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R varies ! Carboxy]
with the

amino acid

a amino group

Common to all amino acids (exception:

e e b 0

hydroxyproline)




Table 17—1 Nonessential and essential
amino acids for humans and the albino rat

Nonessential Essential
Alanine Arginine™
Asparagine Histidine
Aspartate Isoleucine
Cysteine Leucine
Glutamate Lysine
Glutamine Methionine
Glycine Phenylalanine
Proline Threonine
Serine Tryptophan
Tyrosine Valine

* Essential in young, growing animals but not in adults.
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amino acid nonprotein
Carbon chain nitrogen

nitrogen
precursor ¢f Eﬂff’fg
derived from

metabolism of: dietary nitrogen
Carbohydrate 'ﬁwh
rat '

i E‘ nonessential aminog acid
Nonessential AA metabolism synthesized in vivo
Essential AA

energy from
carbohydrate,
protein or

fat metabolism




AMINO

e A 5 4l slada) (15 S) i L Condensation ) L s

ool hansds 1 20 250 42 S ) sem sy 3 Peptidl by S, disn
_JJ\J pAS t_uu; U‘“"S‘J Lra 9

H 0 R 0 R 0
| o | 4 | /
FORMATION R-C-C + H-C . C + H-C - C
, = N 3
Animal :
Supplies
7 ATP
R H 0 R 0 R 0 R0
- i | | 'y |
ERMINAL ¢ oM = C = C - NH =C = C-NH-C=C EDERUANE AL
| | J | \ ACID
NH 3" H y Y 9" TERMINAL

A short protein (peptide)




L 9 g1 alia

L;k%;3*9‘)3 L:;\)‘:ﬁi‘i Lj;“)\.l gIJunggl:: R QA ga LJ;\Jb\fn&. A N
Sl G glaie calisg slalde ja jlasa ) 4 i‘)fi\ Sl

9 Protein % Protein Quantity of Feed
¢ Dry As Is Per Unit Required to Consume
Matter Basis  Dry Matter 1 1b. of Protein "Dry Base"
Corn Grain 86.5 8.6 9.9 10,1
Alfalfa Hay 91 17.1 19.4 5.2
.Corn Silage 30.0 2.3 1.7 13.0
Soybean Meal 90.0 44.0 48,9 2.0

Casein 90.0 81.8 90.0 1.1
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B o CORN

CORN GLUTEN ALFALFA SOYBEAN COTTONSEED WHEAT FISH

GRAIN MEAL HAY MEAL MEAL GRAIN MEAL
% Protein )
Dry Base 10.0 47.0 19.0 57.0 44 .0 16.0 66.6
AA Composition as a
% of Protein *
Phenylalanine 4.5 (.45) 6.0 (2.9) B2 8) 3.9 (2.2) 5.3 (2.3) 4.4 (.70) 4.1 (2.7
Valine 4.0 (.36) 5.0 (2.2) 5.0 (.9) 4.2 (2.4) 4.7 (2.1) 3.8 (.60) 5.4 (3.6)
Trytophan 1.0 (.09) AT E) PR ) 1.9 {.6) 1.5 (.65) 1.1 % .38} .9 (.6)
Threonine 4.0 (.36} 3.0 (1.4) 4.0 (.8) 3.0 (1.-7) 3:4 (1.5) 2.6 {(.42) 4.4 (2.9)
Isoleucine 4.5 (.45) 4.9 (2.3) 3.7 (..7F) 4.4 (2.5) 3.6 (1.6) 4.4 (.70) 6.2 (4.1)
Methionine 1.0 (.09) 2.1 (1.0) 1.0 {.2) 1.0°¢ -6) 1.5 (.65) 130 <20) 2.7 (1.8)
Histidine 2.0 (.18) 2.1 €3 .0) 2.1 {5%) 1.9-£1.1) 25 (15 1) 1.9 (.30) 2.4 (1.6)
Arginine 4.5 (.45) 3.0 £1.4) 3.7 (.1) 5.6 (3.2) 9.8 (4.3) 4.4 (.70) 6.0 (4.0)
Lysine 2.0 (.18) Y7 o 428) 8.2 (.8) 5.1 (2.9) 3.9 (1.7) 2.8 (.45) 7.5 (5.0)
Leucine 10.0 (.99) 16.2 (7.6) 6.8 (1.3) 6.0 (3.4) 5.7 {(2.5) 5.6 (.9) 7.5 (5.0)
Nonessential 62.5 55.6 63.2 63.9 58.1 67.7 52.4
Quantity of Protein Required for Growing Pig to Consume
1 gram Lysine 50 58 23 19 25 35 12
Quantity of Feed Required (g) for Growing Pig to Consume
1 gram Lysine 555 125 128 34 58 222 18
*Numbers in parentheses are amino acid concentrations as a % of the feedstuff (DM basis).

Numbers not in parentheses represent amino acid concentrations as a ¥ of the feed (DM basis).
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Amino Acids Considered to be Essential

Growing Growing Growing Growing Growing
Poultry Swine Equine Beef Cattle Lamb
Phenylalanine Phenylalanine Phenylalanine
Essential Valine Valine Valine ? ?
Amino Acids Trytophan Trytophan Trytophan
Threonine Threonine Threonine Rormall
Isoleucine Isoleucine Isoleucine ”"id Y d
AA not Methionine Methionine Methionine gonze i;:
synthesized Histidine Histidine Histidine nge e
in vivo Arginine Arginine Arginine swiha
Lysine Lysine Lysine 2
Leucine Leucine Leucine
Partial Tyrosine Tyrosine & ? ?
systhesis Cystine Cystine
in vivo Hydroxylysine
Glycine or

Serine
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Growing 4 week old Broiler

A " (Leu)
6--—
. y e
Amino Acid
Requirement

% of Dietary 4 +
Protein)

Body Amino Acids ( % of Tissue)
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Fecal Nitrogen

L 20% Crude Protein
Diet

109 Crude Protein
Diet

Feces N

(g/day)

Protein Free Diet

| (Cell sluffing,
' endogenous fecal
ettt loss; note that

this is related
to feed dry matter
DM Intake (g/day) intake)




Urine N
(9/day)

e
-
e

-

Urinargﬁﬂi@rqgen (on N Free Diet)

-

f / 20% Cruide Protien Diet
' Protein Free Diet (Proportional to
: BW3/%, endogenous urinary loss)

| 1 i L |

Animal Weight
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Arginine
Histidine
Isoleucine
Leucine

Lysine

Methionine

Cystine

Phenylalanine

Threonine

Tryptophan

Valine

Cystine will

Essential amino acids contributed
comparison to the requirement for

Complimentary Effect Demonstration
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replace 40% of the methionine requirement

B  amino acid requirement
T amino acid supplied by corn
Y732 amino acid

supplied by soybean meal

by corn and

soybean meal in
the growing

pig (weaning to 75 1b.).
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Tri peptides
Proteins = — Peptides 4 D1 Peptides
(Long AA) (<10 M) ™ Amino Acids



Ou e Jee o lan ja e ciladad o jlai) GalS m
M;#&QM&Q\MJJJM\ Ao
e (S b e m




pAza ) U—“—’jﬁ e.uaA AJAJA
(Usk L Proventriculus «o8xiS ) a8 5 Abomasium)

D2 2 se pH el Gy 5 S ) IS dil =l i m
3247 J5/6

Denaturation Wi 55,0 iy o Uil m

sl 3l g5 Gely 100 € 0 6N S K sl m
A oa oy Ll )3 4l

Olss G2 ) Lo gy sl jadgyam oSl Hlase m
53 )




PP P

lative State Denatured State
‘nzyme Resistant Susceptible to Enzyme Hydrolysi:
'Low digestibility) (Higher digestibility)
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L Ll sl « exopeptidase < Carbxypeptidase A =
Ol ) Gely) 2 ) 1 e g g JanS) o S 05 K (gleil )l

(A hydrolase that releases C-terminal amino acids, with the exception of C-terminal arginyl, lysyl, and prolyl residues.
A zinc-containing exopeptidase).

(risaa cexopeptidase <L Carboxypeptidase B =
AiSaa 3 L g g JanS g2 S 05 8 iyl ) 1) Laaga) siudl

(hydrolase that releases C-terminal lysyl or arginyl residues preferentially
A zinc-containing exopeptidase.) =
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VNIII. In vivo amino acid metabolism

Ideally we would 1ike to incorporate all absorbed
dietary amino acids intc animal proteins as it 1is
- quite costly to Teed 1ivestock protein. However,
B A many factors must work in concert to transform
dietary amino acids into animal protein. Currently
much research is going on around the world to find

ways of increasing amino acid utilization of do-
mestic animals.

Ration Balance

Body -l Env;ronmentaT'T’“f
- Size actors
Sex ,_""‘"-: '-\“ Ration k//

* “Intake ¥ ——— Learned Behavior

Genetic Code
. i etite

Ration Intake

Environmental (temperature,
disease, animal interactions)
- Specie-of Factors Influence Genetic
Animal- Code Expres=ien

Ratdion t -
Digestibility

Metabolizable
Hu@ri&nt
Intake

Genetics

Maintenance
" Enerqgy

DMA program for fat synthesis
+ all energy not used for
maintenance or protein
synthesis

-

Protein synthesis reguires
all essential nutrients +
active genetic program

FAT

PROTEIN SYNTHESIS
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Histamin , purine, pyrimidin, cornitiene =
Niacin, serotonin, thyroid hormones, =

choline, epinephrine
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Carbon Skeleton . enzymé
from CHO Metabolism + NH4T — a Amino Acid

Nonessentail amino acids synthesized by amination
fnclude glutamic acid, glutamine and asparagine

Example:

O Q _0 Enzyme , O_ L S0
£ — CHs — CHa -~ C = C + NHag* — C -CHz - CHz - C - C
HO ~OH HO ™ H ~ OH
Ketoglutarate Glutamic Acid



2. Transamination 1s the transfer of amino group
from amino acid (essential )

; |, nonessential) to 2
a_keto acid

o

o
o
o

I i i n 1

i ! c -0 ;IEE C - 07 C - 07
1 + | | : / . 1 - |

H - C - NHsp o E=R) o L= C - NHgq
l | 1

Amino Acid a Ketoacid a Ketoacid Amino Acid

Transamination_occurs mainly in liver and only to 2 sma 1
extent in muscle.

Amino acids synthesized via transamination include:

. alanine (glutamic, pyruvate);
.aspartic (glutamate, oxaloacetate);

<serine (3-phosphoglycerate, glutamate)
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3. Dehydration:

NH., Ho0 '
0. n _0 H, —— THZ
-:C - CHy - CHZ - C - C —/?[— > c‘ 2
HO ~OH o . oG-
. 1 ==l
o AN BN c=20
S G g e

\
e h
.’ -.‘j.L"-

OH

4. All but two amino acids may be synthesized by amination,
transamination and dehydration reactions (note that
ecsential amino acids are requirec as precursors for
tyrosine and cystine synthesis).

H 0 H

| /4 : 1 .0
@ - C - C -thdrpxyﬁat_:_iun‘, HO —@— cC - C\.

| b e | 0~

HH3 D- H.H3

©)

Phenylalanine Tyrosine




H Homoserine
i 0 | 0
CHy - 3 - CHy - CHy = L = + rjh - HS - CHo = C - ¢’
R / : 0
Serine
Cysteine

Methionine
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Tyros Tine

Phenylalanine

65g

359

Methionine

389

20g
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!lver Urea Cyc!e
Amino Acid

1 ﬁ UT‘E&
\eraminatiun

> HH{' ——= Urine

\ Recycled to
gastrointes-

tinal tract

“V

Amino Acid
Carbon Skeleton

|

ATl may | Some may
be con- be used

A1l may be used

A1l can form
as a source of

acetyl CoA

energy verted to form (some exculsively
to fat | glucose Ketogenic)
HL, (Glucogenic AA)
v
ENERGY FAT  GLUCOSE

ACETYL COA
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ABSOREBED
INT

ROTEIN THAT ESCAPE
EACTERIAL EREARDOYN

DIEESTED

EACTERIAL

ipakis FROTEIM

FROTEIN

MNFM

ExCRETED

IN LR IMNE
iZzRUDE FROTEIN RUMERNM INTESTINE FECES

N FATIC




INTERMEDIARY METABOLISM OF CARBOHYDRATE, PROTEIN AND FAT

Glucogenic

Ketogenic
Amino Acids Carbohydrate Amino Acids
= &

Methionine

Glucose «— Glycogen Glycerol
Leucine
Cysteine R\\\\ Isoleucine
=

Phenylalanin Butyrate (VFA)
Cystine Glycerol
Valine

Tyrosine
Threonine

Serine COZ NH2‘<1’ 4{’//;? Acetate (VFA)

Alanine J f&\\\ﬁA

Acetoacetate
Acetone

g-Hydroxy

Butyrate

Oxaloacetate

Citrate
vgﬂ F}E‘* [Aspartate] 5@
Malate Aconitate
T %
Fumarate Isocitrate
Krebs j?
Cycle
Succ1nate Oxalo-Succinate
/ x  reto L/\\} C02
Propionate Glutarate
(VFA)

> NH,
F\\EA Proline \
OH-Prol ine
[ Glutamate| €— | Arginine l

Histadine




ADIPOSE TISSUE

MUSCLE ALMOST ALL TISSUES TRIGLYCERIDES
/N
+ ENERGY
PROTEIN GLYEPGEN CO> + Hp0 E e E oy
’r 4 T PO, ACIDS
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TRIGLYCERIDES
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Major Metabolic Pathways of an Animal
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in Positive Energy Balance
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Major Metabolic Pathways of an Animal in Negative Energy Balance
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Urea Utilizations by Microorganisms

1,—*_5> Urine
NHg*— Urea
Liver
/I
Microbial

Urease 3
NH, - € - NH2 P———— 2N + (COp orH -C-H

\ Energy
Microbial ///’F——i (
Enzymes ///"

Cofactors
(Minerals)

Ruminal Urea

b. Other sources of NPN

- Microorganisms
Nitrite e -
ey o

Any plant nonprotein //’/////

nitrogen compound
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Rumen f

Dietary MCO
Protein blood
Liver
MCO NHg* = Urea
I} /
Amino MCO
Acids > NHg* + Carbon Chain (energy)
Energy

Rumen
bypassed Microbial
protein Enzymes

SV Cofactors
Dietary protein Microbial Amino Acids

passed to
ruminant intestines
which will hopefully microorganisms
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R varies ! Carboxy]
with the

amino acid

a amino group

Common to all amino acids (exception:

e e b 0

hydroxyproline)




Table 17—1 Nonessential and essential
amino acids for humans and the albino rat

Nonessential

Alanine
Asparagine
Aspartate
Cysteine
Glutamate
Glutamine
Glycine
Proline
Serine
Tyrosine

Essential

Arginine™
Histidine
Isoleucine
Leucine
Lysine
Methionine
Phenylalanine
Threonine
Tryptophan
Valine

* Essential in young, growing animals but not in adults.
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amino acid nonprotein
Carbon chain nitrogen

nitrogen
precursor ¢f Eﬂff’fg
derived from

metabolism of: dietary nitrogen
Carbohydrate 'ﬁwh
rat '

i E‘ nonessential aminog acid
Nonessential AA metabolism synthesized in vivo
Essential AA

energy from
carbohydrate,
protein or

fat metabolism
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9 Protein % Protein Quantity of Feed
¢ Dry As Is Per Unit Required to Consume
Matter Basis  Dry Matter 1 1b. of Protein "Dry Base"
Corn Grain 86.5 8.6 9.9 10,1
Alfalfa Hay 91 17.1 19.4 5.2
.Corn Silage 30.0 2.3 1.7 13.0
Soybean Meal 90.0 44.0 48,9 2.0

Casein 90.0 81.8 90.0 1.1



4\_14.@] csla vl cah.q

0 .

B o CORN

CORN GLUTEN ALFALFA SOYBEAN COTTONSEED WHEAT FISH

GRAIN MEAL HAY MEAL MEAL GRAIN MEAL
% Protein )
Dry Base 10.0 47.0 19.0 57.0 44 .0 16.0 66.6
AA Composition as a
% of Protein *
Phenylalanine 4.5 (.45) 6.0 (2.9) B2 8) 3.9 (2.2) 5.3 (2.3) 4.4 (.70) 4.1 (2.7
Valine 4.0 (.36) 5.0 (2.2) 5.0 (.9) 4.2 (2.4) 4.7 (2.1) 3.8 (.60) 5.4 (3.6)
Trytophan 1.0 (.09) AT E) PR ) 1.9 {.6) 1.5 (.65) 1.1 % .38} .9 (.6)
Threonine 4.0 (.36} 3.0 (1.4) 4.0 (.8) 3.0 (1.-7) 3:4 (1.5) 2.6 {(.42) 4.4 (2.9)
Isoleucine 4.5 (.45) 4.9 (2.3) 3.7 (..7F) 4.4 (2.5) 3.6 (1.6) 4.4 (.70) 6.2 (4.1)
Methionine 1.0 (.09) 2.1 (1.0) 1.0 {.2) 1.0°¢ -6) 1.5 (.65) 130 <20) 2.7 (1.8)
Histidine 2.0 (.18) 2.1 €3 .0) 2.1 {5%) 1.9-£1.1) 25 (15 1) 1.9 (.30) 2.4 (1.6)
Arginine 4.5 (.45) 3.0 £1.4) 3.7 (.1) 5.6 (3.2) 9.8 (4.3) 4.4 (.70) 6.0 (4.0)
Lysine 2.0 (.18) Y7 o 428) 8.2 (.8) 5.1 (2.9) 3.9 (1.7) 2.8 (.45) 7.5 (5.0)
Leucine 10.0 (.99) 16.2 (7.6) 6.8 (1.3) 6.0 (3.4) 5.7 {(2.5) 5.6 (.9) 7.5 (5.0)
Nonessential 62.5 55.6 63.2 63.9 58.1 67.7 52.4
Quantity of Protein Required for Growing Pig to Consume
1 gram Lysine 50 58 23 19 25 35 12
Quantity of Feed Required (g) for Growing Pig to Consume
1 gram Lysine 555 125 128 34 58 222 18
*Numbers in parentheses are amino acid concentrations as a % of the feedstuff (DM basis).

Numbers not in parentheses represent amino acid concentrations as a ¥ of the feed (DM basis).




Amino Acids Considered to be Essential

Growing Growing Growing Growing Growing
Poultry Swine Equine Beef Cattle Lamb
Phenylalanine Phenylalanine Phenylalanine
Essential Valine Valine Valine ? ?
Amino Acids Trytophan Trytophan Trytophan
Threonine Threonine Threonine Rormall
Isoleucine Isoleucine Isoleucine ”"id Y d
AA not Methionine Methionine Methionine gonze i;:
synthesized Histidine Histidine Histidine nge e
in vivo Arginine Arginine Arginine swiha
Lysine Lysine Lysine 2
Leucine Leucine Leucine
Partial Tyrosine Tyrosine & ? ?
systhesis Cystine Cystine
in vivo Hydroxylysine
Glycine or

Serine



Growing 4 week old Broiler

A " (Leu)
6--—
. y e
Amino Acid
Requirement

% of Dietary 4 +
Protein)

Body Amino Acids ( % of Tissue)



Fecal Nitrogen

L 20% Crude Protein
Diet

109 Crude Protein
Diet

Feces N

(g/day)

Protein Free Diet

| (Cell sluffing,
' endogenous fecal
ettt loss; note that

this is related
to feed dry matter
DM Intake (g/day) intake)




Urine N
(9/day)

e
-
e

-

Urinargﬁﬂi@rqgen (on N Free Diet)

-

f / 20% Cruide Protien Diet
' Protein Free Diet (Proportional to
: BW3/%, endogenous urinary loss)

| 1 i L |

Animal Weight



VNIII. In vivo amino acid metabolism

Ideally we would 1ike to incorporate all absorbed
dietary amino acids intc animal proteins as it 1is
- quite costly to Teed 1ivestock protein. However,
B A many factors must work in concert to transform
dietary amino acids into animal protein. Currently
much research is going on around the world to find

ways of increasing amino acid utilization of do-
mestic animals.

Ration Balance

Body -l Env;ronmentaT'T’“f
- Size actors
Sex ,_""‘"-: '-\“ Ration k//

* “Intake ¥ ——— Learned Behavior

Genetic Code
. i etite

Ration Intake

Environmental (temperature,
disease, animal interactions)
- Specie-of Factors Influence Genetic
Animal- Code Expres=ien

Ratdion t -
Digestibility

Metabolizable
Hu@ri&nt
Intake

Genetics

Maintenance
" Enerqgy

DMA program for fat synthesis
+ all energy not used for
maintenance or protein
synthesis

-

Protein synthesis reguires
all essential nutrients +
active genetic program

FAT

PROTEIN SYNTHESIS
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Carbon Skeleton . enzymé
from CHO Metabolism + NHg"

— a Amino Acid

—

Nonessentail aminc acids synthesized by amination
Tnclude glutamic acid, glutamine and asparagine

Example:

O. O -0 Enzyme , O_ e .0
€ - CHs - CHs - C - C + NHag* > C - CHz - CHz - C - C
HO ~OH HO™ M ~ OH

Ketoglutarate Glutamic Acid



2. Transamination 1s the transfer of amino group
from amino acid (essential )

; |, nonessential) to 2
a_keto acid

o

o
o
o

I i i n 1

i ! c -0 ;IEE C - 07 C - 07
1 + | | : / . 1 - |

H - C - NHsp o E=R) o L= C - NHgq
l | 1

Amino Acid a Ketoacid a Ketoacid Amino Acid

Transamination_occurs mainly in liver and only to 2 sma 1
extent in muscle.

Amino acids synthesized via transamination include:

. alanine (glutamic, pyruvate);
.aspartic (glutamate, oxaloacetate);

<serine (3-phosphoglycerate, glutamate)
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3. Dehydration:

NH., Ho0 '
0. n _0 H, —— THZ
-:C - CHy - CHZ - C - C —/?[— > c‘ 2
HO ~OH o . oG-
. 1 ==l
o AN BN c=20
S G g e

\
e h
.’ -.‘j.L"-

OH

4. All but two amino acids may be synthesized by amination,
transamination and dehydration reactions (note that
ecsential amino acids are requirec as precursors for
tyrosine and cystine synthesis).

H 0 H

| /4 : 1 .0
@ - C - C -thdrpxyﬁat_:_iun‘, HO —@— cC - C\.

| b e | 0~

HH3 D- H.H3

©)

Phenylalanine Tyrosine




H Homoserine
i 0 | 0
CHy - 3 - CHy - CHy = L = + rjh - HS - CHo = C - ¢’
R / : 0
Serine
Cysteine

Methionine




Arginine
Histidine
Isoleucine
Leucine

Lysine

Methionine

Cystine

Phenylalanine

Threonine

Tryptophan

Valine

Cystine will

Essential amino acids contributed
comparison to the requirement for

Complimentary Effect Demonstration
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T 7777 b
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replace 40% of the methionine requirement

B  amino acid requirement
T amino acid supplied by corn
Y732 amino acid

supplied by soybean meal

by corn and

soybean meal in
the growing

pig (weaning to 75 1b.).



!lver Urea Cyc!e
Amino Acid

1 ﬁ UT‘E&
\eraminatiun

> HH{' ——= Urine

\ Recycled to
gastrointes-

tinal tract

“V

Amino Acid
Carbon Skeleton

|

ATl may | Some may
be con- be used

A1l may be used

A1l can form
as a source of

acetyl CoA

energy verted to form (some exculsively
to fat | glucose Ketogenic)
HL, (Glucogenic AA)
v
ENERGY FAT  GLUCOSE

ACETYL COA
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INTERMEDIARY METABOLISM OF CARBOHYDRATE, PROTEIN AND FAT

Glucogenic

Ketogenic
Amino Acids Carbohydrate Amino Acids
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