative of their synthesis. Since 

changes in the levels of the dispensable amino acids is difficult to 

interpret without knowing their relationship to the indispensable ones, 

the ratio of indispensable to dispensable amino acids was calculated 
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Table 20. The Influence of Dietary Protein, Non-Protein Nitrogen and 
Antibiotic on Large Intestinal Urea and Urease Activity in 
Four-Week Old Broiler Chicks.1*2 

(Experiment 4) 

% Total Protein 
Treatment (N x 6.25) 

Urea, 
Mg/gm DM 

Urease, 
Units/gm DM 

Low Protein Basal 14.0 7.84b 19.90b 

Low Protein + Antibiotiĉ  14.0 4.38c 11.01cd 

Low Protein + DAĈ  16.0 11.36a 27.21a 

Low Protein + DAC + Antibiotic 16.0 2.17d 9.82d 

High Protein Basal 16.0 4.44c 14.21C 

High Protein + Antibiotic 16.0 3.55c 9.75d 

High Protein + DAC 18.0 15.88a 29.18a 

High Protein + DAC + Antibiotic 18.0 5.72c 8.88d 

1. Average of six observations per treatment. 

2. Means not having common letter superscripts (read vertically) are 
significantly different (P .01). 

3. Neomycin/oxytetracycline mixture. 

4. Diammonium citrate. 
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Table 21. Plasma Amino Acid Values of Chicks Fed a Practical Diet 
Varying in Protein Content, Diammonluro Citrate and 
Antibiotic. 

(Experiment 4) 

7 Total Protein Anti-
(N x 6.25) biotic. 

Plasma Amino Acids, uM/100 ml 
/a 

Treatment 
Total Protein Anti-
(N x 6.25) biotic. ppm Total IAA1 DAA2 IAA/DAA 

Low Basal 13.3 1491 718 773 .93 

Low Basal 13.3 250 1778 835 943 .88 

Basal + DAĈ  15.3 1625 809 816 .99 

Basal + DAC 15.3 250 1392 723 669 1.08 

High Basal 15.0 1648 781 867 .90 

High Basal 15.0 250 1591 812 729 1.11 

High Basal + DAC 17.0 1488 763 725 1.05 

High Basal + DAC 17.0 250 1821 964 857 1.12 

1. Indispensable amino acids. 

2. Dispensable amino acids. 

3. Neomycin/oxytetracycline mixture. 

4. Diammonium citrate. 



47 

and appears in the last column of Table 21, There was no apparent 

correlation between increased dispensable amino acids and weight gains 

in birds on this trial. It is possible, however, that the 12-hour 

period of fasting prior to blood collection may have affected the amino 

acid patterns. 

Summary 

Four trials were conducted with broiler chicks to measure growth 

and nitrogen status on various practical diets supplemented with diam

monium citrate. High levels of an antibiotic mixture were added to diets 

to determine the influence on NPN utilization. Diammonium citrate, when 

added to the diet from day one, was not utilized well by chicks, as 

measured by weight gain and feed conversion. Allowing a one-week growth 

period on a normal diet prior to introducing the DAC, however, appeared 

to promote utilization. Calculation of protein efficiency ratio (PER) as 

an indirect measure of nitrogen utilization showed that diammonium cit

rate was incorporated into tissue proteins on these low protein practical 

diets when the indispensable amino acids were at a minimum level. 

Several tissue nitrogen components were measured to study the 

effect of NPN supplementation on overall nitrogen metabolism. From 

these studies, several conclusions may be drawn as to their application 

in measuring tissue nitrogen status: 

1) Plasma urea nitrogen level was not a reliable indicator of 

overall nitrogen status. This was due primarily to the presence of urea 

in both the plasma and erythrocyte fractions of avian blood, making 

collection procedure critical, and secondly, the lesser role of urea as 

compared to uric acid as a detoxlcant In birds. 
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2) Kidney arglnase activity was inversely related to weight 

gain in broiler chicks. This relationship agreed with the findings of 

other workers and seemed to strengthen the theory that arglnase may have 

destructive properties in birds due to a resulting in vivo deficiency of 

arginlne. 

3) Uric acid levels appeared to increase with increased nitrogen 

in the diet regardless of nitrogen source. 

4) Intestinal nitrogenous sources and enzymes Involved in their 

metabolism may play a role in overall tissue nitrogen status. Urease 

activity was stimulated by the presence of high plasma urea and 

depressed by dietary antibiotic and barbituric acid. 



CHAPTER 3 

THE EFFECT OF AMINO ACID SUPPLEMENTATION 
ON CHICK GROWTH 

Experimental Procedure 

Experiment 1; A total of 144 day-old chicks was prepared for 

experimental study by the procedures outlined in Experiment 1, Chapter 2. 

A semi-purified, unbalanced diet composed essentially of casein and cere-

lose (Table 22) was fed to three pens of control birds. To this basal 

diet, 0.3% arginine, 0.7% urea (2.0% protein equivalent) or a combination 

of these was added. In addition, three replicates on each of these four 

dietary groups were supplemented with 440 ppm antibiotic mixture (neo

mycin sulfate/oxytetracycline). 

Body weight gain was measured at two and four weeks after intro

duction of the test diets. At four weeks, blood samples were collected 

via heart puncture from birds in each pen, and the plasma saved for 

analysis of urea and uric acid. These birds were immediately sacrificed 

and kidney and intestinal tissue removed and frozen with dry ice. Kidney 

tissue was analyzed for arginasê ® activity and the intestinal contents 

for ureâ  and urease.In addition, intestinal arginase was measured 

by a modification of the kidney arginase method. 

Experiment 2: Two semi-purlfled diets were prepared to measure 

effects of a toxic level of DL-leucine on chick growth. The basal diets 

49 
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Table 22. Composition of Purified Diet Used in Experiment 1. 

Ingredient Percent of Diet 

Cerelose 73.24 

Casein 10.20 

Cellulose 6.17 

Corn Oil 3.06 

Vitamin Mix̂  2.04 

Mineral Mix"*" 2.04 

Dicalcium Phosphate 1.65 

Limestone 1.20 

Glycine .40 

1. Supplied the following per kg. of diet: Vitamin A, 9930 IU; 
Vitamin D, 500 ICU; Vitamin E, 5.5 U; Vitamin B̂ 2» 0.014 mg.; 
Vitamin K, 2.21 mg.; Riboflavin, 4.46 mg.; Niacin, 28.0 mg.; 
Pantothenic Acid, 11.26 mg.; Choline, 930 mg.; Ethoxyquin, 125 mg. 

2. Supplied the following per kg. of diet: Zinc, 19.64 mg.; 
Manganese, 2.65 mg.; Magnesium, 14.24 mg.; Sodium, 198.9 mg.; 
Potassium, 79.36 mg.; Iron, 73.85 mg.; Copper, 0.10 mg.; 
Protein, 8.5%; M.E., 3068 Cal./kg. 
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are listed in Table 23. Each of these was fed with and without 5% 

DL-leucine. In addition, another set of birds was given the casein diet 

supplemented with 0.4% L~arginlne to offset the lysine-arginine imbal

ance and the final group was given this arginine-supplemented diet with 

5% DL-leucine. Performance was measured as noted previously. After 

two weeks on experiment, two birds from each pen were sacrificed and 

their kidneys were removed and frozen with dry ice. After four weeks, 

blood samples were collected from two birds per pen. These same birds 

were sacrificed and the intestine and kidneys removed. Blood plasma was 

analyzed for urea and uric acid, the kidney for arglnase and the intes

tinal contents for arglnase and urease. 

Experiment 3; Arginine (0.2%), glycine (0.2%), or a combination 

of the two, were added to a practical diet (Table 24) to measure their 

influence on growth and nitrogen status of various tissues. Ammonium 

sulfate was added to one treatment in each group to measure its possible 

use as a source of NPN. At four weeks of age, three birds per pen were 

bled and the plasmas were saved for analysis of urea, uric acid and amino 

acids. The same birds were sacrificed and their kidneys and intestines 

were removed for analysis of kidney and Intestinal arglnase and intes

tinal urease. 

All data in the experiments were analyzed statistically by the 

methods noted in Chapter II. 

Results and Discussion 

Experiment 1: Influences of dietary arginine, urea and antibiotic 

on two and four-week growth patterns are presented in Table 25. The 
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Table 23. Composition of Diets Used In Experiment 2. 

Percent of Diet 
Ingredients ISP Diet Casein Diet 

Cerelose 69.42 69.42 

Fat 3.00 3.00 

Cellulose 3.00 3.00 

Dicalcium Phosphate 3.50 3.50 

Vitamin Mix"'" 4.00 4.00 

Mineral Mix̂  2.00 2.00 

Chromic Oxide .20 .20 

ISP Protein2 9.88 -

Casein - 9.88 

3 Test Ingredient 5.00 5.00 

Protein 8.10 8.08 

M.E., Cal/kg. 2881 2941 

1. See Table 22. 

2. Isolated Soy Protein, 82% Crude Protein, Archer, Daniels, Midland Co. 

3. Bentonlte or DL-leuclne, depending upon dietary treatment. 
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Table 24. Composition of Basal Diet Used in Experiment 3. 

Ingredients Percent of Diet 

Grain Sorghum 68.86 

Soybean Meal 13.40 

Alfalfa Meal 6.13 

Animal Fat 5.36 

Vitamin Mix"'" 2.55 

Dicalcium Phosphate 2.30 

Limestone .50 

Salt .50 

Trace Mineral Mix*- .20 

DL-methionine .20 

Protein 13.74 

M.D., Cal/kg. 3103 

1. See Table 1, Chapter 2. 
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Table 25. Performance of Chicks Fed a Casein Diet Supplemented with 
Combinations of Urea, Arginine and Antibiotics.^^ 

(Experiment 1) 

2 Week 4 Week 
Treatment Body Weight, gm. Body Weight, gm. 

Basal 51.0C 65 .4C 

Basal + Antibiotiĉ  48.7C 65 .9C 

Basal + Arginine 74.2b 108 .9b 

Basal + Arginine + Antibiotic 90.7a 137 .2a 

Basal + Urea 55.4C 68 .5C 

Basal + Urea + Antibiotic 53.2C 67 .4C 

Basal + Urea + Arginine 79.3b 104 .0b 

Basal + Urea + Arginine + Antibiotic 79.4b 107 .9b 

1. Average of three observations per treatment. 

2. Means not having common letter superscripts are significantly 
different at the .01 level* 

3. Neomycin/oxytetracycline, 440 ppm, Pfizer Co. 
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growth trends established at two weeks had not changed by the fourth 

week. Arginine addition at 0.3% caused significant increases in weight 

regardless of urea or antibiotic supplementation. This would be expected 

in view of the imbalance between lysine and arginine when casein is used 

AO 55 
as the sole source of protein. ' There was no effect of adding 

440 ppm antibiotic except to the basal + arginine group which had in 

increased weight gain. The addition of urea resulted in no significant 

weight difference compared with the non-urea groups. 

The effect of arginine on growth in broilers-has been studied by 

a number of researchers, particularly on casein diets. Prior to the 

discovery of the arginine:lysine interaction, work was carried out which 

showed marked improvement in performance when arginine was added to a 

26 
diet in which casein supplied all the protein. Almquist, Mecchi and 

Kratzer̂  and Wietlake et al.̂ 5 reported significant growth responses to 

the addition of arginine or creatine, a product of arginine metabolism. 

Savage and O'Dell,̂ * searching for the reason why arginine addition was 

required for a casein diet but not in a corn-soy type, found the require

ment for arginine on the casein diet to be 2.25%. Glycine reduced this 

to 2.1% and creatine lowered it to 1.85%. It is now known that lysine 

and arginine are antagonistiĉ  and that the high ratio of lysine to 

arginine in casein can be detrimental. A desirable ratio of arginine 

to lysine appears to be between 1:1 and 1.2:1. Most practical diets fall 

within this range. 

Table 26 outlines the effect of arginine, urea and antibiotic on 

plasma urea nitrogen and uric acid. In the non-medicated groups there 

was no change in plasma urea due to dietary arginine and/or urea* Adding 
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Table 26. The Effect of Urea, Arglnine and Antibiotic in a Casein Diet 
on Plasma Urea Nitrogen and Uric Acid in Broiler Chicks to 
Four Weeks. *̂ >2 

(Experiment 1) 

Plasma Urea Plasma Uric 
Treatment Nitrogen, mg/100 ml Acid, mg/100 ml 

Basal 1.97ab 7.10b 

Basal + Antibiotiĉ  1.04d 6.15b 

Basal + Arglnine 2.30a 8.12b 

Basal + Arglnine + Antibiotic 2.01ab 7.67b 

Basal + Urea 1.88ab 9.26b 

Basal + Urea + Antibiotic 1.37cd 17.04a 

Basal + Arginine + Urea 1.99ab 9.03b 

Basal + Arglnine + Urea + Antibiotic 1.74bc 17.35a 

1. Average of six observations per treatment. 

2. Means not having common letter superscripts are significantly 
different at the .05 level. 

3. Neomycln/oxytetracycline mixture. 
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antibiotic to the basal and basal + urea groups resulted In a decreased 

plasma urea level. When antibiotic was added to each of the dietary 

groups, there was a significant increase in urea N in the arginine and 

arginine + urea groups compared to the basal. Uric acid values in the 

plasma were not changed by any dietary treatments except when anti

biotic was added. In the urea and arginine + urea groups there were 

nearly threefold Increases in this metabolite. The reason for this 

significant increase is difficult to explain with reference to the 

plasma urea levels. It may be expected that an increase in plasma 

urea would occur following ingestion of the pure compound, provided it 

was not completely hydrolyzed in the intestine; once absorbed, however, 

it would either be excreted as such by the kidney or transferred back 

to the intestine. In either case, no further breakdown of urea would 

occur within the tissues since urease, the enzyme responsible for its 

hydrolysis to carbon dioxide and ammonia, is produced only by the 

13 52 Intestinal bacteria of animals and not by the animal cells. * There 

is no evidence to indicate that urea is converted to uric acid by some 

other pathway. It is possible that the increase in plasma uric acid 

was due to large amounts of ammonia being absorbed and detoxified 

through uric acid production, although examination of two enzymes 

responsible for possible ammonia production In the intestine showed 

them to be at low levels. 

The effects of dietary arginine, urea and antibiotic on intes

tinal arginase, urease and urea are outlined in Table 27. Arginase 

activity was decreased with the addition of the antibiotic mixture to 

each dietary treatment. Adding urea alone to the diet caused no 
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Table 27. Intestinal Urease, Urea Nitrogen and Arglnase Levels of 
Chicks Fed a Purified Diet Supplemented with Urea, 
Arginine and Antibiotics. 

(Experiment 1) 

Treatment 
Urease 

Units/gm DM 
Urea N 

mg/gm DM 
Arglnase 

Unlts/gm DM 

Basal 58.47̂  4.32b 140.3cd 

Basal + Antibiotic 38.32cd 3.86b 78. le 

Basal + Arginine 60.05b 5.07b 289.5a 

Basal + Arginine + Antibiotic 48.63bc 4.75b 168.2bc 

Basal + Urea 92.03a 13.16a 127.5cd 

Basal + Urea + Antibiotic 41.26cd ll.lla 58. le 

Basal + Arginine + Urea 79.15̂  9.81a 199.7b 

Basal + Arginine + Urea + Antibiotic 27.28d 10.07a 101.3de 

1. Average of six observations per treatment. 

2. Means not having common letter superscripts (read vertically) are 
significantly different at the .01 level. 
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significant arginase change compared to the control while arginine 

supplementation increased arginase activity both alone and in combina

tion with urea In the non-medicated groups. Adding antibiotic eliminated 

this increase from the combined dietary treatment. 

Urease activity in the small intestine was also diminished by 

the addition of 440 ppm of the antibiotic mixture. Urea supplementation 

to the non-medicated control brought about a significant increase in the 

enzyme, although all other comparable treatment means were not different. 

The combination of arglnine and urea returned the enzyme activity to 

basal diet levels. Intestinal urea was measured along with urease 

activity (Table 27). As was to be expected, there was an increase in 

intestinal urea with the addition of this compound to the diet. All 

other differences were non-significant. 

The effects of dietary urea, arginine and antibiotic on kidney 

arginase is presented in Table 28. Unlike the previous trials using 

practical diets, there was no apparent correlation between body weight 

and the activity of this enzyme. Arginine added to the diet signifi

cantly increased kidney arginase levels. The addition of dietary urea 

caused a significant depression compared to the basal and basal + 

arginine diets while the combination of urea and arginine appeared to be 

offsetting In their influence on arginase. There was a significant 

decrease in enzyme activity when antibiotic was added to each group 

except for the urea + arginine treatment where there was no difference. 

The Increase in arginase activity brought about by the addition of 

dietary arginine agrees with the work done on purified diets by O'Dell 

35 et al. These authors, however, also observed great variation in growth 
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Table 28. The Effect of Dietary Urea, Arginine and Antibiotic on 
1 2 Kidney Arginase in Broiler Chicks to Four Weeks. ' 

(Experiment 1) 

Diet 
Kidney Arginase - Unlts/giu Protein 

Diet W/0 Antibiotics W/ Antibiotics Mean 

Basal 35.5C 47.2b 41.4 

Basal + Arginine 44.9b 56.3a 50.6 

Basal + Urea 31.0d 35.3C 33.2 

Basal + Arginine + Urea 34.6cd 34.1cd 34.4 

Mean 36.5 43.2 39.9 

1. Average of six observations per treatment. 

2. Means with different superscripts are different at the .05 level 
of probability. 

3. One unit of arginase = the amount of enzyme required to hydrolyze 
on micramolz of arginine in one minute at 25° C. 
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rate In birds fed a diet low or marginal in arginine which was not seen 

in this experiment. This difference may be due to genetic dissimilari

ties. 

Experiment 2: DL-leucine was added to a semi-purified diet to 

determine what effect an amino acid toxicity would have on growth and 

feed efficiency of broiler chicks. Analysis of most practical diets 

shows that leucine is well in excess of the amount required. The effect 

of 5.0% additional dietary leucine on the performance of chicks fed the 

two semi-purified diets is shown in Table 29. At the end of four weeks, 

the addition of DL-Leucine had caused growth depression on the ISP and 

casein + arginine diet, but not on the unsupplemented casein diet. As 

was anticipated, the casein diet fed without added arginine resulted in 

the poorest weight gain of the experiment while adding arginine signif

icantly improved the growth response to this protein source. That 

there was no effect on weight gain of adding leucine to the casein diet 

may be due to an over-riding imbalance between arginine and lysine that 

is not present in the ISP or casein + arginine diets. The lysine: 

arginine ratio in the casein diet was 1:0.49 as compared to ratios of 

1:1.22 and 1:1.06 for the isolated soy protein and casein + arginine 

diets, respectively. These latter diets are both within the acceptable 

range for lysine and arginine according to values published by Nesheim, 
q I 

Austic and Wang. It is possible that the high DL-leucine supplementa

tion to these treatments caused an antagonism between this amino acid 

and two similarly structured ones, isoleucine and valine. Such an 

4 
antagonism has been reported by Benton et al., Featherstone, Bird and 
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Table 29. Growth Performance of Broiler Chicks Fed a Serai-Purified 

Diet Supplemented With Arginine and Leucine.'*" 

(Experiment 2) 

Treatment 
Body Weight, gm 

2 Weeks 4 Weeks 

4 Weeks 

P.E.R.2 

ISP Diet3 108.2C 249.2b 3.36a 

ISP + Leucine 75.6C 191.6C 1.55c 

Casein Diet 82.6C 186.lc 1.73c 

Casein + Leucine 70.8C 164.4C .94d 

Casein + Arginine 230.9a 355.2a 3.80a 

Casein + Arginine + Leucine 170.2b 257.8b 2.64b 

1. Means not having common letter superscripts (read vertically) are 
significantly different at the .01 level. 

2. P.E.R. « gm gain/gm protein consumed. 

3. Isolated soy protein, Archer Daniels Midland Co. 
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Harperhowever, were able to show utilization of excess L-leucine 

when fed in a purified diet to chicks. These authors fed only the in

dispensable amino acids and reported significant increases in plasma 

dispensable amino acids. 

The protein efficiency ratios of these dietary treatments fol

lowed a pattern similar to the weight gains. The inefficiency of the 

DL-leucine supplemented groups was highly significant regardless of 

other dietary treatments. 

The effects of dietary protein and DL-leucine on kidney arginase 

at two and four weeks are summarized in Table 30. There was a signifi

cant increase in enzyme activity with the addition of supplemental 

arginine to the casein diet at two weeks. All other differences were 

nonsignificant and there appeared to be no statistical correlation 

between body weight gain and kidney arginase values in this experiment. 

By four weeks, any differences in arginase activity between the 

arginine-supplemented and the unsupplemented casein diets had disappeared. 

The increase in activity at two weeks to supplemental arginine agrees 

with the results on the casein-based diet of Experiment 2 and the work 

35 
reported by O'Dell et al. 

Plasma urea nitrogen values were only slightly affected by 

dietary treatment, the only difference being between the isolated soy 

protein diet and the casein + arginine diet supplemented with DL-leucine 

(Table 31). Uric acid values were significantly increased by the addi

tion of leucine to each dietary group. Casein also Increased uric acid 

values as compared to the isolated soy protein and casein + arginine 

groups. From these results it would appear possible that urate 



Table 30. The Effect of Dietary Protein Source, Arginine and Leucine on Kidney Arginase 

Activity (Units/gm. Protein).1 

(Experiment 2) 

2 Week Kidney Arginase 4 Week Kidney Arginase 
Diet W/0 Leucine W/ Leucine Mean W/0 Leucine W/Leucine Mean 

ISP 50.0b 51.6b 50.8 60.5a 58.5a 59.5 

Casein 53.8b 53.8b 53.8 63.la 63. la 63.1 

Casein + Arginine 58.3ab 67.6a 62.9 62.2a 63.7a 63.0 

Mean 56.5 53.8 61.7 61.9 

1. Means not having common letter superscripts are significantly different at the .05 
level. 
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Table 31. The Effect of Dietary Protein, Leucine and Arginine on 
Plasma Urea Nitrogen and Uric Acid in Chicks to Four Weeks. 

(Experiment 2) 

Plasma Urea N, Plasma Uric Acid, 
Treatment rag./100 ml. mg./lOO ml. 

ISP2 6.43a 4.31de 

ISP + Leucine 5.98ab 6.18bc 

Casein 6.13ab 6.78b 

Casein + Leucine 6.12ab 7.83a 

Casein + Arginine 5.81ab 4.07e 

Casein + Arginine + Leucine 5.45b 5.94cd 

1. Means not having common letter superscripts are significantly 
different at the .05 level. 

2. Isolated Soy Protein. 
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metabolism is increased due either to excess amino nitrogen, an imbalance 

between arginine and lysine, or a combination of these factors. Eggum*̂  

observed that as the quality of protein fed to rats decreased, the levels 

27 of blood urea nitrogen increased. Kumtra and Harper fed rats diets 

imbalanced in the indispensable amino acids and found blood urea levels 

increased by these imbalances, but restorable to normal levels by 

eliminating the amino acid imbalance. Uric acid appeared to follow this 

general pattern, suggesting its potential as an indicator of protein 

value in poultry diets. 

Intestinal arginase values are presented in Table 32. the addi

tion of DL-leucine resulted in dramatic increases in the level of this 

enzyme in the intestine, something not observed in the kidney. The 

casein basal diet had the highest enzyme levels both with and without 

DL-leucine. There was no arginase response to added arginine In the 

intestine as there was in the kidney. Since little is known about the 

role or activity of arginase in the intestine, it is difficult to draw 

conclusions from the large differences- brought about by treatment 

changes. It would appear, however, that excess DL-leucine causes a 

change in arginine metabolism at the intestinal level and would be 

expected to decrease the amount of arginine available to the animal. 

These changes would appear to explain the associated growth patterns 

observed (Table 29). 

The activity of Intestinal urease in birds on this experiment 

is shown in Table 33. There were large increases in urease levels 

as a result of adding DL-leucine to the isolated soy protein and casein 

+ arginine diets, but not to the casein diet. There are indications 
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Table 32. The Influence of Dietary Nitrogen Source, Leucine and 

Arginine on Intestinal Arginase.1 

(Experiment 2) 

Diet 

o 
Intestinal Arginase, Unitŝ  /gm Dry Matter 

Diet W/0 Leucine W/Leucine Mean 

ISP3 81.7e 479.2b 280.4 

Casein 209.6C 603.3a 406.4 

Casein + Arginine 180.4d 265.8C 223.1 

Mean 157.2 449.4 

1. Means not having common letter superscripts are significantly 
different at the .01 level. 

2. One unit of arginase = the amount of enzyme needed to hydrolyze 
one micromole of arginase in one minute at 25° C. 

3. Isolated Soy Protein. 
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Table 33. Intestinal Urease Activity in Broilers Fed Semi-Purified 

Diets Supplemented With Arginine and Leucine.̂ * 

(Experiment 3) 

Intestinal Urease (Unitŝ /gm DM) 
Diet W/0 Leucine W/ Leucine Mean 

3 ISPJ 16 .84b 57 ..-6* 37. 15 

Casein 20 . 62b 26 .70b 23. 66 

Casein + Arginine 29 .81b 69 .63a 49. 72 

Mean 22 .42 51 .26 

1. Means not having common letter superscripts are significantly 
different at the .01 level. 

2. One unit of urease = the amount of enzyme needed to produce one mg 
of ammonia from urea in 5 minutes at pH 7.0 and 30° C. 

3. Isolated Soy Protein. 
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that an excess of this indispensable amino acid in the proportions fed 

stimulates the activity of intestinal microorganisms responsible for 

the production of these enzymes. 

Experiment 3; Four groups of chicks were fed practical diets 

varying in their content of arginine and/or glycine. In addition 

ammonium sulfate (AS) was added to determine its efficacy as a source of 

non-protein nitrogen. 

The performance data of these chicks, outlined in Table 34, 

indicated that AS was not well utilized as a source of NPN. There was 

a significant decrease in weight gain brought about by NPN supplementa

tion on each treatment. In the groups without NPN, the addition of 

either 0.2% arginine or 0.2% glycine did not increase weight gain over 

the basal group. The combination of these two indispensable amino acids 

however, did depress growth significantly. In the AS treated groups, none 

of the amino acid supplements was significantly different from the basal 

group, although the glycine-supplemented groups outgained both the 

arginine or arginine/glyclne groups. 

The protein efficiency ratios (PER) in Table 34 were calculated 

both with and without all sources of NPN in the equation. With NPN 

considered, there was no difference between any of the groups with 

respect to ammonium sulfate addition. Glycine, however, either alone 

or with arginine, caused significant depressions in PER. When all forms 

of NPN were removed from the calculations, there were no differences 

between any of the groups and the basal diet. These data Indicated that 

ammonium sulfate was not a good source of NPN in a practical diet and 
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Table 34. Performance of Chicks Fed a Practical Diet Supplemented 

With Combinations of Arginine and Glycine.̂ " 

(Experiment 3) 

4 Week P. E.R.2 
Diet NPN Body Weight, gm W/NPN W/0 NPN 

Basal (14-1/2% Protein) 447.2a 2.92a 2.92a 

Basal 2.0 395.8cd 2.83a 2.87a 

Basal + Arginine 455.6a 2.85a 2.89a 

Basal + Arginine 2.0 384.5d 2.83a 2.89a 

Basal + Glycine 452.2a 2.48b 2.84a 

Basal + Glycine 2.0 403.2bc 2.40b 2.77a 

Basal + Arginine + Glycine 413.8b 2.51b 2.89a 

Basal + Arginine + Glycine 2.0 387.2d 2.47b 2.88a 

1. Means not having common letter superscripts (read vertically) are 
significantly different at the .01 level. 

2. Protein Efficiency Ratio: gm of gain/gm of protein consumed. 

3. Ammonium sulfate. 
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that glycine, while improving the weight gain of broiler chicks, somehow 

lowered the protein efficiency of gain. 

Table 35 summarizes the effect of dietary NPN, arglnine and 

glycine on kidney arginase. Ammonium sulfate addition caused a signifi

cant increase in enzyme activity for each group. There was no difference 

between the amino acid supplemented groups and the basal group regard

less of ammonium sulfate treatment, although the arginine and arginine 

plus glycine groups had higher arginase values than the glycine treatment 

alone. The response to ammonium sulfate followed the pattern of the 

previous experiments where kidney arginase was higher in treatments with 

lower weight gains. It was also predictable that the enzyme activity of 

the arginine-supplemented groups would be higher, although this is not 

35 usually noted with practical diets. 

Plasma samples were analyzed for free amino acids (FAA) to deter

mine if there could be differences attributed to the NPN supplements. 

The pooled values for this work is presented in Table 36. With the 

exception of the basal treatment, there were significant decreases in 

total plasma amino acids when ammonium sulfate was added to the diet. 

The addition of 0.2% arginine or 0.2% glycine to the basal diet resulted 

in higher FAA values compared to the control, while the combination of 

these in the diet gave no Increase. When ammonium sulfate was added to 

the diet, the differences in FAA between these amino acid treatments 

disappeared. Separation of the total amino acids into dispensable and 

indispensable groups showed patterns similar to that of the total group. 

It would appear from these results that ammonium sulfate was not 
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Table 35. The Effect of Dietary Non-Protein Nitrogen, Arginine 
i 

and Glycine on Kidney Arginase Activity. 

(Experiment 3) 

Kidney Arginase, Unitŝ /gm Protein 
Diet W/0 AS3 W/ AS 

Basal 47.83cd 56.81ab 

Basal + Arginine 46.97cd 61.88a 

Basal + Glycine 41.23d 49.76bc 

Basal + Arginine + Glycine 51.80bc 59.35a 

Mean 46.96 56.95 

1. Means not having common letter superscripts are significantly 
different at the .05 level. 

2. One unit of arginase = the amount of enzyme needed to hydrolyze 
one micromole of arginine in one minute at 25° C. 

3. Ammonium sulfate. 
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Table 36. Plasma Free-Amino Acid Values of Chicks Fed a Practical 
Diet Supplemented With Ammonium Sulfate, Arglnine and 
Glycine Individually and in Combinations. 

(Experiment 3) 

Free Amino Acids, uM/100 ml 

Treatment (NH4)2So 4  Total EAA3 NEAA4 EAA/NEAA 

Basal 1786c 1139 647 1.76a 

Basal 2.0 1745cd 1151 594 1.52a 

Basal + Arglnine 204lab 1315 726 1.81a 

Basal + Arglnine 2.0 1709cd 1114 595 1.87a 

Basal + Glycine 2105a 1393 712 1.96a * 

Basal + Glycine 2.0 1651cd 1093 558 1.96a 

Basal + Arglnine + Glycine 1840bc 1210 630 1.92a 

Basal + Arglnine + Glycine 2.0 1534d 992 542 1.83a 

1. Average of two observations per treatment. 

2. Means not having common letter superscripts are significantly 
different at the .05 level. 

3. Indispensable amino acids. 

4. Dispensable amino acids. 
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incorporated to any extent into the dispensable amino acid pool and, in 

fact, had a depressing effect on the indispensable ones. 

Table 37 summarizes the effect on plasma urea nitrogen and uric 

acid of dietary arginine, glycine and ammonium sulfate. Urea nitrogen 

was high in each treatment, an observation noted in several previous 

experiments and due probably to sampling technique. The differences 

between treatments were not statistically significant except for the 

glycine treatment with ammonium sulfate which was higher than the 

arginine + glycine treatments. 

Plasma uric acid levels were depressed by the addition of 0.2% 

arginine both with and without ammonium sulfate. When 0.2% glycine was 

added uric acid increased significantly over the basal diet when no. 

ammonium sulfate was added, but was not different from the control in 

the presence of dietary NPN. The combination of added arginine and 

glycine gave similar results to glycine alone. Ammonium sulfate caused 

significantly elevated uric acid levels when added to the basal and 

arginine plus glycine diets but only slight increases in the diets 

supplemented singly with arginine or glycine. The synthesis of uric acid 

in avian species is related to detoxification of nitrogenous waste mate

rials and 1b dependent In part on the supply of glycine. From Table 37, 

It is apparent that added dietary glycine does stimulate the production 

of uric acid and, in the groups where NPN was added, improved weight 

gain was achieved as compared to similar groups without supplemental 

glycine. 
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Table 37. The Effect of Dietary Non-Protein Nitrogen, Arginine and 
Glycine on Plasma Urea Nitrogen and Uric Acid.̂  

(Experiment 3) 

Treatment <NH4)2 So4 
Plasma Values, 
Urea Nitrogen 

mg/100 ml 
Uric Acid 

Basal 9.72bc 4.96cd 

Basal 2.0 10.69abc 6.32b 

Basal + Arginine 10.99abc 3.03e 

Basal + Arginine 2.0 11.04abc 4.03de 

Basal + Glycine 11.13ab 7.18b 

Basal + Glycine 2.0 11.79a 7.31ab 

Basal + Arginine + Glycine 10.13abc 6.00bc 

Basal + Arginine + Glycine 2.0 9.35c 8.17a 

1. Means not having common letter superscripts are significantly 
different at the .01 level. 
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Summary 

Three trials utilizing supplemental free amino acids and KPN 

sources to practical and purified diets were run on broiler chicks. 

Growth and feed efficiency were measured on live birds and various 

parameters of nitrogen utilization were recorded on tissue samples. 

The addition of arginine to a casein diet resulted in significant 

improvement in weight gain compared to controls. When added to a prac

tical-type diet, however, this indispensable amino acid did not improve 

growth performance over controls. Glycine was also ineffective in 

stimulating growth when added to a practical-type diet and the combination 

of arginine plus glycine significantly lowered growth performance. Excess 

DL-leucine depressed growth markedly when added to a purified diet designed 

to meet the minimum requirement of this amino acid. Adding DL-leucine to 

a casein diet imbalanced in arginine and lysine did not depress growth. 

However, when arginine was added to correct the Imbalance, excessive 

leucine significantly lowered growth rate. 

There was no effect on growth of chicks fed urea as compared to 

unsupplemented controls. Intestinal urea and urease were significantly 

increased by dietary urea, as was plasma uric acid but not plasma urea 

nitrogen. In another experiment, added ammonium sulfate as a source of 

dietary NPN decreased growth rate. Total plasma amino acids were also 

decreased, while plasma uric acid and kidney arginase were significantly 

increased. 

Plasma urea nitrogen was not a good Indicator of nitrogen status 

in these experiments due to high variability in levels within treatments. 
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Uric acid, however, appeared to have an inverse relationship to growth 

as did kidney arginase. 

Intestinal urea, urease and arginase were measured in attempts 

to relate their levels to live performance. Both urea and urease were 

increased by dietary urea while arginase was stimulated by adding 

arginine. The activity of the intestinal enzymes was depressed by high 

dietary antibiotic levels. There was no indication of any correlation 

between intestinal urea or arginase and their respective plasma or 

kidney counterparts. 
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