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CHAPTER I 

INTRODUCTION 

Corn and sorghum are the principal dietary energy sources used 

in commercial pork production in the United States. Because.these 

and other cereal grains are deficient in certain of the dietary essen

tial amino acids as well as total protein, the producer must include 

costly supplemental proteins in the ration in order to maximize pig 

performance. Knowledge of the total available amino acids in the 

various cereal grains is important so that rations may be formulated 

which more accurately reflect the needs of the animal and minimize the 

use of costly protein supplements. 

The classical investigations of Osborne and Mendel (1914) have 

shown that the nutritional quality of a protein is dependent upon its 

content of essential amino acids. Mitchell and Hamilton (1929) were 

able to show that all of the amino acids present in an intact protein 

may not be available to the animal. 

Accurate determination of amino acid availability is one of the 

more difficult problems confronting the monogastric nutritionist. 

Several assays have been developed to predict the availability of amino 

acids in food products and animal feedstuffs (carcass analysis, Grau, 

1947; enzymatic digestion, Evans and Butts, 1948; chemical methods. 

Carpenter and El linger, 1955; plasma amino acids levels. Pick and 

Meade, 1968; the fecal index m.ethod, Kuiken and Lyman, 1948; and 

microbial growth. Ford, 1962). Because of the complexity of biological 
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systems, conflicting results have been reported from laboratory to 

laboratory, even when the same methods were used. 

The objectives of this study were to determine the availabilities 

of the essential amino acids lysine, threonine and tryptophan in sorghum 

to the weanling pig and to develop a technique which would be applicable 

for the determination of the amino acid availabilities of other high 

carbohydrate-feed sources. 



CHAPTER II 

LITERATURE REVIEW 

The nutritional quality of a protein is dependent upon its con

tent of essential amino acids. It has been recognized that the avail

ability of these essential amino acids to the animal is also important. 

Several techniques have been utilized to predict amino acid availabi

lity. However, to date, there is no agreement between workers on a 

standard chemical or biological method for the estimation of amino acid 

availability. 

Carcass Analysis 

Several^workers have used carcass retention of amino acids to pre

dict amino acid availability. In 1947, C. R. Grau studied the relation

ship of tyrosine and phenylalanine by this method. Chicks were slaugh

tered after being fed a test diet for 12 days. Estimated initial body 

composition was compared with carcass composition to derive an index 

of amino acid retention. Other workers (Price et̂  aj_., 1953; Hepburn 

et_ aj_., 1966; and Bragg et_ al_., 1967) estimated the availability of the 

ten essential amino acids from various dietary protein sources by mea

suring retention in carcasses. 

Microbial Growth 

The availabiltiy of methionine, leucine, isoleucine, arginine, his-

tidine, tryptophan and valine in 12 whole-meat samples was determined by 

Ford (1962) using growth of a proteolytic bacteria (Streptococcus symo-

genes NCDO 592). Microbial growth response estimated from the optical 

density of the culture after a 48 hour incubation reflected availability 
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In 1964, Horn and Warren used microbial growth (Leuconostoc mesenteriodes 

P-60) to estimate the available amino acids in hydrolysates of lactal-

bumin, oatmeal and peanut butter. 

Chemical Determinations 

Chemical methods have been used with some success in evaluating ani

mal protein sources and "high-protein" plant materials. Carpenter and 

Ellinger (1955) used the reaction of l-fluro-2, 4-dinitrobenzene (FDNB) 

with the free epsilon amino group of lysine to estimate lysine avail

ability of 15 animal products. Boctor and Harper (1968) found the 

FDNB assay of limited value when using heat treated proteins. The FDNB 

method was modified by Roach et̂  aj_-» (1967) by determining lysine remain

ing after dinitrophenylation and hydrolysis for more successful use with 

plant materials. Lysine availability and true digestibility values 

from leaf protein concentrates were correlated closely by Allison et al. 

(1973) using this method. Availability of the basic amino acids in 

soybean meal was estimated by Moran et̂  aj_. (1963) using the dye "orange 

G". The dye binding capacity was closely related to the chick growth. 

Chemical methods have not yet been reported which are successful with high 

carbohydrate feed sources. 

Enzymatic Digestion 

In vitro digestion with pepsin as described by Mauron et̂  al_. (1955) 

was used by Sheffner et_ al_. (1956) to develop a pepsin-digest-residue 

index of amino acid utilization. Akeson and Stahmann (1964) modified 

the procedure by following pepsin with pancreatin. The availability of 

amino acids from casein, peanut meal and wheat gluten was measured by 



Bailur (1968) using this method. Briley (1973) using semi-purified 

enzymes to simulate the pig's digestive system in in vitro digestion of 

sorghum indicated the possible use of this procedure determining amino 

acid availability. 

Plasma 

Changes in plasma amino acid concentrations after consumption of 

test food materials have been used to estimate amino acid availabilities, 

Wheeler and Morgan (1958) used plasma amino acid levels to determine the 

effect of heat treatment of dietary pork on the availability of 15 amino 

acids. Guggenheim ej^ aX- (I960) confirmed that blood concentrations re

flected the digestive release and absorption of amino acids from intact 

protein. Other workers (Puchal et̂  al^., 1962; Kelly, 1967, and Pick and 

Meade, 1968) used plasma levels as parameters to measure availability. 

Fisher (1967) citing the work of Agar et_ aj_. (1954), Newel and 

Smyth (1959) and Wiggins and Johnston (1959) suggested that peptide 

absorption may be a major form in which the products of protein diges

tion are absorbed. Therefore, the use of plasma free amino acid concen

trations as parameters for estimating availability may be questionable. 

Fecal and Ileal Index Methods 

Amino acid availability has been estimated by numerous workers by 

the fecal index method. Using the classical "balance sheet" method of 

Mitchell (1924), Kuiken and Lyman (1948) used fecal residues from rats 

to determine the available amino acids in several food products. Other 

workers using the fecal index method have been Kuiken (1952), de 

Meulenaere and Feldman (1960), Bragg e^ al- (1969), Ivy et_ aĵ . (1971) 

and Flipot et al. (1971). More recently ileal digesta from sacrificed 
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or modified animals has been used to estimate amino acid availability. 

Soares and Kifer in 1971 compared the amino acid content of the ileum 

of slaughtered chicks to dietary intake. Easter (1972) used ileocecal 

cannulation in growing-finishing pigs to obtain ileal digesta samples 

for the same comparisons. 

Growth Assay 

Weight gain of protein depleted rats was used by Schweigert and 

Guthneck (1953) to study the quantitative utilization of amino acids 

from test foods and by Bailur (1968) to determine the availability of 

threonine from peanut meal. Gupta e]t a^. (1958) used the growth of 

weanling rats as an index of available lysine in milk products, rice, 

wheat and corn. The standard curve procedure was described by de Mue-

lenaere et̂  al̂ . (1967). A reference diet with added levels of the amino 

acid in question was used to establish a standard growth curve. Animal 

data was then substituted into the equations describing the standard 

curve giving percent availability when compared to dietary content of 

the particular amino acid. Netke and Scott (1970) used chick weight 

gains to determine the availability of lysine in soybean meal. A crystal

line amino acid diet, deficient in lysine but otherwise nutritionally 

adequate, was fed. A multiple regression technique (slope-ratio) was used 

to estimate availability. This method has also been used by Graber and 

Baker (1971), Allen e^ al- (1972), Sasse and Baker (1973) and Sasse and 

Baker (1974). Using reference diets containing wheat gluten with graded 

levels of lysine to establish the reference standard, Klein et̂  aĵ . (1972) 

used the slope-ratio technique to estimate the availability of lysine 

in corn. 



Amino Acid Availability Estimates for Cereal Grains 

Considerable research has been reported concerning estimation of 

amino acid availability and protein quality of the protein concentrate 

feeds. However, information concerning the availability of amino acids 

from the cereal grains is relatively lacking. Kuiken and Lyman (1948) 

using the fecal index method with rats reported values of 92.8% for ly

sine and 92.2% for threonine from wheat. Gupta (1958) reported a 50% 

lysine availability from corn. Using the fecal index method de Muelenaere 

and Feldman (1960) gave estimates of 89.0% and 88.0% for lysine and 

threonine from corn. Bragg e^ al. (1969) using surgically modified 

chicks reported availabilities of 87.9% for lysine and 86.1% for threo

nine from sorghum. Stephenson et̂  al- (1971) using the method of Bragg 

et al. (1969) to study the amino acid availability of 24 sorghums re

ported lysine availabilities ranging from 58.3 to 92.5% and threonine 

availabilities from 46.8 to 91.8%. Klein et al. (1972) comparing two 

opaque-2 corns to normal corn reported lysine availabilities ranging from 

67 to 92%. Eggum (1973) reported amino acid availabilities for several 

cereal grains. Lysine and threonine values for sorghum were 71.5 and 

82.7%, respectively. It is important to note that tryptophan availa

bilities were not reported in any of the previous studies. 



CHAPTER III 

, AVAILABILITY OF TRYPTOPHAN, LYSINE AND 

THREONINE IN SORGHUM FOR SWINE 

Summary 

Growth assays were conducted using 236 individually fed crossbred 

weanling pigs to study the availability of the amino acids tryptophan, 

lysine and threonine in sorghum (RS-671). For each amino acid studied, 

five diets were formulated using sorghum and/or casein at varying levels 

as the only sources of the particular amino acid in question. The 

amino acid in question was supplied at 70% of the NRC requirement for the 

10 kg pig in all deits, with the other essential amino acids supplemented 

to 110% of NRC. Cornstarch, fat, fiber, vitamins and minerals were 

also added. Diets were formulated to be isonitrogenous and isocaloric. 

Two additional diets with lower test amino acid levels were formulated 

for the lysine and threonine studies to more accurately define the stan

dard growth curve. Pig gains and amino acid intake was measured for all 

diets and regression analysis was used to predict pig gain per gram of 

amino acid consumed. Pig gains were generally reduced as sorghum was 

increased in the diets and feed to gain ratios increased. Availability 

estimates were: tryptophan, 92.56±.43%; lysine, 62.66±.58% and threonine, 

88.9±.14%. (Keywords: Sorghum, Amino acid. Availability, Tryptophan, 

Lysine, Threonine.) 

Introduction 

Sorghum is the principal dietary energy source used in swine feeds 
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in the Southwest. Although sorghum and the other cereal grains are 

basically energy sources they do supply 40 to 50% of the protein in 

growing-finishing diets. However, sorghum is deficient in several of 

the essential amino acids, as only 20 to 25% of the lysine, 40 to 45% 

of the threonine and 35 to 40% of the tryptophan in the diet comes from 

sorghum (NRC, 1970). Since lysine and threonine are considered the first 

two limiting amino acids in sorghum diets, it is important that the avail

ability of these amino acids be determined. 

Several assays have been used to predict the availability of amino 

acids in food products and animal feedstuffs. Carcass analysis (Grau, 

1947), enzymatic digestion (Evans and Butts, 1948), chemical reactions 

(Carpenter and Ellinger, 1955), plasma amino acid levels (Pick and 

Meade, 1968), the fecal index method (Kuiken and Lyman, 1948) and 

microbial growth (Ford, 1962) have all been used to predict amino acid 

availability. 

However, to date, there is little agreement between workers on a stan

dard chemical or biological method for the estimation of amino acid avail

ability. 

The objectives of this study were to determine the availability of 

tryptophan, lysine and threonine in sorghum (Sorghum bicolor, L-moench, 

cultivar RS-671)and to develop a technique which would be applicable for 

the determination of the amino acid availabilities of other high carbohy

drate feed sources. 
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Experimental Procedure 

The amino acid composition of the sorghum and casein used (table 1) 

was determined by gas-liquid chromotography (Kaiser, 1974). Proximate 

analyses (A.O.A.C, 1970) and gross energy levels (Parr Instrument Co., 

1960) of the sorghum, casein and cornstarch used are shown in table 2. 

Three growth assay experiments were conducted utilizing a total of 

236 individually fed crossbred pigs randomly alloted to treatment based 

on weight, sex, and ancestry. In all studies each pig was placed in 

a 0.6 X 0.9 m pen, with flattened expanded metal floors (1.91 cm slots), 

on the second day postweaning. After a seven day adjustment period, the 

pigs were weighed and the experiments initiated. Feed and water were 

supplied ad̂  libitum. 

The compositions of the various diets are shown in tables 3, 4 and 

5 for the tryptophan, lysine and threonine studies, respectively. Casein 

was used as the basal amino acid source in each diet. 

While each diet was formulated to be inadequate in the amino acid 

under study all other essential amino acids were supplemented to 110% of 

the National Research Council's (NRC) published requirement for the 10kg 

pig (N.R.C., 1973). This was done to insure against the possibility of 

another amino acid limiting pig performance. Glutamic acid was added to 

provide additional nonspecific amino nitrogen and to maintain the diets 

at an isonitrogenous level. A wood cellulose product was used to maintain 

the fiber content of all diets at a level of 2%, corn oil was added to 

bring all diets up to a constant 3% fat content and sodium bicarbonate 

was added to all diets at 10% of the level of synthetic amino acids as 



TABLE 1. AMINO ACID CONTENT OF 

SORGHUM (RS-671) AND CASEIN^^ 

n 

Amino Acid, % Sorghum Casein 

Alanine 

Valine 

Glycine 

Isoleucine 

Leucine 

Proline 

Threonine 

Serine 

Methionine 

Phenylalanine 

Aspartic Acid 

Glutamic Acid 

Tyrosine 

Lysine 

Histidine 

Arginine 

Cystine/2 

Tryptophan 

0.95 

0.54 

0.26 

0.44 

1.38 

0.80 

0.29 

0.36 

0.12 

0.53 

0.67 

2.01 

0.32 

0.21 

0.21 

0.30 

0.04 

0.08 

2.66 

6.43 

1.64 

5.13 

8.64 

10.01 

3.54 

4.23 

2.57 

4.71 

6.25 

19.56 

5.32 

7.25 

3.02 

3.14 

0.13 

1.05 

^As fed basis, means of duplicate analyses, 
based on molecular weight of residue weight. 

^ Analytical Biochemistry Laboratories, Inc. 
Columbia, Mo. 
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TABLE 2. PROXIMATE ANALYSES AND GROSS 

ENERGY OF SORGHUM, CASEIN, 

AND CORN STARCH^ 

I tern 

Dry Matter, % 

Crude Protein, %^ 

Ash, %c 

Ether Extract, %^ 

Gross Energy, kcal/kg^ 

Sorghum 

86.44b 

11.53 

2.00 

1.75 

4401 

Casein 

90.63 

92.02 

2.06 

0.69 

5617 

Co rn Starch 

89.22 

0.46 

0.00 

0.60 

4157 

^Means of duplicate or triplicate analyses 

bprior to the threonine study dry matter was 
redetermined and 88.56% dry matter was used in for
mulating the threonine test diets 

^Dry matter basis 
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TABLE 3. COMPOSITION OF DIETS, 

TRYPTOPHAN STUDY 

Ingredient 

Vitamin-mineral premix^ 

Sorghum 

Casein 

Added amino acids 

Wood cellulose 

Corn oil 

Sodium bicarbonate 

Glutamic acid 

Cornstarch 

1 

4.30 
• • • 

10.00 

0.80 

2.00 

2.54 

0.70 

6.20 

73.46 

2 

4.30 

22.50 

8.34 

0.87 

1.55 

2.25 

0.58 

4.91 

54.70 

% in Diet 

3 

4.30 

43.75 

6.68 

0.94 

1.13 

1.98 

0.47 

3.80 

36.95 

4 

4.30 

66.25 

5.02 

1.01 

0.68 

1.71 

0.32 

2.52 

18.19 

5 

4.30 

88.00 

3.35 

1.08 

0.24 

1.44 

0.24 

1.35 
• • • 

^Contributed the following per kg of complete diet: 
copper, 6 mg; iodine, 0.2 mg; iron, 80 mg; magnesium, 400 mg; 
manganese, 20 mg; selenium, 0.1 mg; zinc, 50 mg; potassium, 
3 g; calcium, 6.85 g; phosphorus, 4.45 g; NaCl, 5 g; thiamine-
HCl, 9 mg; niacin, 70 mg; riboflavin, 18 mg; calcium panto
thenate, 70 mg; vitamin B12, 0.055 mg; pyridoxine HCl, 9 mg; 
biotin, 0.37 mg; vitamin A, 9,000 lU; vitamin D, 1500 lU; 
vitamin K, 9 mg; choline chloride, 3 g; tocopherol acetate, 
36 mg; chlortetracycline 1 g; sulamethazine, 1 g; and 
penicillin, 0.5 g; 

'^RS-671 
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TABLE 4. COMPOSITION OF DIETS, 

LYSINE STUDY 

Ingredient 

Vitamin-mineral premi 

Sorghum" 

Casein 

Added amino acids 

Wood cellulose 

Corn oil 

Sodium bicarbonate 

Glutamic acid 

Corn starch 

^See Table 3 

bRS-671 

1 

x^ 4.30 
• • « 

7.63 

1.22 

2.00 

2.56 

1.09 

9.68 

71.52 

2 

4.30 
• • • 

6.42 

1.62 

2.00 

2.56 

1.31 

11.49 

70.30 

% 

3 

4.30 
• • • 

5.20 

2.12 

2.00 

2.56 

1.48 

12.71 

69.63 

of Diet 

4 

4.30 

21,46 

7.03 

0.91 

1.56 

2.27 

0.87 

7.74 

53.86 

5 

4.30 

42.93 

6.42 

0.73 

1.13 

2.00 

0.65 

5.78 

36.06 

6 

4.30 

64.39 

5.81 

0.59 

0.71 

1.83 

0.41 

3.48 

18.48 

7 

4.30 

85.85 

5.20 

0.49 

0.28 

1.46 

0.16 

1.13 

1.13 
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TABLE 5. COMPOSITION OF DIETS, 

THREONINE STUDY 

Ingredient 

Vitamin-mineral premi 

Sorghum'^ 

Casein 

Added amino acids 

Wood cellulose 

Corn oil 

Sodium bicarbonate 

Glutamic acid 

Corn starch 

1 

ix̂  4.30 

• • • 

10.10 

0.62 

2.00 

2.56 

0.62 

5.59 

74.21 

2 

4:30 

• • • 

6.47 

1.67 

2.00 

2.56 

1.07 

9.06 

72.87 

3 

4.30 

• • • 

2.83 

3.36 

2.00 

2.56 

1.50 

11.67 

71.98 

% of D 

4 

4.30 

22.00 

8.90 

0.71 

1.56 

2.26 

0.50 

4.25 

55.52 

iet 

5 

4.30 

44.00 

6.47 

0.80 

1.12 

2.08 

0.37 

2.93 

37.93 

6 

4.30 

66.00 

4.65 

0.90 

0.68 

1.71 

0.25 

1.62 

19.89 

7 

4.30 

88.00 

2.83 

0.99 

0.24 

1.42 

0.13 

0.32 

1.77 

^See Table 3 

t>RS-671 
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a buffer. The vitamin-mineral premix contained the required vitamins 

and trace minerals, salt, ground limestone, defluorinated phosphate and 

ASP-250 (per kg product, chlortetracycline, 44 g; sulfamethazine, 44 g; 

penicillin, 22 g). 

Availability of Tryptophan. For the tryptophan study five diets 

(table 3) were formulated to contain 0.105% total tryptophan and fed to 

45 pigs (9 pigs/treatment) for 14 days. Tryptophan was supplied by casein 

alone (diet 1) and sorghum - casein mixtures in diets 2, 3, 4 and 5 with 

sorghum supplying 0, 17.14, 33.33, 50.48 and 66.67% of the total trypto

phan, respectively, for diets 1, 2, 3, 4 and 5. 

Availability of Lysine. For the lysine study two additional diets 

were formulated using only casein as a lysine source. Ninty-two cross

bred pigs were fed for an average of 21 days. Dietary composition is 

shown in table 4. Diets 1, 2 and 3 contained lysine only from casein at 

.553, .465 and .377% lysine in the diet. The diets supplies 70, 58.86 and 

47.72% of the NRC requirement for lysine. Diets 4, 5, 6 and 7 contained 

.553% lysine supplied by both sorghum and casein. Casein supplied 92.04, 

84.09, 76.13 and 68.17% of the total lysine in diets 4, 5, 6 and 7, res

pectively. 

Availability of Threonine. Seven diets were formulated using sorghum 

and/or casein as the only sources of threonine (table 5). Ninety-six 

crossbred pigs were fed for 20 days. The threonine supplied in diets 

1, 2 and 3 came only from casein and made up .357, .229 and .100% of 

the total diet (70, 44.9 and 19.61% of the NRC requirement). Diets 

4, 5, 6 and 7 contained threonine from both sorghum and casein with 
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casein supplying 83.02, 64.15, 45.94 and 28.01% of the total threonine, 

respectively. 

Blood urea nitrogen (BUN) levels were also measured during the threo

nine study. Pigs were fasted for 12 hours, allowed access to the experi

mental diets for 4 hours, and then blood was collected by puncture of the 

anterior vena cava. BUN was determined according to Bohoun et̂  al- (1968). 

The procedure is based on the Fearon condensation of urea with diacetyl-

monoxime in an acid medium. Antypyrine (Phenazone) functions as a sensi

tizing agent and iron (III) catalyzes the reaction. 

In all experiments the bulk densities of all diets were measured 

(Bell, 1960) and protein-calorie ratios (crude protein, %/gross energy, 

kcal/g) were calculated. 

All data were analyzed using the least squares maximum likelihood 

method (Harvey, 1975) and a protected Fisher's test was used to test 

for treatment differences. Simple regressions (Steel and Torrie, 1960) 

were used to make availability estimates. 

Results and Discussion 

Availability of Tryptophan. Performance data of pigs fed the trypto

phan assay diets are shown in table 6. Pigs fed the diet containing ap

proximately 50% tryptophan from sorghum (diet 4) gained slower (P<.05) 

than pigs fed diets containing less tryptophan from sorghum. The decline 

in average daily gain is linear (P<.05) for pigs fed diets 1 through 4 

with gain decreasing as percent sorghum in the diet was increased. How

ever, the pigs fed diet 5 (66.67% sorghum tryptophan) gained faster 



TABLE 6. PIG PERFORMANCE ON TRYPTOPHAN 

GROWTH ASSAY DIETS 

18 

Item 

No. of animals 

Avg initial weight, kg 

Avg final weight, kg 

Avg daily gain, g 

Avg daily feed 
consumption, g 

Feed to gain 

1 

9 

13.46 

18.67 
372ab 

835^^ . 

2.24 

Di( 

2 

9 

13.71 

18.80 

364^^ 

837^^ 

2.30 

2tary treatment 

3 

9 

13.51 

18.52 

358^^^ 

785ab 

2.19 

4 

9 

12.85 

17.36 

322^ 

750^ 

2.33 

5 

9 

12.95 

18.70 

411^ 

937^ 

2.28 

Avg daily tryptophan 
comsumption, g .877 .879 .824 .788 .984 

9»bMeans on the same line with different 
superscripts differ significantly (P<.05). 
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(P<.05) than pigs fed diet 4. Average daily gains of all pigs reflected 

feed intake and no real differences were observed in feed efficiency among 

pigs fed the various diets. 

Bulk density (appendix table G) of the diets increased linearly 

(P<.05) as sorghum increased in the diet. However, no differences in 

pig performance could be attributed to differences in bulk density of the 

diet. The protein-calorie ratios (table 7) were all within an acceptable 

range and indicate that energy level of the diets was not a limiting 

factor during the experiment. 

Regression analysis of pig gains and tryptophan consumptions (9 pigs 

fed diet 1) was used to predict gain per gram of casein tryptophan con

sumed giving an estimate of the standard growth curve for tryptophan. 

The test amino acids were considered to be 100% available from casein. 

Other studies have shown complete or near complete availability of vari

ous amino acids from casein. Estimates of 99% available lysine and 97% 

available threonine in casein was reported by Flipot et_ al. (1971). 

Eggum (1973) reported availabilities of 99.7 and 98.6% for lysine and 

threonine, respectively, using the pig as the assay animal. When the 

rat was used, availability estimates for both amino acids exceeded lOÔ o. 

Linear regression estimates of gain per gram of total tryptophan consumed 

from diets 2, 3, 4 and 5 were also calculated (all prediction equations 

are shown in table 8). 

To calculate availability, the following procedure was developed. 

Step 1, an assumed daily dietary consumption of tryptophan was selected 

(.875 g/day which is similar to the tryptophan intake of pigs fed diet 1). 



TABLE 7. CRUDE PROTEIN, GROSS ENERGY, 

PROTEIN-CALORIE RATIOS AND PERCENT 

TRYPTOPHAN IN DIETS, 

TRYPTOPHAN STUDY 

20 

Item 

Crude 

Gross 

Prote 

protein, %̂  

energy, kcal/kg^ 

in-calorie ratio^ 

Tryptophan, %̂  

Total 
from ( 

tryptophan 
:asein, %̂  

1 

14. 

! 

61 

4226 

3. 

0. 

100. 

46 

105 

00 

2 

14.50 

4147 

3.50 

0.105 

82.86 

Diet 

3 

14.33 

4052 

3.54 

0.105 

66.67 

4 

14.64 

4319 

3.39 

0.105 

49.52 

5 

14.75 

4096 

3.60 

0.105 

33.33 

^Dry matter basis 

^Crude protein/gross energy, kcal/g 

^As fed basis 



TABLE 8. LINEAR REGRESSION ESTIMATES, 

GAIN VS. TOTAL TRYPTOPHAN CONSUMPTION 

21 

Diet Regression equation* 
Correlation 
Coefficient 

(r) 

1 

2 

3 

4 

5 

Y = .31882X + .09303 

Y = .26867X + .12751 

Y = .49894X + (-.05294) 

Y = .26753X + .11152 

Y = .43976X + (-.02242) 

0.78 

0.52 

0.85 

0.76 

0.80 

av -Y = kg gain X = total tryptophan consumed 
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Step 2, gain for that consumption on each diet was calculated using the 

prediction equations from table 8. Predicted gains were 372, 363, 384, 

346 and 385 g/day for diets 1, 2, 3, 4 and 5 respectively. Step 3, 

these predicted gains were then regressed on percent casein tryptophan 

in the diet minus 1 (Gaskins, 1975). This forced the regression line 

through the point of gain predicted by the standard growth curve at the 

level of .875 g tryptophan consumption per day. This resulted in the 

use of the negative percent sorghum tryptophan in the diet in the equa

tion rather than the percent casein tryptophan in the diet. The resul

tant prediction equation then was: kg gain = .372 + .0206 (- % sorghum 

tryptophan in the diet). Step 4, availability was calculated by the 

formula: 

5 - ^ X 100 = % Availability 

where: A equals gain expected from a specific amount of casein trypto

phan (any point on the standard growth curve), B equals the gain pre

dicted at the corresponding point on the line predicted from gain regressed 

on percent casein tryptophan in the diet and C equals the gain from to

tal tryptophan if sorghum tryptophan was equal to casein tryptophan in 

availability. Tryptophan availability from sorghum was calculated for 

each diet containing sorghum (diets 2, 3, 4 and 5) and using a total 

tryptophan consumption of .875 g/day, tryptophan was estimated to be 

92.56±.43% available from sorghum (RS-671). 

Information is lacking concerning the availability of tryptophan 

from cereal grains. Kuiken and Lyman (1948) reported 93.2% available 

tryptophan in wheat which is consistent with 92.56±.43% reported here. 
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Tryptophan availabilities have been reported for other protein sources 

(Kuiken and Lyman, 1948; Kuiken, 1952, and Gupta and Elvehjem, 1958). 

These studies generally concerned "high protein" products and reported 

availabilities of tryptophan of 90 to 100% from the various products. 

Although direct comparisons are difficult to make between cottonseed 

meal, roast beef, peanut flour and sorghum, the availabilities reported 

in the literature seem to support the estimate of tryptophan availability 

reported here. 

Availability of Lysine. Performance data from pigs used in the 

lysine availability study are shown in table 9. The pigs fed diets 1, 

2 and 3 performed as would be expected considering the lysine levels in 

the rations. Rate of gain declined and the feed to gain ratio increased 

as the level of lysine in the diet decreased. Pigs receiving diets 2 

and 3 gained less (P<.05) than those fed diet 1. This reduction in gain 

due to reduced lysine content of the diet has been reported by many 

workers, among them Almquist (1947), Pfander and Tribble (1953), McWard 

elal. (1959) and Baker el al- (1966). 

The pigs fed diets 1, 2 and 3 were used to establish a standard 

growth curve based on gain due to lysine from casein. By feeding the 

three suboptimal levels of lysine, a linear plot of gain yŝ . lysine from 

casein was derived (equation 1, table 10). Linear regression equations 

for gain due to total lysine consumed from the mixed sources of casein 

and sorghum (diets 4, 5, 6 and 7) are also shown in table 10. 

Average daily gains of pigs fed diets 1, 4, 5, 6 and 7 decreased 

linearly (P<.05) as the level of sorghum was increased in the diet. 
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TABLE 9. PIG PERFORMANCE ON LYSINE 

GROWTH ASSAY DIETS 

Item 

\ 

No. of pigs 

Avg initial 
weight, kg 

Avg final weight, 
kg 

Avg daily gain, g 

Avg daily feed 
consumption, g 

Feed to gain 

Avg daily lysine 
consumption, g 

1 

13 

8.78 

14.11 

253b 

591 b 

2.37b 

3.27 

2 

4 

8.28 

10.83 

134c 

483^ 

3.60^ 

2.25 

3 

4 

8.62 

10.83 

117c 

491^ 

4.21^ 

1.85 

Diet 

4 

18 

8.29 

13.08 

222bd 

573^ 

2.66^ 

3.17 

5 

173 

8.78 

13.25 

207^ 

549^0 

2.75^^ 

3.04 

6 

18 

8.74 

13.34 

214^ 

604b 

2.87^^ 

3.34 

7 

18 

8.74 

12.59 

191^ 

565bc 

3.02^ 

3.12 

^One pig removed for reasons not related to treatment 

b,c,d,e,f[^eaps on the same line with different superscripts 
differ significantly (P<.05). 



TABLE 10. LINEAR REGRESSION ESTIMATES 

GAIN VS. TOTAL LYSINE CONSUMPTION 

^Y = kg gain X = total lysine consumed 
^Based on pigs fed diets 1, 2 and 3 

25 

Correlation 
Diet Regression equation^ Coefficient 

(r) 

lb Y = .08067X + (-.01473) 0.84 

4 Y = .08171X + (-.02655) 0.83 

5 Y = .09030X + (-.06129) 0.92 

6 Y = .06938X + (-.00015) 0.89 

7 Y = .08036X + (-.04446) 0.85 
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Feed to gain ratios increased linearly (P<.05) as the percent of sorghum 

in the diet increased. These data indicate a decreased availability of 

lysine from sorghum as compared to casein for gain and feed efficiency. 

The bulk densities (appendix table G) of lysine diets increased 

linearly (P<.05) as sorghum was increased in the diet. Again no differ

ences in pig performance could be attributed to differences in bulk den

sity. 

Protein-calorie ratios (table 11) were essentially the same for all 

diets and no differences were noted in pig performance due to energy-

protein relationships. 

When the data are fitted into the availability estimation procedure 

described earlier, using 3.2 g per day total lysine intake, the equation 

kg gain = .244 + .0962 (- % sorghum lysine present), is predicted. 

The availability of lysine in sorghum (RS-671) was predicted to be 

62.66±.58%. 

The results of this assay indicate that the availability of lysine 

in sorghum may be somewhat lower than previously reported in the liter

ature. Bragg el al. (1969) reported a lysine availability of 88.9% 

for sorghum using analysis of the digesta from surgically modified 

chicks and 86.1% using fecal analysis from normal chicks. Easter (1972) 

using ileocecal cannulation of finishing swine reported a lysine availa

bility of 69% based on analysis of the ileal digesta. Eggum (1973) using 

a fecal index method reported the lysine availability of sorghum to be 

71.5% with pigs and 72.7% in rat assays. 



TABLE 11. CRUDE PROTEIN, GROSS ENERGY 

PROTEIN-CALORIE RATIOS AND PERCENT 

LYSINE IN DIETS, LYSINE STUDY 

"DTeT 
Item 

1 

^Dry matter basis 

bcrude protein/gross energy, kcal/g 

CAs fed basis 

27 

Crude protein, %̂  13.96 13.85 13.80 13.87 14.01 14.22 14.52 

Gross energy, 
kcal/kga 4088 3950 4102 4151 4197 4272 4328 

Protein-calorie 
ratiob 3.41 3.51 3.36 3.34 3.34 3.33 3.35 
Lysine, %̂  0.553 0.465 0.377 0.553 0.553 0.553 0.553 

Total lysine from 
casein, %c 100.00 100.00 100.00 92.04 84.09 76.13 68.17 
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In the present study, the assay evaluated growth as a function of 

lysine consumtion to give an estimate of availability whereas the experi

ments noted above have relied on analytical procedures for the determina

tion of the content of lysine in the feces or ileal-digesta. Then avail

ability was calculated by difference. When availability is calculated 

by difference it is likely that this reflects only absorption, and absorp

tion may not necessarily indicate utilization or availability for growth. 

The lysine present may not necessarily be absorbed as the free amino acid 

(Fisher, 1967). Lysine could possibly be absorbed in a dipeptide or in 

a bound form. This would tend to give higher than actual availability 

estimates. The growth assay method described here seems to give a 

measure of the utilization of lysine rather than just the level of lysine 

absorbed by the animal. The work of Stephenson el al- (1971), indicates 

considerable difference in lysine availability from sorghum to sorghum. 

Twenty-four sorghums were studied and the lysine availabilities ranged 

from 58.3 to 92.5%. 

Availability of Threonine. The results of the threonine study are 

shown in table 12. As in the lysine study, diets 1, 2 and 3 were fed 

to establish a standard growth curve (gain to threonine consumption). 

Gains were reduced as the threonine content of the diet was reduced. 

Equation 1, table 13, predicts gain per gram of casein threonine con

sumed. Feed to gain was increased (P<.05) for diet 2 as compared to 

diet 1 and no feed efficiency was calculated for pigs fed diet 3 be

cause of negative gains. 
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TABLE 12. PIG PERFORMANCE ON THREONINE 

GROWTH ASSAY DIETS 

Diet 
Item 

No. of pigs 8 8 8 18 18 18 17^ 

Avg initial weight, 
kg 8.44 8.41 8.44 7.53 7.51 7.54 7.41 

Avg final we\ght, 
kg 12.91 9.67 8.13 12.12 11.15 11.32 10.95 
Avg daily gain, g 225^ 64^ -14^ 232^ 183^ 189^ 178^ 

Avg daily feed K r K K K K 
consumption, g 589^ 396^ 311^ 556^ 526^ 528^ 542^ 
Feed to gain 2.83^ 6.93^ ••• 2.74^ 3.08^ 3.00^ 3.34^ 

Avg daily threo
nine consumption, 
g 2.10 0.91 0.31 2.11 1.88 1.89 1.93 

^One pig removed for reasons not related to treatment 

b,c,d,ei«|eans on the same line with different superscripts 
differ significantly (P<.05). 



TABLE 13. LINEAR REGRESSION ESTIMATES, GAIN 

VS. TOTAL THREONINE CONSUMPTION 

30 

Diet Regression equation^ 
Correlation 
Coefficient 

(r) 

4 

5 

6 

7 

Y = .13571X + (-.05920) 

Y = .17477X + (-.13655) 

Y = .12273X + (-.04724) 

Y = .11928X + (-.03592) 

Y = .11874X + (-.05201) 

^Y = kg gain X = Total threonine consumed 

^Based on pigs fed diets 1, 2 and 3 

0.97 

0.89 

0.87 

0.90 

0.82 
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The response to diets 1,4, 5, 6 and 7 was as expected with average 

daily gain decreasing (P<.05) linearly and feed to gain increasing 

linearly (P<.05) as sorghum was increased in the diet. Threonine consump

tion was greated on diet 4 as compared to diet 1 as a result of an in

creased level of threonine (.379% as compared to .357%) in the diet due 

to a mixing error. The increase in gain and improvement in feed effi

ciency in diet 4 is most likely due to the increased threonine percentage 

in the diet. Bulk densities (appendix table G) and protein-calorie ratios 

(table 14) followed the same pattern as previously discussed for the 

tryptophan and lysine studies and neither had an effect on pig perfor

mance. 

Gain and threonine consumption data were fitted into the procedure 

described earlier giving the resultant equation, kg gain = .212 + .0304 

(- % sorghum threonine in the diet). When a constant consumption of 

2.00 g per day of threonine was entered into the equations, an availa

bility of 88.90±.14% was calculated for threonine from sorghum (RS-671). 

The results of the threonine growth assay are in relative agreement 

with the estimate of Bragg el al. (1969) who determined a threonine avail

ability of 86.1% from-sorghum. Kuiken and Lyman (1948) reported 92.2% 

available threonine in wheat and de Muelenaere and Feldman (1960) reported 

88% available threonine in corn. However, Easter (1972) and Eggum (1973) 

both reported lower availabilities for threonine from sorghum, 60.61% 

and 82.7%, respectively. Easter reported that threonine was lower 

(P<.05) in availability than all the other essential amino acids in sor

ghum. This figure (60.61%) is quite low compared to either the 82.7% 



TABLE 14. CRUDE PROTEIN, GROSS ENERGY, 

PROTEIN-CALORIE RATIOS AND PERCENT 

THREONINE, THREONINE STUDY 

Diet 
Item 

6 

^Dry matter basis 

bcrude protein/gross energy kcal/g 

^As fed basis 

32 

Crude protein, 
%a 14.94 14.29 14.81 14.42 14.29 14.26 14.25 
Gross energy, 
kcal/kg^ 4085 3996 3905 4174 4114 4245 4116 

Protein-calorie 
ratiob 3.66 3.58 3.79 3.45 3.47 3.36 3.46 
Threonine, %c 0.357 0.229 0.100 0.379 0.357 0.357 0.357 

Total threonine 
from casein, % 100.00 100.00 100.00 83.02 64.15 45.94 28.01 
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reported by Eggum or the figure of 88.9±.14% reported here. However, 

Stephenson el al. (1971) studied the amino acid availability of 24 sor

ghums and reported availabilities ranging from 46.8 to 91.8%. This 

indicates that the different hybrids used may account for the differences 

noted in threonine availability from study to study. 

Blood urea nitrogen (BUN) levels are shown in table 15. The BUN 

of diets 1, 2 and 3 increased linearly (P<.05) as percent threonine was 

reduced in the diet. This is consistent with the conclusions of Eggum 

(1973) that BUN was correlated significantly with the biological value 

of the diet. However, the BUN levels of diets 4, 5, 6 and 7 decreased 

linearly (P<.05) as sorghum was increased in the diets. This is not in 

agreement with the results of the growth assay or the BUN levels of the 

casein only diets which suggested that the BUN level should have increased 

as sorghum increased. Glutamic acid was in the highest percent in diet 3 

and lowest in diet 7 with diets 2, 1, 4, 5 and 6 having reduced levels 

of glutamic acid, respectively. This order, 3, 2, 1, 4, 5, 6 and 7, 

shows a linear decrease (P<.05) in BUN as glutamic acid was decreased 

in the diet. A possible explanation for decreased BUN levels for the 

sorghum diets is that the glutamic acid was not being completely utilized 

by the pigs and therefore higher levels of glutamic acid resulted in 

higher levels of products of deamination which increased BUN. 
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TABLE 15. BLOOD UREA NITROGEN LEVELS 

THREONINE STUDY 

Diet BUN^ 

1 9.44 

2 ' 14.75 

3 16.60 

4 8.77 

5 8.61 

6 7.82 

7 7.72 

^mg urea nitrogen per 100 ml sera 
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APPENDIX TABLE A. COMPOSITION OF THE 

VITAMIN-MINERAL PREMIX 

Item Percent 

Defluorinated rock phosphate 36.51 

Trace^iinerals^ 26.51 

Ground limestone 12.10 

Salt 11.63 

Vitamins^ 7.44 

ASP-250 5.81 

Total 100.00 

^See Appendix Table B 

bsee Appendix Table C 
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APPENDIX TABLE B. COMPOSITION OF 

TRACE MINERAL PREMIX 

Item Percent 

K2HPO4 

MgS04 • 7H2O 

FeS04 ,• 7H2O 

Zn02 

CUSO4 • 5H2O 

MnS04 • H2O 

KI 

Na2Se03 

Total 100.00 

58. 
35. 

4. 

0. 

0. 

0. 

0. 

0. 

,67 
,55 

,38 

,57 

,22 

.57 

,02 

,02 



APPENDIX TABLE C COMPOSITION 

OF VITAMIN PREMIX 

43 

Item Percent 

Choline chloride 

Menadione 

Vitamin A acetate, 500,000 lU/g 

Vitamin D2, 500,000 lU/g 

Riboflavin 

Nicoticic acid 

Pyridoxine • HCl 

Thiamine • HCl 

dl-Calcium pantothenate 

Biotin 

Cyanocobalamin 

dl-a-Tocopherol acetate 

Corn starch 

Total 

91.53 

0.29 

0.57 

0.11 

0.57 

2.29 

0.29 

0.29 

2.29 

0.01 

Trace 

1.14 

0.62 

100.00 
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APPENDIX TABLE D. ADDED AMINO ACIDS, 

TRYPTOPHAN STUDY 

Amino acid, % 

Isoleucine 

Lysine 

Methionine 

Threonine 

Total 

1 

.103 

.114 

.346 

.207 

.800 

2 

.091 

.219 

.355 

.202 

.867 

Diet 

3 

.084 

.295 

.363 

.200 

.942 

4 

.071 

.369 

.371 

.195 

1.006 

5 

.061 

.446 

.380 

.192 

1.079 



APPENDIX TABLE E. ADDED AMINO ACIDS 

LYSINE STUDY 

45 

Amino acid, % 

Arginine 

Histidine 

Isoleucine 

Leucine 

Methionine 

Threonine 

Tryptophan 

Valine 

Phenylalanine 

Total 

1 

.014 
• • • 

.225 

.089 

.410 

.291 

.063 

.126 
• • • 

1.218 

2 

.052 

.026 

.287 

.194 

.443 

.334 

.076 

.204 
• • • 

1.616 

3 

.090 • 

.063 

.349 

.299 

.475 

.377 . 

.089 

.282 

.094 

2.118 0 

Diet 

4 

• • 

• • 

163 
• • 

390 

251 

053 

048 
• • • 

.905 

5 

0 

• • 

• • t 

100 . 
• • 

372 

212 

042 
• • 

• • 

.726 0 

6 

• • 

• • « 

038 • 
» • • 

354 

.172 . 

.030 
1 • • 

> • • 

.594 0 

7 

« • 

• • 

• • 

• • 

333 

132 

.020 
> • • 

> • • 

.485 



APPENDIX TABLE F. ADDED AMINO ACIDS 

THREONINE STUDY 

46 

Amino acid, % 

Arginine 

Histidine 

Isoleucine 

Leucine 

Lysine • HCl 

Methionine 

Phenylalanine 

Tryptophan 

Valine 

Total 0 

1 

» • • 

» • • 

098 
• • 

171 

343 

• • 

.037 

• • 

649 

2 

.050 

.025 

.284 

.189 

.500 

.442 

• • • 

.075 

.200 

1.765 

3 

.164 

.135 

.471 

.504 

.830 

.539 

.332 

.113 

.434 " 

3.522 . 

Diet 

4 

• • 

» • • 

094 

• • 

279 

356 

• « « 

038 

• • 

767 . 

5 

> • • 

> • • 

088 

,. . 

385 

368 

• • < 

039 . 

• • 

880 

6 

• • « 

084 
• • 1 

491 

378 . 

• • 4 

040 . 

.. 

993 1. 

7 

1 • • 

> • • 

079 
• • 

599 

391 

• • 

041 

110 
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APPENDIX TABLE G. BULK DENSITY 

OF DIETS^ GRAMS/LITER 

Diet 
Study 

1 

2 

3 

4 

5 

6 

7 

597 
• • • 

• • • 

609 

647 

683 

721 

Try Lys Thr 

589 593 

584 586 

580 582 

612 617 

648 650 

676 682 

716 724 

^Linear increase in density as sorghum 
was increased in diet (P<.05) for all studies 

TEXAS TECH LIPPARY 






