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CALCIUM AND PHOSPHORUS REQUIREMENTS OF SWINE 

D. E. Becker 
Department of Animal Science 

University of Illinois, Urbana 

Of all the mineral elements which are deficient in yellow corn and other 
cereals and therefore must be provided to swine in supplementary form, per
haps calcium and phosphorus have received the most extensive study. This 
seems proper since they represent the most expensive mineral additions made 
to practical swine rations. Yet, considerable confusion exists relative to 
the requirements of the different classes of swine, the availability of the 
minerals in different sources, the effect of excess dietary levels and the 
relationship to turbinate atrophy in the growing pig. 

The report of the National Research Council (1964) provides an excellent 
review and recommendations based upon the evidence published prior to this 
report (table 1). Therefore, the objective here is to review more recent 
studies. 

NEED FOR MAXIMUM PERFORMANCE AND SKELETAL DEVELOPMENT 

Certainly the recent experimental studies do not suggest a need to increase 
the N.R.C. reconnnendations for calcium and phosphorus in order to support 
maximum rate and efficiency of gain and optimum skeletal development of 
growing-finishing swine. Indeed, there may be some evidence that the require
ments actually may be lower. With the increased interest in early weaning 
there has been more research on the calcium and phosphorus needs of the young 
pig starting at about 2 weeks of age. 

With a diet containing 0.8% phosphorus Dudley et al. (1961) studied the re
sponse of the baby pig to levels of dietary calcium and the influence of 
dietary carbohydrate thereon (tables 2 and 3). When pigs weighing 5 kg. ini
tially were fed a diet containing 0.1% calcium they exhibited calcium defi
ciency within 2 to 4 weeks. Manifestations included weak legs and pasterns, 
impaired locomotion and seizures of tetany which frequently culminated in 
death. The nature of the dietary carbohydrate did not influence the occur
rence of the deficiency symptoms or the calcium requirement. During a 5-week 
trial the calcium requirement was no higher than 0.2% of the diet for maximum 
rate and efficiency of gain. On the other hand, the ash content of the femur 
increased with all increments of calcium up to 2.0% of the diet, and it was 
generally over 50% at calcium levels at or above 0.5% of the diet . 

Somewhat similar findings have been reported by Zinnnerman et al. (1963) who 
studied optimum calcium and phosphorus levels fo~ pigs from 2 to 7 weeks of 
age. The results of one trial are presented in table 4. Calcium level as 
low as 0.50% of the diet did not impair rate or efficiency of gain, while 
phosphorus levels up to 0.6% of the diet improved the efficiency of feed 
utilization. The highest levels of calcium (1.0%) and phosphorus (0.7%) in 
the diet produced the maximum responses in metatarsal calcification. These 
workers suggested a maximum of 0.8% calcium and a minimum of 0.6% phosphorus 
to assure maximum performance and adequate skeletal development. A minimum 
for calcium was not indicated. 
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Miller et al. (1964) determined the response of baby pigs to phosphorus 
levels in a synthetic diet containing 0.8% calcium (table 5). CaHP04•2H20 
was used to increase the phosphorus level in the diet which contained 0.2% 
phosphorus. A level of 0.4% appeared adequate to support normal gains and 
feed utilization, a somewhat higher level, 0.5%, appeared necessary for 
adequate skeletal development, and 0.6% was required for maximum strength 
of bone. 

Several other reports have been published by Combs and Wallace (1962), 
Rutledge et al. (1961) and by Combs et al. (1962) but no attempt will be 
made to review all reports here. 

CALCIUM-PHOSPHORUS AND TURBINATE ATROPHY 

Probably the most perplexing facet of the calcium and phosphorus in the 
nutrition of swine relates to its role in the etiology of atrophic rhinitis. 
This widespread disease has been considered infectious and associated with a 
number of microorganisms of which Bordetella bronchiseptica is the most noted. 
However, recently Brown et al. (1966) have suggested that an inadequate intake 
of calcium and phosphorus may result in atrophy of the nasal turbinates in 
young pigs (table 6). Although limited observations were made, all of the 
pigs fed a diet containing 0.8% calcium and 0.6% phosphorus showed micro
scopic manifestations of atrophic rhinitis, but there was an absence of such 
symptoms when a diet containing 1.2% calcium and 1.0% phosphorus was fed. 
All pigs fed diets containing less than 0.35% calcium, regardless of the 
phosphorus level, exhibited macroscopic evidence of atrophic rhinitis. Thus, 
on the basis of these data we may question recommended levels of feeding cal
cium and phosphorus which presumably are just adequate for optimum and eff i-
c iency rate of gain and for bone ash content. 

Other workers have failed to verify that mineral nutrition is involved in 
atrophic rhinitis. Peo et al. (1967) reported data in which there was no 
difference in atrophic rhinitis suspects in pigs fed diets containing 0.35 
or 0.65% calcium and adequate phosphorus (table 7). Harmon et al. (1968) 
have also reported studies in which growing-finishing pigs were fed diets 
containing 0.34, 0.54, or 0.75% phosphorus and 0.87 or 0.89% calcium 
(table 8). Ash, calcium, and phosphorus content of ribs and turbinates 
showed similar responses to the phosphorus levels, increasing linearly as 
dietary phosphorus increased. However, the values for turbinates were con
sistently lower than the values for ribs. Histologically, all turbinates 
showed inflammatory exudate which is indicative of infection typical of 
atrophic rhinitis. Thus, the turbinates may reflect the status of phos
phorus intake, but there is no evidence to support the Cornell studies. 

Further research in a well-controlled environment, perhaps with germ-free 
pigs, is needed to ascertain the role of calcium and phosphorus in the 
etiology of atrophic rhinitis. It may well be that we are concerned with 
a nutrition-environmental interaction that deserves verification. 

HIGH LEVELS OF DIETARY CALCIUM 

The adverse physiological effects of high-calcium intakes have been known 
for many years, but there has been limited study of the effects of high
dietary levels of calcium on the rate and efficiency of gains of swine fed 
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under practical conditions. In addition to a possible interaction with 
atrophic rhinitis, high-calcium intake has been associated with the avail
ability of manganese, with the effectiveness of dietary antibiotics, and 
with the incidence of parakeratosis. Hence, the response of the growing 
pig to high-calcium supplementation is of some interest. 

Lloyd et al. (1961) reported on feeding calcium to the early-weaned pig at 
levels ranging from 1.2 to 4.0% of the diet (table 9). It was found that 
increasing dietary calcium decreased daily gains, but when the latter was 
adjusted to equal feed intake, calcium had no effect on feed efficiency. 
Calcium levels did have an effect on the apparent digestibility of total 
carbohydrate in the diet. 

Also, Becker and Jensen (1961) fed levels of calcium varying from 0.35 to 
1.30% of the diet to growing-finishing pigs from a herd with a known his
tory of atrophic rhinitis (table 10). There were no gross symptoms of cal
cium deficiency in pigs fed a fortified corn-soybean meal diet containing 
only 0.35% calcium. The calcium level was increased to 0.95% of the diet 
without depressing the rate and efficiency of gains. At 1.3% calcium or 
2.0% limestone the rate and efficiency of gains were depressed--an effect 
contrary to that anticipated if the calcium is related to the severity of 
atrophic rhinitis. 

These results generally agree with previous observations that high levels 
of dietary calcium will depress the rate and efficiency of gain by growing
finishing pigs. However, the exact effect of a high-calcium level is un
doubtedly dependent upon many factors, but particularly the phosphorus and 
zinc content of the diet. 

PHOSPHORUS AVAILABILITY 

About half or more of the phosphorus in cereals and vegetable proteins may 
occur as phytin or phytic acid, and on the basis of reports it appears that 
some, though variable, amounts are available to the pig. It is well docu
mented that the pig has phytase activity in the small intestinal mucosa, 
but estimates of the availability of plant phosphorus suggest that it is 
usually less than 50%. It would probably be lower in feeds containing high 
levels of phytates. In fact, recently Besecker et al. (1967) have reported 
that the digestibility of total phosphorus in barley was 17.7 and 24.3%, 
respectively, in diets containing 0.3 and 0.5% total phosphorus. It is 
clearcut that the availability of phosphorus in corn and soybean meal is not 
equal to that of good inorganic phosphorus supplements and this fact should 
be considered when formulating rations for swine. Efforts should be expanded 
to place recommended feeding levels on an available phosphorus basis. 

Of the supplementary sources of inorganic phosphorus Plumlee et al. (1958) 
concluded that the availability was equally high in dicalcium phosphate, 
monocalcium phosphate and phosphoric acid, intermediate in steamed bone meal 
and defluorinated phosphate and low in Curacao Island phosphate and soft 
phosphate with colloidal clay. 

Recently Harmon et al. (1965) reported on phosphorus utilization by pregnant 
and lactating gilts fed dicalcium phosphate, soft phosphate with colloidal 
clay or Curacao Island phosphate added to provide 0.20% supplementary phos
phorus in a diet containing 0.34% total phosphorus. About 70% of the gilts 

- 9 -



in the unsupplemented diet developed posterior paralysis during the lactation 
period. Dicalcium phosphate was superior to either soft phosphate or Curacao 
Island phosphate for the prevention of posterior paralysis or for the mainten
ance of high bone ash content. These findings agree with the prior studies 
of Plumlee et al. (1958) on the growing pig. 

Dudley (1960) completed a series of studies related to the availability of 
phosphorus in various supplements. The rapidity of absorption of the phos
phorus in NaHzP04·HzO, steamed bone meal and dicalcium phosphate was deter
mined by following the blood inorganic phosphorus level of depleted pigs 
prior to and periodically after a test meal. Shortly after feeding blood 
phosphorus increased markedly for the group receiving NaHzP04,·Hz0 and subse
quently decreased, thus indicating a very rapid absorption. In the case of 
dicalcium phosphate and soft phosphate, the blood phosphorus values were 
actually depressed after feeding and then increased later, indicating that 
these sources of phosphorus were not absorbed as rapidly. Later, however, 
using a balance technic it was determined that the average utilization of 
the phosphorus in various phosphorus supplements was as follows (assuming 
NaH2P04•HzO = 100%): 

Steamed bone meal 
Soft phosphate with colloidal clay 
Dicalcium phosphate 
Phosphoric acid 
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Table 1. Calcium and Phosphorus Requirements of Swine. National 
Research Council--1964. 

Item 

Growing pigs 
10-25 lb. 
25-50 
50-75 
75-125 
125-175 
175-225 

Bred Sows and Gilts 
Lactating Sows and Gilts 
Breeding Boars 

Requirement, % of Diet 
Calcium Phosphorus 

0 . 80 
0.65 
0.65 
0.50 
0.50 
0.50 
0.60 
0.60 
0.60 

0.60 
0.50 
0.50 
0.40 
0.40 
0.40 
0.40 
0.40 
0.40 

Table 2. Response of the Baby Pig to Dietary Calcium Levels. (Dudley et al., 
1961). 

Calcium Level % 
Item 0.1 0.5 0.9 1.3 1. 7 2.1 

Av. daily gain, gm. 
Lactose 232 331 327 400 300 350 
Glucose 291 322 354 300 272 340 

Av. 261 326 340 350 286 345 

Gain-feed ratio 
Lactose 0.542 o. 711 o. 703 o. 715 0.626 0.668 
Glucose 0.609 0.654 0.696 0.642 0.591 0.681 

Av. 0.575 0.682 0.700 0.678 0.658 0.674 

Femur Ash 
Lactose 39.3 51.4 52 . 7 53.0 54.9 56 . 0 
Glucose 36.9 46.8 51. 7 52.2 53.7 55.0 

Av. 38.1 49.l 52.2 52.6 54.3 55.5 

Table 3. Response of the Baby Pig to Dietary Calcium Levels. (Dudley et al., 
1961). 

Calcium Level % 
Item 0.1 0.2 0.3 0.5 0.9 1. 7 

Av. daily gain, gm. 191 204 272 277 250 286 
Gain-feed ratio 0.517 0.567 0.604 0.638 0.662 0.594 
Av. femur ash, % 36.6 41.2 44.6 47.8 51.1 55.4 
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Table 4. Response of the Baby Pig to Levels of Calcium and Phosphorus. 
(Zimmerman et al., 1963). 

Calcium Level 1 % 
Phosphorus level, % 0.50 0.65 0.80 0.95 

Av. daily gain, gm. 
0.40 331 389 352 342 
0.50 454 413 366 404 
0.60 459 384 460 370 
0.70 420 415 417 395 

Gain-feed ratio 
0.40 .571 .571 .549 .532 
0.50 .568 .602 .535 .556 
0.60 .621 .565 .629 .588 
o. 70 .637 .599 .595 .585 

Metatarsal ash, % 
0.40 43.2 42.0 44.5 42.4 
0.50 46.3 46.6 44.9 48.8 
0.60 44.3 48.9 47.0 48.5 
0.70 46.1 47.3 49.2 48.2 

Table 5. Response of the Young Pig to Dietary Phosphorus Levels. (Miller 
et al. , 1964). 

Phosphorus Level 1 % 
Item 0.4 0.5 0.6 o. 7 0.8 

Av. daily gain, gm. 200 200 290 290 290 
Gain-feed ratio 1.4 1.38 1.35 1.37 1.37 
Humeral ash, io 47.5 52.0 52.1 52.6 53.2 
Femur breaking load, kg. 70 93 99 115 115 

Table 6. Effect of Dietary Calcium and Phosphorus on Performance, Skeletal 
Development and Atrophic Rhinitis. (Brown et al., 1966). 

Percentage 
Ca 0.8 1.0 1.20 0.8 0.18 0.30 0.35 

Item p 0.6 0.8 1.00 1.6 0.35 0.60 1.40 

No. pigs 4 3 3 3 4 4 4 
Av. daily gain, gm. 620 660 660 514 385 628 510 
Feed/gain 2.62 2.83 2.81 2.70 2.52 2.66 2.64 
Ash in humerus, % 55.9 56.5 56.4 54.9 42.9 52.5 50.5 
No. with rhinitis 

Macroscopically 0 1 0 3 4 4 4 
Microscopically 4 1 0 3 4 4 4 
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Table 7. Effect of Dietary Calcium and Phosphorus on the Performance of 
Swine. (Peo et al., 1967). 

Diet Level 1 % 
Ca 0.35 0.35 0.65 0.65 

Item p 1.05 1.30 0.65 1.30 

Av. daily gain, gm. 800 720 770 780 
Gain/feed 0.28 0.26 0.29 0.27 
Breaking ?trength of femur, 

kg./cm! 10.4 11.1 15.7 11.8 
Atrophic rhinitis suspects 1 0 1 0 

!f Peo, et al., 1967. 

Table 8. Effect of Dietary Phosphorus Level on the Performance of Swine. 
(Harmon et al., 1968). 

Diet Levels 1 % 
Ca 0.87 0.87 0.89 

Item p 0.34 0.54 0.75 

No. of pigs 10 10 10 
Av. daily gain, gm. 424 549 636 
Gain-feed ratio 0.224 0.277 0.330 
Serum Ca, mg./100 ml. 15.24 11.67 11.68 
Serum P, mg./100 ml. 5.49 10.06 9.82 
Rib ash, % 52.35 60.46 60.12 
Turbinate ash, % 
Turbinate histology.!/ 

49.0 56.6 56.0 

Inflammatory exudate 2.0 1.8 1.3 
Osteoclasts 1.5 1.0 1.5 
Osteoblasts 1.3 1.0 1.5 
Cartilage present 2.7 2.2 2.2 

!7 Values of O, 1, 2 and 3 assigned histological observations: 0 = 
normal, 3 = rachitic. 

Table 9. Response of the Early-Weaned Pig to Dietary Calcium Levels. 
(Lloyd et al., 1961). 

Calcium Level 1 % 
Item 1.2 2.0 3.0 4.0 

Av. daily gain, gm. 318 309 259 268 
Gain-feed ratio 0.455 0.456 0.429 0.407 
App. dig. coef fie ient, % 

Gross energy 85 85 85 85 
Crude protein 84 83 84 85 
Ether extract 58 62 60 65 
Total CHO 92 90 89 89 

- 13 -



Table 10. Response of Pigs to Levels of Calcium in Corn-Soybean Meal 
and Corn-Soybean Meal and Meat and Bone Scrap Rations.~/ 
(Becker and Jensen, 1961). 

Limestone added 1 io 
Item o.o 1.0 2.0 

Cale ium leve 1, % 
Corn-SBM 0.35 0.73 l. ll 
Corn-SBM-MB 0.50 0.92 1.30 

Av. daily gain, gm. 
Corn-SBM 790 781 713 
Corn-SBM-MB 717 731 690 

Gain-feed ratio 
Corn-SBM 0.348 0.338 0.329 
Corn-SBM-MB 0.359 0.379 0.332 

~/ Becker and Jensen, 1961. 
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GRAIN PROCESSING 

J. K. Matsushima 
Department of Animal Science 

Colorado State University 
Fort Collins, Colorado 

Processing of feeds has been known to the livestock and feed industry for 
great many years. It is difficult to ascertain just when men started to 
"process" feed for livestock but some indication can be obtained by the follow
ing paragraphs taken from the first edition of Feeds and Feeding by W. A. Henry 
(1898): 

"Fifty years ago there could be found in this country a number of 
establishments, more or less elaborate and expensive, designed for the 
purpose of steaming or boiling forage for cattle. The work was usually 
undertaken by men of means, and was sometimes carried out with much 
detail and often at considerable expense. It is significant that none 
of these practices was long maintained. 

Experiments with feeding steamed hay to oxen, made at Popelsdorf, showed 
very decisively that steaming rendered the components of hay less 
digestible; especially was this true of the protein." 

Most of us are aware that the feed costs is the most expensive item in the 
present cattle feeding operation. Therefore, every cattle feeder is interested 
in maximizing his returns from efficient use of his feeds and proper formulation 
of his rations. In recent years much emphasis has been placed on various 
methods of processing feeds to have the animals make more efficient use of the 
feeds, particularly the grain, to cheapen the cost of gains. The dilemas of 
the researchers, as well as the cattle feeders, feed dealers, feed machinery 
manufacturers, etc. would be eliminated if the results were more consistent 
with the various methods of feed processing which have been tested. Perhaps, 
it is apropos to quote an excerpt from Henry (1898) in his early textbook which 
states: 

"Among farm animals there is none so difficult to experiment with, all 
things considered, as the fattening steer. In this work the returns for 
the feed supplied are measured by the gain of the animal from day to day. 
While at first it is not difficult to increase the weight of the steer, 
the problem is far from easy when the final stages of the fattening 
period are reached. The animal then has a dainty appetite and is easily 
thrown off feed by small variations in the character or amount of the 
provender supplied." 

This presentation deals primarily to certain processing methods, particularly 
to grains, and their effects on physical and chemical properties of the feed 
as well as the feed values resulting from the process. Major portion of the 
discussion will be devoted to grain processing as it relates to beef cattle. 

There are many ways in which grains may be processed. The primary purpose(s) 
for processing feeds for beef cattle include (the following may not apply to 
all methods of processing): 
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(a) increase digestibility 
(b) increase palatability 
(c) increase surface area for greater microbial activity 
(d) easier access by rumen microorganisms and digestive enzymes to the 

starches and readily utilizable nutrients 
(e) increased "bulk" by certain processing methods may affect rate of 

passage of feed through the digestive tract or affect rumen motility 
(f) through the combination of these factors culminate in increased feed 

efficiency. 

Before any attempt is made to utilize a specific method to process his grain 
one should recognize the peculiar qualities of each type of grain. The size 
of kernel, percentage of moisture, percentage of concentrate in the ration, etc. 
are some of the factors which may dictate whether or not the grain should be 
processed instead of feeding it in the natural form. 

The discussion which follows does not include all the different methods of feed 
processing which are known. Also, the methods which are presented are not in 
order of any precedence. 

HIGH MOISTURE GRAINS: RECONSTITUTED GRAINS 

A feed processing method which is rapidly increasing, particularly in the 
midwest, is the use of high moisture grains. It is a relatively inexpensive 
method and can be used by small feeders as well as large operators. A con
siderable amount of flexibility exists with this method. For example, one can 
take high moisture corn, milo, barley, oats, etc. during the harvest season 
while the moisture content of the grain ranges from around 25 to 30 percent. On 
the other hand when high moisture grain is not available a person can take regular 
dry grain which had been stored and have it reconstituted (water added to the 
grain) to a desired moisture level. At the present time the most conunon level of 
moisture for the reconstituted grain appears to be around 30 percent. This does 
not imply that it is the optimum level. 

The current interest with high moisture grain or reconstituted grain is to have 
the grain ensiled in air tight silos or in trench silos. 

Fermentation of High Moisture Grains: 

Removal of oxygen as rapidly as possible is important to prevent spoilage. 
Burmeister and Hartmen (1966) demonstrated the importance of yeasts during the 
early stages of fermentation of high moisture corn. Lanigan (1961) showed 
maximal activity of lactic and bacteria at a temperature range from 82 to 86°F. 
It appears that when the temperature increases beyond 9o°F. there is a tendency 
for a larger percentage of undesirable bacteria to become active and thus lead 
to a less desirable feed. 

The research at Colorado State University by McLaren (1968) showed that there was 
a relatively rapid rise in temperature reaching a peak of about 84°F. after six 
days of ensiling of reconstituted corn (28% moisture). Where oxygen was limited 
toward the bottom of the silo the temperature did not get any higher than about 
75°F. This research also indicates the value of eliminating oxygen which means 
that proper packing is very essential. The temperature of ensiled corn remained 
around 68 to 70°F. from about the 21st day after ensiling until the grain was fed. 
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The pH of the reconstituted corn was 6.1 before it was ensiled and dropped 
rapidly to 4.5 within three days. After the third day the pH continued to 
decline gradually reaching a low of 3.9 to 4.0 by the fifteenth day and remained 
at this level with minor fluctuations. 

Lactic acid production followed a similar pattern as the rise in temperature of 
the fermenting material making a rapid rise for the first six days and tapering 
off until a maximum value was reached about the fifteenth day. 

Soluble sugars decreased during the first 24 days but the most rapid period of 
decline was during the eighth or ninth day after ensiling. Starch values 
decreased but not at the same rate as the soluble sugars. 

How Soon to Feed After Ensiling High Moisture Corn; 

From the various chemical and temperature changes which have been measured by 
McLaren (1968) and from various reports from the field it would appear that a 
person could safely start feeding the high moisture or reconstituted grain 
within ten days or two weeks after the grain has been put in the silo. Where 
small quantities, two to four pounds per head daily, of such grain is to be fed 
there should be no problem to start feeding it immediately. 

Feeding Value of High Moisture Grains: 

Digestibility. Although a number of researchers, Burroughs et al, (1960) 
Jordan et al, (1960), Self and Sunnners (1960), and Henderson (1964) have suggested 
that high ilillisture grains should be ground before feeding because of the relatively 
large amounts of whole shelled high moisture corn being passed through the animal 
undigested, little data is available on actual nutrient digestibility. Neuman et al 
(1959) presented digestibility data comparing values for 14.5 percent and 24 
percent moisture corn. They found apparent digestion coefficients of 72.9, 73.5; 
84.8, 82.2; 66.7, 63.6; 49.4, 51.6; and 46.7, 47.4 for dry matter, ether extract, 
nitrogen, crude fiber and organic matter for the dry and wet corn respectively. 
These results do not indicate any advantage for the high moisture corn. These 
researchers suggest that prior enzymatic action of both plant and microfloral 
origin in the silo, resulting in conversion of starch to volatile fatty acids, 
might partially explain why cattle can safely be started on higher levels of 
fermented corn. 

McGinty et al (1967), however, have found that the apparent digestibility of 
dry matter,--Organic matter and protein is significantly higher in beef cattle fed 
ensiled reconstituted sorghum than in those fed dry sorghum grain. This is con
sistent with the higher average daily gains and improved feed efficiency that 
Parrett and Riggs (1967) found for ensiled reconstituted sorghum fed cattle 
compared to those fed the dry grain. 

McLaren (1968) found a consistent increase in apparent digestibility of the 
ration nutrients, particularly dry matter, when reconstituted corn (28 percent 
moisture) was compared to dry cracked corn in a fattening ration. The digesti
bility was increased with the reconstituted corn whether the ration included corn 
silage or alfalfa hay as the roughage. 
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Performance of Cattle. Several reports are available where high moisture 
grains have been compared with different methods of feed preparation. Since 
most of the results are quite similar in many respects the recent report from 
Colorado is presented (taken in part from Colorado Farm & Home Research, Vol. 
18, 1968): 

"The objective of this experiment was to compare the feeding value of 
regular dry rolled corn in a cattle finishing ration with: flaked corn, 
finely ground corn, reconstituted corn, and high moisture ensiled corn 
which was ground before ensiling or after ensiling. 

The corn used in this experiment for the various methods of processing was 
obtained from a 1966 crop. Most of the corn was harvested while the mois
ture content ranged from 29 to 32 percent. The corn used for treatments 1, 
2 and 3, as shown in the table, was dried by forced air to about 13 percent 
or allowed to dry in the field to about 20 percent and then further dried 
by forced air to about 13 percent. 

The corn in treatment 1 was dry rolled (comparable to regular dry cracked 
corn when a hammer mill is used). The finely ground corn for treatments 
3 and 4 was processed through a hannner mill with a quarter-inch screen. 
Flaked corn was processed by steaming at atmospheric pressure for 12 
minutes to a temperature of about 200°F. and flattened through a roller 
to 1/32 inch thickness. The moisture content of the flakes at this point 
was about 20 percent. 

The high moisture ensiled corn used in treatments 5 and 6 were prepared 
as follows: Immediately after the corn was combined, part of the grain was 
weighed and hauled directly to a trench pit silo. Another portion of the 
shelled corn was put through a roller mill and then ensiled. The ensiled 
whole corn was rolled, without steaming, prior to each feeding. 

Cattle fed dry rolled corn, flaked corn or finely ground dried corn gained 
approximately 9 percent more than those fed high moisture ensiled corn or 
finely ground corn which was reconstituted to 30 percent moisture just 
prior to feeding. Thus, cattle fed corn with about 12 percent moisture 
made greater gains than those fed corn containing about 30 percent moisture. 
The reduction in gain appears to be attributed to the lower grain consumption 
(note daily corn intake on air dry basis) as shown in table 1. 

Best feed efficiency figures were obtained by cattle fed flaked corn or 
high moisture corn which was ensiled as whole grain and rolled prior to 
feeding. The two treatments (2 and 6) required about 7 percent less feed 
per pound of gain than those fed dry rolled corn. 

The addition of water (reconstituting to 30 percent moisture) to finely 
ground corn decreased gains approximately 9 percent and also decreased 
feed efficiency about 3 percent. 

In this experiment, high moisture ensiled corn (treatment 5) was no better 
than reconstituted corn (treatment 4) based upon gains and feed efficiency. 
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"' 

TABLE 1. PERFORMANCE OF FEED LOT CATTLE FED CORN PROCESSED UNDER SIX DIFFERENT METHODS 
134-day Feeding Period: Data based on average of duplicate lots 

1 2 3 4 5 6 

Fine ground 
Dry Finely corn plus Ensiled with En siled, whole; 

Rolled Flaked ground water at fine grind rolled at 
Treatment Corn corn dry corn feeding corn feeding 
Initial weight, 1lbs. 585 584 585 584 586 584 
Daily gain, lb. 2.47 2.47 2.50 2.30 2.32 2.34 
Daily feed intake: 

Corn, natural basis 11.98 10.53 11. 68 13.54 13.02 12.05 
(air dry basis) (ll.58) (10.18) (11. 30) (10.22) (9.84) (9. 10) 

Alfalfa hay, chop 3.56 3.52 3.58 3.50 3.51 3.56 
Corn silage 13.94 13.89 14.08 13.80 13.83 14.00 
Dried pulp pellets 1.82 1.81 1.84 1.80 1.80 1. 82 
Protein su~plement 0.64 0.64 0.64 0.62 0.62 0.64 

Feed/lb. g3in : 9.02 8.44 8.84 9.06 8.84 8.49 
Dressing % : 4 63.3 62.8 62.3 63.0 62.9 63.5 
Fat thickness, inch : 5 0.58 0.56 0.52 0.53 0.52 0.52 
U.S.D.A. cutability % G 49.6 49.7 49.8 49.9 50.1 50.4 
U.S.D.A. carcass grade : 17.5 17.0 17.5 17.1 17.2 17.7 

1Gain figured with 4% shrink on final weight; 2air dry feed basis; 3calculated from final weight with 4% 
shrink and hot carcass weight with 2% cooler shrink; measured at 12th rig; per cent of carcass weight in 
boneless, closely trirruned, retail cuts from round, loin, rib and chuck; U.S.D.A. carcass grades of low, 
average and high choice equal to 16, 17 and 18, respectively. 



It can be noted from figures in the table that, even though cattle fed the 
dried corn (whether dry rolled, flaked or finely ground) gained more than 
those fed the high moisture grains, there was very little difference in 
slaughter and carcass data. 

There was no noticeable difference in appetite or digestive disturbance 
(scours) among any of the treatments in this test. However, it was very 
obvious that cattle fed high moisture corn (treatments 4, 5 and 6) were 
not able to get enough dry matter from the ration during the early part 
of the feeding period when their ration consisted largely of high moisture 
corn and silage. Daily gains were depressed as much as four-tenths of a 
pound per head daily during the first month of the test." 

FLAKING GRAINS 

Flaking of grains, particularly corn and milo, continues to be a popular method 
of feed processing. Due to the increased knowledge as to the specifications 
which are required in the process to obtain optimum benefits, flaking equipment 
are seen in operation at many of the large cattle feedlots in Colorado, Texas, 
Arizona, California, Oklahoma, Kansas, Nebraska and other states. 

Physical Properties of Flaked Grains: 

(a) Weight per bushel or bulk: 

Flaked feeds are much bulkier than regular cracked grains. Tables 
2 and 3 will show that flaked grain will weigh less in a given volume. 

Table 2 

Pounds per 
bushel 

Table 3 

Pounds per 
bushel 

Weight of processed Corn in Given Volume (Colorado) 

Dry 
Cracked 

38 

Weight 

Dry 
Rolled 

45.0 

Flaked 

27.2 

of Processed Milo 

Pressure 
Cooked 

24.5 

Cooked and 
Dry Rolled 

36.9 

in Given Volume (Arizona) 

Steam 
Processed 

27.0 
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Flaked, dried, 
and Rolled 

34.2 

Fine 
Ground 

38.0 



(b) Particle size: 

Table 4 

One of the major differences in the appearance of cracked grain as 
compared to flaked grain is in the particle size. Tables 4 and 5 
will illustrate the percentage of various size particles through a 
different sieve or screen. This type of measure will enable us to 
determine the quality of flakes produced but may not necessarily 
determine the feeding value of flaked grains since there may possi
bly be other factors, such as percentage of moisture, degree of 
starch gelatinization, etc. which may directly or indirectly affect 
digestibility, consumption, and ultimately the feeding value. 

Sieve Measurements for Corn Preparations (Colorado) 

Particle Size Determinations 

Percent Retained on 
Size Sieve Cracked 

5.0 mm. 11.0% 
3.0 mm. 28.5% 
2.0 mm. 31.5% 
1.0 mm. 19.0% 
0.5 mm. 8, 5'7o 
o.o mm. 1.5% 

Table 5 Sieve Measurements for Milo 

Dry Fine 
Rolled Ground 

Percent retained 
on: 

5-mesh screen 0 0 
10-mesh screen 0.57 0.17 
20-mesh screen 71. 91 4.12 
30-mesh screen 18.40 12,92 
40-mesh screen 4.13 16.38 
Over 40-mesh 

screen 5.09 66.41 

Chemical Properties of Flaked Grains: 

(a) Water uptake of corn particles: 

Preparation (Arizona) 

Steam 
Processed 

31. 66 
59.07 

7.34 
0.33 
0.13 

1.147 

Flaked 

78.0% 
8.5% 
5.0% 
4.5% 
3.0% 
1.0% 

Pressure 
Cooked 

49.03 
47 .96 
2.14 
0.10 
0.10 

0.67 

Limited data from our research at Colorado show that flaked corn 
absorbs about 50% more water in a given period of time as compared 
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Table 6 

Method of 
Process 

Dry roll 

to regular cracked corn. It will be noted from Table 6 that flaked 
corn which was re-ground after flaking and dried to about 15% 
moisture absorbed more water than the flaked corn. 

Specific gravity determinations were made on the regular cracked 
corn, cooked and cracked (dry roll), flaked and flaked-reground or 
cracked. There were no differences with a specific gravity of 1.35 
for all four methods of processed corn. 

Water Uptake of Corn Particles (Colorado 1966) 

Soaking time 
Minutes 

Water Uptake, 
gm/100 gm 

Cooked - dry roll 
Flaked 

10 
10 
10 
10 

49 
46 
75 
95 
43 
60 
90 

Flaked - cracked 
Dry roll 1 

30 
1 

30 

Dry roll 
Flake 
Flake 153 

(b) Starch modification: 

Table 7 

Trial 
I 

II 
III 

Starch granules gelatinize when they are boiled or cooked for certain 
length of time. Although the grain is not exposed to steam for a gr eat 
length during the flaking process there could be certain amount of 
change in the structure of starch. It is also evident that certain 
amount of heat is generated when the steam moistened grain is squeezed 
through the rollers. This, too, may have an effect in changing the 
structure of the starch granules. 

No specific technique is available at present to accurately measure 
the degree of starch modification resulting from the flaking proce ss. 
The "birefringence" measure has been used in certain cases. This t e st 
involves the use of a polarizing microscope. The loss of birefringence 
(refraction) indicates disturbance of starch granules. 

The data shown in Table 7 indicates that flaked corn does have a 
portion of the starch granules modified due to the steaming or 
cooking and possibly to a certain degree, by the rolling process. 

Percent Starch Granules Showing Birefringence (Colorado 1966) 

Dry Cook Flaked, 
Roll Dri Roll Flake Cracked 

99 98 50 60 
99 98 55 50 
99 98 50 50 
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(c) Volatile Fatty Acids (VFA) 

Conflicting data exist on the proportion of volatile fatty acids 
produced in the rumen due to steam processing of grains. Carbo
hydrates are broken down to VFA by rumen microorganisms and the 
acids are utilized as energy sources. Acetate (2 carbon) and 
propionate (3 carbon) are the two acids which predominate in 
the rumen fluid. A larger proportion of propionate to acetate 
appears to be more desirable in increasing the efficiency of 
gains of cattle. Some experimental data show that processing, 
including flaking of grains, increase the production of pro
pionates. Our data at Colorado and also the Kentucky researchers 
do not show this to be true. Apparently, there are certain 
contributing factors which bring about these differences. 

Digestibility 

Flaking appears to increase the 
bility studies at Colorado with 
protein digestibility (Table 8 
in dry matter digestibility but 
Table 9 ). 

digestibility of the grains. The digesti
corn shows an increase in dry matter and 
Arizona data with milo also shows an increase 
no difference in protein digestibility 

The flaked milo showed a higher Total Digestible Nutrient Value. 

Table 8 Digestibility of Flaked Corn (Colorado 1966, 3 trials) 

Dry Cooked, Flaked 
Roll Dry Roll Flaked Cracked 

Dry Matter 70.l** 72 .4** 77. 5 77 .1 
Protein 59.6** 62.5** 66.8 65.5 
Acid-det • fiber 33.3 40.2 40.9 38.7 

** p • 01 

Table 9 Digestibility of Flaked Milo (Arizona) 

Dry Fine Flaked /!:_ 
Roll Grind 

Dry Matter 68.8 70.7 76.3 
Protein 58.7 59.4 55.5 
Crude Fibre 43.3 31.6 33.8 
Tot. Dig. Nutrient 69.3 70.5 75.8 

/!:_ Low pressure, high moisture steam 20 to 20 minutes; 18% moisture from 
roller. 
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Feeding Value: 

Flaked grains, particularly milo, will consistantly increase the feedlot 
gains of cattle providing that the flakes are prepared according to the 
specification. Colorado and Arizona research have clearly shown that thin 
flat flakes are definitely superior to those which have not been rolled or 
processed properly. 

Feed efficiency is increased from five to ten percent, sometimes greater, 
by feeding flaked grains as compared to conventional methods of dry rolling 
or dry cracked grains. No differences in carcass quality have been noted 
in cattle fed flaked grains, in fact, some improvement have been noted in 
some cases. 

EXTRUSION PROCESS 

This is a new process which no research data is available. We have completed 
one feeding trial but the results have not been completely summarized. 

The process is relatively simple and does not require an elaborate equipment. 
One of the important features of this process is that it does not require 
steam. Ordinary dry grain, moisture content ranging from 10 to 18 percent, 
can be introduced directly into the extruder. The machine will grind the 
grain and the pressure of the working forces of the machine generates enough 
heat to produce a long ribbon of continuous product which is relatively 
hot (1700F.). As the extruded grain comes out of the machine a cloud of 
steam can be seen even though no moisture or steam was added prior to the 
processing. Depending upon the type of grain or feed, as well as the 
initial moisture of the feed and the adjustment of the machine, it is 
possible to make a processed feed which is almost paper thin or nearly 
quarter inch thick wafers. 

Considerable research is underway at Colorado State University with this 
equipment and the results from these tests should be forthcoming soon. 

DISCUSSION AND SUMMARY 

The primary purpose of feed processing is to prepare the feed, particularly 
the grain, in such a way so that the animal will make more efficient use 
of his ration. It is recognized that approximately 75 percent of the 
expenses in finishing beef cattle for market is dependent upon the feed 
cost. Therefore, any increase in feed utilization through processing will 
help reduce the cost of finishing beef in the feedlot. 

Several methods of feed processing are available but each one seems to 
have its peculiar advantages and disadvantages. No one single method 
appears to justify, or is feasible for, every type of operation. From 
the information that is available today it would appear that the following 
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factors should be considered in deciding what method of feed processing 
to use: 

1. Type or kind of grain. 
2. Moisture content of grain. 
3. Capacity or production per hour. 
4. Storage and handling facilities of grain before and after 

processing. 
5. Initial investment of equipment. 
6. Type of feeding program, i.e., what feeds (roughages) are to 

be fed w.ith the processed grain. 
7. Economic advantages. 

-V-
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THE INFLUENCE OF UREA OR LIMESTONE ADDITIONS ON FERMENTATION 
AND FEEDING VALUE OF THE ENSILED CORN PLANT (ZEA MAYS) 

F. N. Owensa, J. C. Meiske and R. D. Goodrich 
Department of Animal Science 

University of Minnesota 

Whole plant corn silage is considered a medium energy, low protein feedstuff 
which requires supplementation. With small additions of crude protein and 
minerals, as well as added energy for feedlot animals, corn silage meets or 
exceeds requirements of ruminants (Hatfield et al., 1966). The crude protein 
content of the corn plant is variable, dependin.'g""on fertilization practices, 
climatic conditions and genetics. According to the National Research Council 
(1964), the crude protein content of whole plant maize silage is 8.1% of dry 
matter. This figure has a coefficient of variation of 22!1/o. This indicates 
that, on a random basis with normal distribution, one out of six corn silages 
should exceed 101/o crude protein. Due to this variability, crude protein supple
mentation may not always be beneficial, but such supplementation is usually 
desirable. 

A simple, economical and efficient means of crude protein supplementation is 
the addition of non-protein nitrogen sources. Sufficient non-protein nitrogen 
is usually added to increase the crude protein 50 to 1001/o. Such additions are 
possible either at feeding or at ensiling time. Urea is the most commonly used 
non-protein nitrogen supplement although ammonium bicarbonate, ammonium car
bonate, ammonium hydroxide, ammonium sulfate, ammoniated water, biuret, cyanuric 
acid and diammonium phosphate have shown promise in a limited number of trials 
(Windheuser et al., 1935; Zafren, 1962; Modyanov et al., 1960; Kozmanisvili, 
1959; Karr e~al:", 1965; Johnson et al., 1965; Condon-et al., 1967; Gulyi et al., 
1955). -- -- -- --

Additions of non-protein nitrogen and other supplements such as limestone and 
dicalcium phosphate and chemical antibacterial agents have been studied ex
tensively in feeding trials. But little information is available on the in
fluence of these materials on whole corn plant or cornstalk forage during the 
period of fermentation. 

This discussion of literature will concern chemical changes during fermentation, 
the effects of added bisulfite, urea, and biuret, and conclude with results of 
feeding experiments with corn silage treated with such materials. Excellent 
reviews of these topics are available by Coppock and Stone (1968), Ryley (1967) 
and Owen (1967). 

CHEMICAL CHANGES DURING FERMENTATION 

Fermentation acids. The presence of volatile fatty acids in fermented corn 
silage has been known for many years (Russell, 19o8; Dax and Neidig, 1912). 
Ethanol also was reported by the latter workers. Lactic acid level was normally 
greater than volatile acid content. Rates of production and acid contents were 

a Present address: Department of Animal Science, University of Illinois, Urbana. 
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studied by Dax and Neidig (1913) and Neidig (1914). A plateau in acid content 
was noted eight to ten days following ensiling. The amount of acid was in
versely related to dry matter or maturity of the ensiled material. A similar 
relationship was observed by Johnson et al. (1967). A decrease in the relative 
amount of acetic acid with increasing-niaturity was also noted by this group . 
Morgan and Pereira (1962a; 1962b) have outlined the volatile constituents of 
corn silage in some detail. 

Gas evolution . Carbon dioxide production was studied by Peterson et al. (1925) . 
Oxygen had disappeared in five hours whereas carbon dioxide increased°""'for two 
days in this study . They also showed that plant cell respiration was not 
essential for fermentation since sterilized re-inoculated material underwent 
normal fermentation. 

Another gas, nitrogen dioxide, is also associated with silage . Although the 
probability of toxicity in animal feeds may be reduced by anaerobic respiration, 
the degraded end product, nitrogen dioxide, is hazardous to man . Chemical re
actions and discussion of nitrate have been reviewed by Grayson (1956) and by 
Wright and Davidson (1964). 

Sodium metabisulfite has been used for many years as an antibacterial addition 
for ensiled grass or legume material (Wat son and Nash, 1960) . This compound 
has also been found to be an inhibitor of nitrogen dioxide production and has 
been studied by Meiske et al. (1965). Increased levels of residual nitrate were 
associated with sodium metabisulfite additions. Recent work by Kemp et al. (1963), 
indicated that reductase enzymes for nitrite and sulfite are identicar-i;
Escherichia coli . Competitive inhibition of nitrite reductase may explain the 
effect of sodium metabisulfite during silage fermentation. 

Carbohydrate constituents . Little change in fiber content as a result of fer
mentation of corn silage was noted in early work (Annett and Russell, 19o8). 
Losses of 15 to 3Cf1/o of starch from corn material through fermentation were re
ported by Peterson et al~ (1925). Losses of 39 to 83% of the soluble carbo
hydrate during fermentation, much by conversion to lactic and acetic acids, 
were noted by Johnson et al . (1966a). Fermentation caused no change in in vitro 
cellulose digestibility in their study, but any change in cellulose content was 
not mentioned. 

General estimates of silage losses in desirable fermentations are 5 to lCfl/o of 
dry matter, but losses may exceed 4CP/o with suboptimum exclusion of oxygen. 
Seepage losses of silages containing less than 7Cf1/o moisture seldom exceed 1% 
but may range up to 15% of dry matter with ensilage of higher than SCP/a moisture 
content (Gay, 1966; Watson and Nash, 1960). Whether inherent moisture is 
physiological plant fluid or added water may influence the degree of loss due 
to seepage. 

Nitrogenous constituents . Rosenberger (1956) indicated that lactate fermenting 
and proteolytic species are anaerobic silage microflora of major importance. 
However, other workers (Lamb, 1917; Hunter, 1921) have shown that plant enzymes 
are entirely responsible for hydrolysis of protein. Bacteria are thought to be 
responsible for ammonia release. Up to one-half of the nitrogen of silage 
from immature corn plants is in the non-protein nitrogen fraction (Johnson et al., 
1967). ~ ~ 
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CRUDE PROTEIN ADDITIONS 

Effects of added urea. The first recorded non-protein nitrogen additions to 
corn silage were urea, ammonium carbonate and ammonium bicarbonate (Brigl and 
Windheuser, 1932; Windheuser et al., 1935). Silage lactic acid content and 
crude protein digestibility were-rncreased, but fermentation dry matter loss 
was also increased with addition of these compounds. 

The first United States publication concerning the addition of urea at ensiling 
time was with chopped sorghum (Cullison, 1944). The addition appeared to re
solve the problem of undersirable fermentation which had been attributed to low 
crude protein content of the sorghum. Additions of the same level of urea, 
0.5%, to a high protein grass ensilage, however, did not produce favorable re
sults (Archibald and Parsons, 1945), Such additions resulted in increased 
leaching losses, objectionable odors, and unpalatable silages. Supplementation 
of grass or legume silages with crude protein should not be necessary since these 
materials naturally contain sufficient amounts of crude protein for ruminant 
diets. The typical problem with grass or legume silage is not crude protein de
ficiency but a deficiency of available carbohydrate (Barnett, 1954). Protein 
degradation will follow carbohydrate depletion in carbohydrate deficient ensiled 
materials, resulting in undesirable silage. Such carbohydrate depletion is 
seldom encountered with corn silage. 

The pH of silage treated with urea was usually found to be higher than the pH 
of control corn silage (Davis et al., 1944; Bentley et al., 1955; Platikanov 
and Sandev, 1963). Klosterman et al. (1963) postulatedlligher pH and elevated 
levels of lactic acid were due to buffering of fermentation acids, and this re
sulted in prolonged fermentation and increased concentrations of bacterial end 
products. Higher lactic and acetic acid contents were usually associated with 
urea additions (Klosterman et al., 1963; Windheuser et al., 1935) and were 
further increased by limestone--a:dditions (Johnson andMcClure, 1968). 

Addition of urea to fermented silage did not stimulate further gas production 
according to Dexter (1966), but addition of limestone, neutralizing some of the 
organic acids produced, resulted in increased gas production. If urea remains 
intact, no increase in gas production would be anticipated. However, with in
creased degradation of urea in silages of higher dry matter content (Polan 
et al., 1967), increased volumes of gas would be expected (Dexter, 1966). 
Ammonia odors have been reported by Harvey et al. (1963), Davis et al. (1944) 
and Bentley et al. (1955) with high amounts-Of---added urea. Ammonia---release will 
be influencedbyurea level, degree of urea breakdown and pH. The high solu
bility of ammonia and the low pH of silage, (ammonia pKb, 4.75 at 25° C; one
half ionized at pH 9,25,(Handbook of Chemistry and Physics, 1965)), should 
reduce loss of gaseous ammonia. Ammonia loss during dry matter determination 
may be extensive (Huber et al., 1968). 

Increased concentrations of ammonia and non-protein nitrogen are commonly ob
served on fermentation with non-protein nitrogen sources (Johnson et al., 1967; 
Schaadt and Johnson, 1967). Even without added non-protein nitrogen,"""'true 
protein content decreased and non-protein nitrogen increased during fermenta
tion (Windheuser et al., 1935; Gulyi et al., 1955; Johnson et al., 1967). De
gradation of true-Protein may be reducedlJy urea additions "(Platikanov and 
Sandev, 1962). 
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Urea additions to corn silage, according to Wetterau (1959), Modyanov et al. 
(1960) and Rayetskaya et al., (1964), resulted in higher final levels of true 
protein. Studies with°""T5'N""urea by the latter group indicate such additions may 
both increase bacterial synthesis and spare natural protein. Results of work 
by Johnson et al. (1967) are in agreement with the higher retention of nitrogen 
in the true-Protein form when urea and limestone additions were made to ensiled 
corn plants harvested at the later stage of maturity. Since urea is a denaturing 
agent at moderate concentrations and enzymes vary in sensitivity to urea 
(Kauzroann, 1954), an interesting but unsubstantiated hypothesis is that plant 
proteolytic enzymes, which are responsible for proteolysis in silage, are de
natured or inhibited by urea addition. 

Urease presence in fresh corn tissue was hypothesized by Karr et al. (1965) due 
to increased ammonia concentrations noted for unfermented forage following addi
tion of urea. Urease activity in all fermented corn silages examined, tested by 
incubating silage with urea and measuring ammonia released, showed rapid ammonia 
release at 37° C but delayed response at room temperature (Hastings, 1944). 

Varied recoveries of intact urea following fermentation have been reported, from 
4 to 8'C1/o (Bentley et al., 1955; Huber et al., 1968; Gorb and Lebedinski, 1960; 
Hatfield et al., l§b6}:" These discrepancies may be due to differences in 
moisture contents of the ensiled materials. Polan et al. (1967) suggested that 
in higher moisture ensilage a greater proportion of the urea remains intact 
through fermentation. 

Hydrolysis and dilution of urea in the silage mass should increase safety and 
palatability of diets containing urea (Bentley et al., 1955). But recent studies 
with diammonium phosphate indicated that ammonia-itself may be a potent appetite 
repressor (Oltjen et al., 1963), and the same repressor may be responsible for 
the lack of palatability of feeds with high urea concentrations (Huber et al., 
1968). Dilution with carbohydrate through ensiling may aid in prevention of 
toxicity and utilization of nitrogen from urea by assuring a more gradual in
take than may be found with urea in concentrate mixtures. 

Although nitrogen addition increases crude protein content, such addition may 
also increase crude protein loss (Davis et al., 1944). This observation is de
pendent on analytical procedures employe'Ci"(Polan et al., 1967; Huber et al., 
1968; Schaadt and Johnson, 1967). ~ ~ 

Recoveries of dry matter usually have been lower when ammonium carbonate or 
ammonium bicarbonate additions were made to silage material (Windheuser et al., 
1935) or when urea was added (Woodward and Shepherd, 1944; Wetterau, 1959).~ 
Energy losses through fermentation depend on metabolic pathways followed and 
end products formed. Wood (1961) states that energy available to bacteria 
through fermentation is only some 3% of the total combustible energy if the 
final products are alcohol or lactic acid. Further energy may be dissipated if 
the products of fermentation are propionic or butyric acids. 

The value of silage additions is a composite of two factors--change in fermenta
tion loss and change in feeding value of the final product. The former may be 
estimated in laboratory studies. In fact, fermentation loss is extremely diffi
cult to measure in large field-scale silos due to weighing difficulties (Otis 
and Liu, 1955). Feeding value of fermented material will be discussed later in 
this literature review. 
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Use of biuret. Following the synthesis of urea from liquid ammonia and carbon 
dioxide gas, via ammonium carbamate with heat and pressure, the urea must be 
recovered by evaporation and crystallization from a liquid solution. High tem
peratures for a long period of time during crystallization increase the biuret 
content of the preparation (Warren, 1967). Yields of other compounds not de
sired in urea synthesis, such as triuret and cyanuric acid, are increased by 
these high temperature conditions, also. When biuret is formed by this high 
temperature process, it is invariably contaminated with large quantities of 
urea and other materials. 

Biuret is of current interest because of animal tolerance at high levels 
(Meiske et al., 1955). Recent work by Farlin et al. (1968) and work from 
South AfricS:-of Gilchrist and Voss cited by Schwartz (1967) indicate that 
biuret degrading activity is a slow adaptive process. Microorganismal utili
zation of biuret as a nitrogen source has been repeatedly proven (Jensen and 
Koumaran, 1965; Nishihara et al., 1965; Jensen and Schroder, 1965; Wheldon and 
MacDonald, 1962). Ruminan:r-15N studies in Italy by Piva (1964) indicate that 
biuret nitrogen was incorporated into bacterial protein. This conflicts with 
reports of Belasco (1954) with nonadapted animals and Johnson and McClure (1964) 
who found no apparent biuret utilization. If biuret has a future as a nitrogen 
supplement for ruminants, it would appear to be in diets low in energy content 
or infrequently fed as under range conditions. A long term for adaptation may 
be necessary for improved utilization of biuret (McLaren, 1964). Biuret was 
found to be more stable during corn silage fermentation than urea by Karr et al. 
(1965). They also indicated that nitrogen retention of lambs fed silage con-~ 
taining biuret was superior to that for lambs fed silages containing urea. 

FEEDING EXPERIMENTS 

Results of extensive experiments are available from other parts of the world, 
particularly Eastern Europe. These data, however, may not be fully applicable. 
For example, much European work concerns "green corn silage". In the Eastern 
European area, due to the short growing season, dent corn is ensiled in the 
milk stage of maturity (Platikanov and Sandev, 1962). That chemical composition 
and fermentation are influenced by stage of maturity at harvest was well demon
strated by Johnson et al. (1966a, 1966b, 1967). 

Feeding value of silage is also difficult to estimate, particularly when silage 
is supplemented with non-protein nitrogen. Frequency of feeding will influence 
nitrogen retention from non-protein nitrogen sources (Campbell et al., 1963). 
Since solubility of the nitrogen supplement will influence rate of ammonia 
release and nitrogen retention, use of natural protein for comparison will place 
soluble non-protein nitrogen supplements at a disadvantage. 

Ideally, for evaluating ensiled non-protein nitrogen, use of two control treat
ments is desirable--one of unsupplemented basal silage to test the necessity of 
protein supplementation, and a second basal treatment in which the basal silage 
is supplemented with non-protein nitrogen at feeding time. The latter comparison 
will test the effect of time of supplementation. A third type of trial compares 
silage containing ensiled crude protein with control silage when both diets are 
equally and adequately supplemented with crude protein at feeding time. Care 
must be used in interpretation of results of this comparison since additional 
dietary nitrogen may influence animal performance. In contrast to ensiling 
crude protein with the objective 
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of supplying a portion of the nutritional requirements, these experiments have 
used ~rea simply to extend fermentation. Benefits obtained due to ensiled crude 
protein with further supplementation at feeding time must be sufficient to justify 
the additional expense of ensiled crude protein above the dietary requirements. 

Fifty individual comparisons with ensiled materials used in feeding trials and 
nine metabolism trials are reported in the following tables. Results of work 
with ensiled non-protein nitrogen for dairy cattle feeding have not been in
cluded in this review. 

As noted from table 1, many of these feeding trials compared ensiled non-protein 
nitrogen supplementation to no nitrogen supplementation whatever (negative control). 
Benefits of nitrogen supplementation were observed, in most of these trials, in 
average daily gain or feed conversion efficiency. This indicates that in the 
majority of situations, whole plant corn silage is deficient in crude protein for 
optimal production as might be anticipated from the analyses cited earlier. 

A second type of trial, shown in table la, in which all diets were equally supple
mented at feeding time showed no beneficial effect of ensiling additional urea. 
In tables 2 and 2a are shown results from experiments comparing ensiled non
protein nitrogen to feeding time supplementation with natural protein sources or 
with non-protein nitrogen. Animal weight gains and feed conversion efficiencies 
were generally superior with natural protein supplementation as compared to en
siled non-protein nitrogen. No consistent differences were apparent when time of 
addition of the non-protein nitrogen source was tested by comparing ensiled urea 
with feeding time addition of the same amount of urea. 

Performance of animals was generally improved by addition of limestone and urea 
to ensiled forage, but results were not conclusive (table 3). Feed conversion 
efficiency appeared to favor ensiling of these supplements particularly when 
efficiency was based on feed dry matter as compared to wet matter feed efficiency. 
One explanation for increased animal performance noted with ensiled urea and lime
stone advanced by Klosterman et al. (1963) is increased voluntary consumption of 
silages high in organic acid content. Some trials with limestone additions to 
ensiled material (table 4) show a trend toward increased animal performance with 
ensiled limestone, particularly as measured by feed conversion efficiency. Other 
trials with limestone addition to corn plant material for dairy cattle (McCullough 
et al., 1964; Simkins et al., 1964; Kesler et al., 1964; Byers et al., 1964) and 
witll"imroature corn silage--ror steers (Nicholson-and Cunningharo,"""'I9b4) have failed 
to show beneficial results of such supplementation. 

Energy additions to corn silage also appear to vary in benefit due to time of 
addition, but results from Minnesota, Ohio and Illinois (table 5) appeared 
promising. Goodrich and Meiske (1966) indicated that some portion of the carbo
hydrate may increase in digestibility as a result of ensiling. 

Metabolism trials, shown in table 6, generally confirm the benefit of non-protein 
nitrogen additions as compared to negative controls. Apparent digestibility of 
dry matter and of crude protein appear improved as compared to the negative con
trol. The additional crude protein may be responsible for the increased dry 
matter digestibility, and solubility and absorption of non-protein nitrogen for 
the increased crude protein digestibility. True nitrogen retention exhibited no 
definite trends with ensiled crude protein. Goodrich and Meiske (1966) indicated 
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that ammonium salts may be less readily retained by ruminants than intact urea 
used in the feeding time comparison. 

A sliding scale for addition of urea, dicalcium phosphate or limestone and salt 
to ensiled corn material has been developed by Hatfield and Garrigus (1967). This 
guide recommends different amounts of supplementation depending on the moisture 
content. For corn plant material of 40'/o dry matter the additions recommended were 
0.65% urea, 0.13% dicalcium phosphate and 0.2C!1/o trace mineralized salt. Further 
guidelines were presented for "balancing" the complete diet with ensilage addi
tions for diets composed of one-third silage and two-thirds corn grain. 

Diammonium phosphate was evaluated as an addition to ensiled whole plant and ear 
corn material by Johnson et al. (1965; 1967). Although crude protein recoveries 
following fermentation with this product were high, the 2.84% diammonium phosphate 
silage was definitely unpalatable compared to one per cent diammonium phosphate 
or 0.5% urea and 0.5% limestone. One per cent diammonium phosphate is approximately 
isonitrogenous with 0.5% urea. The high mineral content of silage with one per 
cent diammonium phosphate plus 0.5% limestone added appeared to depress digesti
bility. 

Other compounds have been evaluated in extensive European work. In Polish work, 
0.5% urea, ammonium sulfate or equivalent ammoniated water were added to corn 
ensilage (Abgarowicz et al., 1963). Quality decrease, measured on a Russian scale 
using pH, visual and olfactory criteria, was greatest with added urea. Feeding 
value for dairy cows was increased more by ammonium sulfate than by one per cent 
urea in Rus s ian trials (Modya.nov, 1958). Discussion from this work indicated 
that the sulfate ion may hinder fermentation and enhance silage preservation. 
Work from East Germany reported 1.1% ammonium sulfate equal to 0.5% urea in crude 
protein digestibility when these compounds were used as isonitrogenous corn silage 
additions (Wetterau, 1961). 

In vitro trials with ammonium nitrate from Russia produced results comparable t o 
ammonium sulfate (Gulyi et al,, 1955). The practicality of this finding, in view 
of the toxicity of nitrate,"""is open to question. 

SUMMARY 

Corn s ilage generally contains inadequate amounts of crude protein for optimal 
production. The need for crude protein supplementation was shown by the increased 
feed consumption and production resulting when cattle and sheep were fed silage 
supplemented with non-protein nitrogen. However, when urea or some other non
protein nitrogen sources were added at 0.23 to 0.45% of wet matter weight, greater 
dry matter losses and possibly greater fermentation losses occurred. Whether non
protein nitrogen additions were made before or after fermentation made little 
difference in animal performance. 

Limestone, like urea, appeared to increase fermentation when added to ensiled 
forage. Results of feeding trials indicated that increased efficiency of dry 
matter utilization may be possible through the addition of limestone to ensilage. 
Since increased concentrations of volatiles with added limestone or urea are 
often reported, greater loss of volatiles during dry matter analyses may be an
ticipated. Loss of volatiles during drying may be important in interpretation 
of animal efficiency data. Dicalcium phosphate has received such limited 
research that no conclusions may be drawn. Results of trials with complete 
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ensiled rations are promising, particularly from the standpoint of increasing 
apparent digestibility of the added carbohydrate. In general, if fermentation 
and spoilage losses are not increased by addition of these compounds, their 
addition at ensiling time could be recommended. 
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Table 1. Swnmary of results of feeding trials. I. Ensiled crude protein vs. no crude protein additions 
to corn silage. 

Reference 

Goode et al. (1955) 

Bentley et al. (1955) 

Modyanov et al. (1958) 

Kozmanisvili (1959) 

Gorb and Lebedinsky 
(1960) 

Katsarov et al. (1962) 

Meiske and Goodrich 
(1968) 

Urea 
level 

0.5°/o 

0.5°/o 

l.(Jl/o 

o.6°/o 

0.75% 

o.65% 

o.4% 

0.5°/o 

Test Feeding 
animal method 

Cows limited 

Calves ad lib. ---

Steers ad lib. ---
Sheep 

Lambs 

Bulls 

Sheep 

Calves ad lib. ---

Daily gain (lb.) 
Treated Control 

-.89 -1.031 

0.65 0.76 

1.82 1.62 

0.20 0.10 

0.18 0.10 

1.83 1.66 

"No ill effects" 

1.71 1.16 

Feed conversion efficiencya 
Silage wet matter Silage dry matter 
Treated Control Treated Control 

1073 1217 373 428 

750 890 

(674)b (894)b 

Table la. Summary of results of feeding trials. II. Ensiled crude protein with all diets supplemented 
equally at feeding time. 

-----------------------------------------------------------------------------------------------------------
Harvey et al. (1962) 0.5°/o Calves ad lib. ---
Harvey et al. (1963) 0.5°/o Calves ad lib. ---
a Pounds feed required for 100 pounds gain in weight. 
b Total diet dry matter feed conversion efficiency. 

1.59 1.76 903 820 

1.45 1.48 971 928 
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Table 2 . Summary of r esults of feeding trials. I. Ens iled crude protein vs. feeding time supplementation 
with natural Erotein sources . 

Feed conversion efficiencya 
Urea Test Feeding Daily gain ~lb.~ Silage wet matter Sila~e dry matter 

Reference level animal method Treated Control Treated Control Treated Control 

Goode et al. (1955) 0.5% Cows limited -. 89 -. 54 

0 . 5% Calves ad lib. 0.65 1.12 ---

Bentley et al . (1955 ) 0.85% Calves ad lib. 1.90 2 .16 1132 966 387 320 ---
l.Oa/o Steers ad lib. 1.82 1.87 1073 lo66 373 375 ---

Modyanov et al. (1958 ) 0 . 65% Sheep ad lib. 0.18 0.19 ---
Garb and Lebedinsky o.65% Bulls --- 1.83 1.96 --- --- 750 720 

(1960 ) 

Modyanov et al . (1960) 1% Sheep --- "Equal weight gains" 

Harvey et al. (1964) l.Oa/o Calves ad lib. --- 1.59 1.61 874 865 239 267 

Jordan et al. (1965 ) 1. 01/o Calves ad lib. 1.40 1.46 1002 961 286 258 --- ---
Owens et al. (1967 ) 0.5% Calves ad lib. 1.87 2. 17 1332 1281 425 436 --------------------------------------------------------------------------------------------------------------
Table 2a. Swnrnary of results of feeding trials . II. Ensiled crude protein vs . feeding time supplementa

tion with non-protein nitrogen. 

Bentley et al . (1955) 1.25% Steers ad lib. 1. 70 --- 1. 79 1311 1165 456 429 

1. 01/o Steers ad lib. 1.82 1. 73 1073 1143 373 402 ---
Owens et al. (1967) 0.5% Calves ad lib. 1.87 2.00 1332 1338 425 456 ---
Meiske and Goodrich 0 . 5% Calves ad lib. 1.71 1. 73 --- --- 440 444 

(1968) 
---

(674 )b (678 )b 

a Pounds feed required for 100 pounds gain in weight. 
b Total diet dry matter feed conversion efficiency . 



Table 3. Summary of results of feeding trials using ensiled limestone and urea. 

Feed conversion efficienc~a 
Test Feeding Daily ~ain {lb.~ Silage wet matter Silage dry matter 

Reference Addition level animal method Treated Control Treated Control Treated Control 

Klosterman et al. 0.5°/a limestone Heifers ad lib. 1.89 1.70 768 8o6 257 254 
(1963) 

--- 0. 5°/a urea 
---

Heifers ad lib. 1.75 1.65 785 825 279 285 ---
Heifers ad lib. 1.83 1.77 807 853 280 281 --

with ear corn Steers ad lib. 2.16 -- 1.98 857 867 445 490 
silage 
with ear corn Steers ad lib. 2.09 2.o6 822 798 427 452 ---silage 

Newland and Henderson 
(1965) 0.5°/a urea Heifers ad lib. 1.99 1.84 1559 1762 500 581 

I 0. 5°/a limestone --
~ 

Hatfield et al. 0. 5% limestone Calves ad lib. 2.02 1.97 
(1966)- - O.&/o urea --

with ensiled 
ground corn Steers ad lib. 2.48 2.34 --- --- 73ob 77ob --

Lambs ad lib. 0.29 0.32 --- --- 87ob 79ob --
Newland and Henderson 

(1967) 0.5°/a urea 
0. 5°/a lime stone Heifers ad lib. 2.23 2.27 1774 1670 585 615 ---vs. 
0.5°/a limestone 

a Pounds feed required for 100 pounds gain in weight. 
b Total diet dry matter feed conversion efficiency. 



Table 4. Summary of results of feeding trials using ensiled limestone. 
Feed conversion efficiencla 

Test Feeding Daily gain ~lb.L Silage wet matter Silage drl matter 
Reference Addition level animal method Treated Control Treated Control Treated Control 

Harvey et al. 0. 5°/o limestone Calves ad lib. 1. 71 1.76 842 820 
(1962) - --

Harvey et al. 0. 5°/o limestone Calves ad lib. 1.48 1.48 935 928 
(1963) - --

Klosterman et al. l°/o limestone Steers ad lib. 2.32 2.35 1454 1378 410 424 
(1963) 

-- ---
l°/o limestone Steers ad lib. 2.17 --- 2.15 1107 1127 600 594 
to ear corn 
silage 

I 
l°/o limestone f:s Steers ad lib. 2.07 1.81 918 905 492 538 ---plus water 

1. 5°/o limestone Steers ad lib. 2.49 -- 2.32 666 632 361 397 
to ear corn 
silage 

Nicholson and 
Cunningham l°/o lime stone Heifers ad lib. 1.24 1.98 --- --- 612 449 
(1964) 

---

Cmarik and 0.5°/o limestone Steers ad lib. 1.38 1.37 2236 2204 796 780 
McKibben (1966) --

a Pounds feed required for 100 pounds gain in weight. 



Table 5. Summary of results of feeding trials comparing complete ensiled diets with feeding time additions 
of energy and protein. 

Levels of addition ~%2 Feed conversion efficiencl 
Soybean Corn Daily gain ~lb.l Diet wet matter Diet dry matter 

Reference Urea meal grain Ensiled Fed Ensiled Fed Ensiled Fed 

Kolari et al. 0 4.o 20.0 1.87 1.89 1416 1403 628 624 
(1963) -

Harvey et al. 0 4.o 20.0 1.43 1.69 1913 1847 927 919 
(1964a)-

Harvey et al. 0 4.7 24.4 1.63 l.6la 1322 1340a 678 68oa 
(1964b)-

0.7 0 29.0 1.55 l.61a 1392 1340a 711 68oa 

Jordan et al. 0.7 0 28.6 1.60 l.46b 1352 1482b 651 71ob 

I 
(1965) -

4.8 23.8 1.62 l.46b 1336 1482b 680 71ob 0 
.j::>. 
w 

Karr et al. 1.0 0 28.4 0.38 0.37 1295 1296 617 676 
(1955) 

Klosterman et al. 0.5 + ear corn 2.17 2.27 1286 1349 525 569 
(1965) -- vs. feeding time addition of 

0.673 urea, 20.53 ear corn 

vs. feeding time addition of 1.83 1.89 1875 1557 782 758 
5,13 soybean meal, 16.9% 
ear corn 

Hatfield et al. o.8 0 23.4 2.25 1.80 --- --- 660 760 
(1966)- - +0.53 salt, 0.53 limestone 

Goodrich and 
Meiske (1966) 0,73 0 28.5 1.71 1.53 1310 14o6 749 828 

0.73 0 28.5 1.45 1.40 1489 1546 825 857 

a,b Numbers with same superscripts are from same control dietary treatment. 



Table 6. Swnmary of results of lamb metaboli sm trials conducted to evaluate ensiled crude protein . 

Reference 

Bentley et al . 
(1955) -

Wetterau (1959) 

Gorb and Lebedinsky 
(1960) 

Platikanov and Sandev 
(1962) I 

.j:>.. 

.j:>.. Karr et al . 
(1"§b5) 

Johnson et al . 
(1965) -

Goodrich and Meiske 
(1966) 

Albert et al. 
(1967} -

Crude protein 
source and quantity 

1. 25% urea 

0 . 5% urea 

o.65% urea 

0. 5% urea 

0. 5% urea + 
ground corn grain 

l . Oa/o diamrnonium 
phosphate 

0. 5% urea + 
0 . 5% limestone 

0.75% urea+ 28 . 4% 
ground corn grain 

1.25% urea + 
complex supplement 

Apparent digestibili ty (%) 
Control 

comparison 
Dry matter Crude protein 

Ensiled Control Ensiled Control 

No supple- 73.4 
mental protein 

No supple- 73 .4 
mental protein 

No supple- 67 .5 
mental protein 

No supple- 62.6 
mental pr otein 

Feeding 74 .2 
time addition 

No supple- 70 .6 
mental protein 

No supple - 70 .4 
mental protein 

Feeding 76 .0 
time addition 
of both supplements 

8% soybean 48 .6 
meal added at 
ensiling + 
complex supplement 

74.4 77 ,7 60 .5 

73 .1 71.0 54 .6 

65 .8 59 ,3 56 .6 

61.5 72 .9 68 .o 

70 .2 60.6 65 .6 

67 .8 

67 .8 

76 .1 67 .5 66. u 

50 .3 

Nitrogen retention 
(gm./ day ) 

Ensiled Control 

2.9 1.6 

-2.8 - .7 

2.7 1.0 

1. 5 2.6 

8.7 10 .1 
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CAUSES AND METHODS OF PREVENTION OF PHOSPHATIC 
URINARY CALCULI IN FEEDLOT LAMBS 

Royce J. Emerick 
Station Biochemistry Department 

South Dakota State University 

Urinary calculi formed under feedlot conditions are, with relatively few 
exceptions, of the phosphatic type composed principally of calcium, magnesium 
and ammonium phosphates. On the other hand, urinary calculi in range animals 
are generally of the siliceous type having silica (Si02) as their main con
stituent. Research described herein and the ensuing discussion deal only with 
the phosphatic type of urinary calculi. 

Many questions as to the cause and prevention of urinary calculi remain unan
swered at present. However, several experiments have been conducted and the 
results provide a basis for a better understanding of this problem and its 
control. Early workers focused attention upon a variety of factors including 
specific feeds, vitamin A deficiency, hard water, a high magnesium content of 
the ration and an alkaline urine as causes of ovine phosphatic urinary calculi. 
Most of these studies were conducted prior to 1950. Later, Lindley et al. 
(1953) used KH2P04 in preparation of a ration containing approximately 1.4% 
phosphorus. This ration fed to lambs produced a high incidence of urinary 
calculi. In this instance, they attributed the calculogenic effect to the 
high phosphorus intake. Elam et al. (1956) subsequently fed phosphoric acid 
and potassium carbonate at similar levels of phosphorus and potassium and con
cluded that the combination of phosphorus and potassium was responsible. 

In our initial studies (Emerick et al., 1959), lambs developing urinary 
calculi were observed to have highly elevated plasma and urinary phosphorus 
levels when compared with calculi-free lambs even though all were receiving 
diets containing only 0.25% phosphorus. Several experiments were subsequently 
conducted at the South Dakota Agricultural Experiment Station to determine the 
extent that phosphorus and other causative factors may be involved in phos
phatic calculogenesis, and to establish methods for calculi prevention. 
Pertinent aspects of this study and conclusions drawn from it are reported 
below. 

Feeder lambs of Texas origin were used in all experiments and experimental 
periods were 84 to 131 days in duration. Lambs afflicted with obstructive 
urolithiasis died or were slaughtered when death appeared certain. Lambs 
remaining at the termination of the experiment were slaughtered and the uri
nary tracts were examined for calculi. The recorded incidence of urinary 
calculi included all lambs found to have urinary mineral deposits whether or 
not obstructive urolithiasis occurred. Diets having approximately 11% crude 
protein content contained ground shelled corn and soybean meal in all 
instances with the concentrate being fed at a ratio of 0.5:1 with silage (wet 
basis) or 4:1 with alfalfa hay. In one experiment an all-concentrate diet 
was fed. 
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CALCULOGENIC EFFECTS OF ELEVATED LEVELS OF DIETARY PHOSPHORUS 

This experiment (Emerick and Embry, 1963) was conducted to determine the rela
tive effectiveness of various dietary calcium and phosphorus levels for the 
experimental production of urolithiasis in lambs. Three levels of phosphorus 
(0.33, 0.62 and 0.81% P added as Na2HP04) and three levels of calcium (0.44, 
0.71 and 0.96% Ca added as ground limestone) were fed in various combinations 
in a ration composed principally of corn, soybean meal and corn silage. 
Dietary calcium and phosphorus levels comprising the experimental treatments, 
and the experimental results, are shown in table 1. 

Table 1. Effect of various calcium and phosphorus levels on the incidence of 
urinary calculi in lambsa 
Treatment5 Urinary calculi Serum 

Ca p incidence phosphorus 
(%) (%) (%) (mg. /100 ml.) 

0.44 0.33 0 8.3 
0. 71 0.33 0 8.0 
0.96 0.33 0 8.2 

0.44 0.62 31 8.6 
o. 71 0.62 7 8.2 
0.96 0.62 12 8.0 

0.44 0.81 73 9.8 
o. 71 0.81 33 9.4 
0.96 0.81 25 8.5 

a From data reported by Emerick and Embry (1963). 

b 14-16 lambs per treatment. 

The occurrence of urinary calculi was restricted to groups receiving the two 
higher levels of phosphorus with the greatest incidence occurring in groups 
receiving the highest level. The mineral deposits were composed principally 
of calcium and magnesium phosphates in all instances. In the lambs fed 0.62% 
phosphorus and 0.44% calcium, a total of 31% developed urinary calculi. Lambs 
fed the same level of calcium and 0.81% phosphorus had a urinary calculi 
incidence of 73%. The incidence of urinary calculi was greatly reduced, but 
not completely prevented, when the calcium content of the ration was increased 
by the addition of ground limestone. The numbers of lambs developing calculi 
in the high-calcium groups were approximately one-third as high as observed 
for the low-calcium groups. 

Average plasma phosphorus values determined after 60 days tended to be highest 
in groups having the highest incidence of urinary calculi, and increasing the 
level of dietary calcium resulted in lower serum phosphorus levels especially 
when used in conjunction with the higher levels of dietary phosphorus. These 
data illustrate the importance of high dietary phosphorus levels as a cause of 
phosphatic urinary calculi and indicate that maintenance of equally high 
calcium levels may offer some degree of protection. The extent of protection 
that may be expected from even higher levels of calcium is shown in a 
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subsequent experiment described herein. 

A COMPARISON OF THE CALCULOGENIC EFFECTS OF VARIOUS DIETARY PHOSPHATES 

This experiment (Bushman et al., 1965a) was conducted to determine the influ
ence of variations in the chemical form of dietary phosphates on the incidence 
of urinary calculi in wether lambs. Treatments in the form of additions to 
the rations consisted of the following: no added phosphorus, disodium phos
phate (Na2HP04), sodium tripolyphosphate (Na5P3010), monosodium phosphate 
(NaH2P0 4) and dicalcium phosphate (CaHP04•2H20). All phosphorus supplements 
provided an additional 0.35% phosphorus on an air-dry basis in a corn, soybean 
meal and silage (sorghum and corn silage) ration already containing 0.25% 
phosphorus. Each phosphorus source was fed with two levels of calcium (0.31 
and 0.58% of the air-dry ration) with the exception of dicalcium phosphate 
which was fed only with the higher calcium level due to the inherent calcium 
content of this phosphorus source. In rations containing the sodium phos
phates, ground limestone provided the supplemental calcium. Pertinent data 
from this experiment are reported in table 2. 

Table 2. Calculogenic effects of various dietary 

Treatmentb Urinary 
Source of added calculi 

Ca p phosphorus incidence 

(%) (%) (%) 

0.31 0.25 None 0 
0.31 0.60 NaH2P04 68 
0.31 0.60 Na2HP04 74 
0.31 0.60 Na5P3010 60 

0.58 0.25 None 0 
0.58 0.60 NaH2P04 25 
0.58 0.60 Na 2HP04 42 
0.58 0.60 Na5P3010 20 
0.58 0.60 CaHP04 0 

a From data reported by Bushman et al. (1965a). 
b 19-20 lambs per treatment. 

phosphates a 

Serum Urine 
phosphorus phosphorus 

(mg. /100 ml.) (mg. /100 ml.) 

7.0 3 
10.1 45 
11.1 41 
10.8 48 

6.9 3 
10.S 30 
10.4 32 

9.6 28 
8.2 15 

Urinary calculi were restricted to the groups receiving the added phosphorus 
in the form of sodium phosphates and there were no significant differences in 
the incidences of calculi in lambs on these treatments. In contrast to the 
high urinary calculi incidence obtained with the various sodium phosphates, 
no calculi occurred in lambs receiving dicalcium phosphate. Increasing the 
calcium level from 0.31 to 0.58% gave partial protection (P < .OS) in all 
instances from the calculogenic effects of the sodium phosphates. In groups 
fed the lower level of calcium, 60 to 74% of the lambs developed calculi. 
Values for corresponding groups fed the higher level of calcium were 20 to 
42%. 

Higher serum and urinary phosphorus values were observed for lambs receiving 
the calculogenic, sodium phosphate treatments. The lower serum and urine 
phosphorus levels of lambs fed dicalcium phosphate, and subsequent balance 
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studies with rats (Bushman, 1967), indicate that the lower urinary calculi 
incidence associated with the feeding of dicalcium phosphate is related to a 
lower phosphorus availability when compared with the other sources used in 
this experiment. 

INFLUENCE OF DIETHYLSTILBESTROL ON PHOSPHATIC UROLITHIASIS 

Increases in the incidence of urinary calculi have been associated with the 
use of diethylstilbestrol (DES) in feedlot lambs (Udall and Jensen, 1958; 
Bell~ al., 1954; Wilkinson~ al., 1955). While implants of 15 and 30 mg. 
of DES have generally been involved, current usage in lambs is limited to much 
lower levels (3 mg. as implants or 2 mg. daily in the feed). An experiment 
(Emerick and Embry, 1964) was conducted to determine if the low levels of DES 
currently in use contribute to urinary calculi either under normal conditions 
or conditions of elevated phosphorus intake. 

A total of 216 lambs, consisting of two-thirds wethers and one-third ewes, 
were used in nine treatment groups. DES treatments included no DES, 3 mg. DES 
implanted and 2 mg. DES per lamb daily in the feed. The DES treatments were 
used with three dietary calcium and phosphorus levels as shown in table 3. 

Table 3. Effect of diethylstilbestrol (DES) on urinary calculi 
lambs fed various levels of calcium and phosphorusa 

Treatment'6 Urinary 
Ca p DES Wet hers 

(%) (%) (%) 

0.51 0. 35 None 0 (O) 
0.51 0.35 Implantd 12 (6) 
0.51 0.35 Orale 12 (0) 

0.51 0.80 None 80 (40) 
0.51 0.80 Implant 53 (33) 
0.51 0.80 Oral 67 (33) 

0.90 0.80 None 62 (25) 
0.90 0.80 Implant 56 (19) 
0.90 0.80 Oral 13 (13) 

a From data reported by Emerick and Embry (1964). 
b 15-16 wethers and 6-8 ewes per treatment. 

calculic 
Ewes 

(%) 

0 (O) 
0 (0) 

12 (0) 

43 (0) 
67 (0) 
38 (0) 

50 (O) 
12 (0) 
12 (0) 

incidence in 

Serum 
phosphorus 

(mg. /100 ml.) 

8.88 
8.74 
8.15 

11. 33 
11.17 
10. 56 

10.40 
10.34 
10.51 

c Figures are for total (obstructive plus non-obstructive) calculi; figures 
in parenthesis are for obstructive calculi incidence only. 

d 3 mg. DES implanted subcutaneously. 
e 2 mg. DES per lamb daily in the feed. 

A high incidence of urinary calculi was achieved by feeding the higher level 
of phosphorus. However, neither DES implants nor DES administered orally 
significantly increased the incidence. When lambs are considered without 
regard to calcium and phosphorus treatments, wethers on the various DES 
treatments showed the following incidence of calculi: no DES, 46.8%; DES 
implanted, 44.7% and DES administered orally, 30.4%. The incidence of urinary 
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calculi for ewes on these treatments was 30.4, 22.7 and 20.8%, respectively. 
The difference in calculi incidence between wethers and ewes was largely due 
to the lack of obstructive cases in the latter. In groups of wethers receiv
ing the lower level of phosphorus, urinary calculi occurred only in the two 
groups of lambs treated with DES. This involved two of the 16 lambs in each 
treatment group. In each treatment both cases occurred in one replicate, and 
there was only one obstructive case. 

Obstructive urolithiasis accounted for approximately one-half of the total 
urinary calculi incidence in wethers with no significant difference in this 
respect between those receiving DES and those not receiving it. Udall and 
Jensen (1958), using higher levels of DES than those used in this experiment, 
observed an increase in obstructive urolithiasis in lambs without any increase 
in non-obstructive cases. The effect was interpreted as being related to 
physical changes in the urogenital system, a condition which does not appear 
to have occurred to a detrimental extent with the levels of DES used in this 
experiment. 

PROTECTIVE EFFECT OF DIETARY CALCIUM AND MAGNESIUM 

The addition of calcium to high-phosphorus, calculogenic rations in studies 
outlined above has been shown to lower serum and urine phosphorus values and 
reduce the incidence of phosphatic urinary calculi. However, the levels of 
calcium used generally provided only partial protection from urinary calculi. 
Variation in magnesium metabolism has been implicated as a causative factor of 
phosphatic urinary calculi by Kunkel ~ al. (1961) who observed a positive 
correlation between serum magnesium levels and the incidence of calculi, and 
by Crookshank and Robbins (1962) who reported a reciprocal relationship between 
the urinary excretion of magnesium and phosphorus in lambs. An experiment 
(Bushman et al., 1965b) was conducted to determine the influence of supple
mental magnesium on urinary calculi formation in lambs fed diets varying 
widely in calcium and phosphorus contents, and to determine if complete pro
tection from phosphatic urinary calculi can be obtained through calcium 
supplementation. 

Four levels of calcium, two levels of phosphorus and two levels of magnesium 
were used in rations in a 4 x 2 x 2 factorially designed experiment. A total 
of 256 wether lambs were allotted to the 16 treatments. The basal ration was 
of the corn, soybean meal, alfalfa hay type described previously. Experimental 
treatments and results are shown in table 4. 

A 41.8% average incidence of urolithiasis occurred in groups of lambs fed the 
0.55% of phosphorus. Increases in the level of dietary calcium in conjunction 
with the higher level of phosphorus were accompanied by decreases in the 
incidence of urinary calculi which were significant (P < .05) when calcium was 
increased from 0.37 to 0.77% or greater. However, complete protection did not 
appear to be provided even at the highest calcium level, a 12.5% (2 cases out 
of 16 lambs) incidence occurring in the group of lambs fed 1.27% of calcium 
with no added magnesium. 

Addition of 0.2% of magnesium (as MgO) to provide a total magnesium content of 
0.38% in the ration resulted in a decrease in the incidence of urinary calculi. 
With all levels of calcium used in this experiment, the added magnesium 
appeared to reduce the incidence of calculi to an extent comparable to the 
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Table 4. Relationship of dietary calcium, phosphorus and magnesium to urolithiasis in lambsa 

D i e t a r y m i n e r a 1 v a r i a t i o n sb 

Ca, % 0.37 0.3710.57 o.51 I o. 11 0.11 I i.21 1.27 0.37 o.31 I o.51 o.51 I o. 11 0. 77 I i.27 1. 27 
p, % 0.25 o. 25 I o. 25 0.2510.25 0.2510.25 0.25 0.55 o.55 I o.55 o.55 I o.55 o.55 I o.55 0.55 
Mg, % 0.18 0.38 0.18 0.38 0.18 0.38 0.18 0.38 0.18 0.38 0.18 0.38 0.18 0.38 0.18 0.38 

--

Calculi 
I incidence, % 0 0 7 0 I 6 0 I 0 0 I 73 62 I 69 50 I 38 31 I 12 0 

Sertnn values, mg./100 ml. 
Calcitnn 11.0 10. 9 111.0 11. o I 11. 2 11. 1 I 12. 3 11.0 7.8 9. 3 I lo. o 9.8 110.1 10.0 110. 6 10.3 
Phosphorus 6.9 7.5 7.2 6.9 6.6 7.2 7.1 7.1 9.3 12.1 8.6 9.5 9.9 9.1 8.4 9.6 

I 
O'I Magnesitnn 2.8 3. 1 1 2.5 3. 3 I 2.7 3.1 I 2.8 3.1 3.0 3. 9 I 3.0 3. 1 I 2.8 2. 5 I 2.6 3.5 

"' I 

Urine values, mg./100 ml. 
Calcitnn 7.2 5. 1 I 6.7 1. 3 I 6.0 6. 3 I 8.6 8.4 4.6 4. o I 4.0 3. 5 I 4.3 3. o I 4.4 5.7 
Phosphorus 3. 7 2.3 2.3 1.4 1. 9 1. 7 2.5 2.9 68 34 50 26 30 20 6 8 
Magnesium 107 174 I 89 197 I 163 201 I 142 211 72 110 I 61 104 I 105 106 I 123 126 

a From data reported by Bushman~ al. (1965b). 

b 13-16 lambs per treatment. 



reduction afforded by a similar amount of calcium. Complete protection was 
provided by 1.27% calcium and the added 0.2% magnesium. Extrapolation of the 
curve for calcium alone indicates that complete protection would have been 
provided with 1.47% calcium in this diet. It appears from these data that a 
calcium-to-phosphorus ratio exceeding 2:1 is required for optimal protection 
from urolithiasis in lambs fed high-phosphorus rations. However, this ratio 
may vary for calcium and phosphorus sources differing in availability from the 
ground limestone and disodium phosphate used in this experiment. 

The relationships between mineral content of the diet, urinary phosphorus 
levels and the incidence of urinary calculi are shown graphically in figure 1. 
A reduction in urinary phosphorus excretion with each increase in dietary 
calcium was paralleled by a decrease in the incidence of urolithiasis. While 
magnesium supplementation was more effective than calcium in lowering urine 
phosphorus values, it was no more effective in reducing the incidence of 
urolithiasis. An increase in serum magnesium and a concomitant decrease in 
urinary magnesium excretion appear to have resulted from the increased intake 
of phosphorus and are of doubtful importance in the causation of phosphatic 
urinary calculi. 

PROTECTIVE EFFECT OF ACID-FORMING SALTS 

In addition to the protective effect of calcium carbonate discussed above, 
other salts that have received attention as protective agents include sodium 
chloride (Elam et al., 1957; Udall, 1959, 1962), potassium chloride (Crookshank, 
1966) and ammonium chloride (Crookshank et al., 1960). Of these, ammonium 
chloride is known to give a measurable acidification of the urine (Leoschke 
and Elvehjem, 1954). Calcium chloride, not used previously for urinary cal
culi prevention, also provides some degree of urine acidification in addition 
to serving as a source of calcium. This study involving two closely related 
experiments (Bushman~ al., 1967, 1968) was conducted to compare the protec
tive effects of ammonium chloride, calcium chloride, sodium chloride and 
potassium chloride. The corn, soybean meal, alfalfa hay ration described 
previously was used. Treatment groups contained 19 to 24 lambs each. Levels 
of the various salts comprising the treatments, and the experimental results, 
are shown in table 5. 

The similar experimental conditions present in the two trials, and the 50% 
urinary calculi incidence that occurred in the high-phosphorus control group 
in each instance, indicate that the results of the two trials may be consid
ered jointly. Ammonium chloride and calcium chloride fed at levels of 1 to 
1.5% of the diet were effective in greatly reducing the incidence of urolithi
asis. Only a 4 to 5% incidence of calculi occurred in lambs fed 1 to 1.5% 
armnonium chloride or 1.5% calcium chloride. A 16% incidence was found in 
lambs fed 1% calcium chloride. Both armnonium chloride and calcium chloride 
were effective in reducing the alkalinity of the urine with the greatest 
effect being contributed by the former. 

The lowest level (0.5%) of ammonium chloride and calcium chloride, sodium 
chloride at levels of 0.5 to 4.0% and potassium chloride at a level of 1% 
offered little if any protection from calculi formation. Not only did the 
feeding of potassium chloride fail to offer protection, it resulted in an in
crease in urinary calculi with 85% of the lambs being afflicted in this 
instance. None of the treatments significantly altered urine phosphorus 
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Table 5. Influence of various salts on the incidence of urinary calculi in 
lambs fed a high phosphorus, calculogenic dieta 

Urinary calculi Urine 
Treatmentb incidence Volume Phosphorus pH 

(%) (ml. /day) (mg. /100 ml.) 

Trial 1 
Control 50 22 8.2 

0.5% NH4Cl 42 9 8.4 
1. 5% NH4Cl 4** 32 6.4** 

0.5% CaCl2 46 14 8.3 
1.5% CaCl2 5** 13 7.8** 

0.5% NaCl 38 18 8.4 
1.5% NaCl 33 12 8.2 

Trial 2 
Control 50 1227 24 8.7 
1% NH4Cl 5** 1295 39 8.4** 
1% CaCl2 16* 1942 15 8.6 
4% NaCl 35 2704 21 8.5 
1% KCl 85* 1172 22 8.7 

a From data reported by Bushman et al. (1967, 1968). 
b Diets contained 0.62 - 0.64% phosphorus and 0.33 - 0.37% calcium. 19-24 

lambs per treatment. 

* Significantly different (P < .05) than corresponding control value. 

**significantly different (P < .01) than corresponding control value. 

concentration even though the lambs fed 4% sodium chloride had an average 
urine volume that was more than twice that of the controls. These data, and 
mineral balance data reported and discussed in detail previously (Bushman 
et al., 1968), indicate that the chloride ion~ se offers little if any pro
tection, and the protective effect of anunonium chloride and calcium chloride 
can be attributed almost entirely to their acid-forming effects. 

THE CALCULOGENIC EFFECT OF SODIUM BICARBONATE IN ALL-CONCENTRATE LAMB RATIONS 

Alkaline buffers have been fed in all- or high-concentrate rations presumably 
to increase feed consumption and/or utilization. Thus far, little attention 
has been given to the calculogenic effects of these diets. The experiment 
described in part here and elsewhere (Hoar et al., 1968) was conducted to 
determine the extent to which 2% sodium bicarbonate (NaHC03) may contribute to 
the calculogenic nature of an all-concentrate diet. Corn, soybean meal diets 
containing 0.28 or 0.55% phosphorus were fed with and without 2% sodium bicar
bonate. Pertinent results are presented in table 6. 

The feeding of either the 0.55% phosphorus level or 2% sodium bicarbonate 
resulted in a high incidence of urinary calculi. While urinary calculi were 
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Table 6. Urinary calculi incidence as influenced by phosphorus content and 
sodium bicarbonate in an all-concentrate dieta 

Dietary mineral variationsb 

Ca, % 
P, % 
NaHC03, % 

Urinary calculi incidence, % 
Obstructive 
Total 

Urine data 
pH 
Voltnne, ml./day 
Ca, mg./100 ml. 
Mg, mg./100 ml. 
P, mg/100 ml. 

0.28 
0.28 

0 
3 

7.8 
610 

4 
83 
34 

a From data presented by Hoar et al. (1968). 
b 27-30 wether lambs per treatment:'" 

0.28 
0.55 

7 
85 

7.8 
884 

2 
41 
99 

0.28 
0.28 
2.0 

3 
63 

8.5 
750 

2 
48 
21 

0.28 
0.55 
2.0 

21 
83 

8.2 
1046 

1 
26 
70 

almost nil in lambs fed this all-concentrate diet containing 0.28% phosphorus, 
increasing the phosphorus to 0.55% yielded an 85% incidence. In corresponding 
groups of lambs fed 2% soditnn bicarbonate with 0.28 and 0.55% phosphorus, 63 
and 83% developed urinary calculi, respectively. In groups of lambs fed the 
higher phosphorus level, obstructive cases alone accounted for only an 8% 
incidence in the absence of sodium bicarbonate, but the incidence rose to 21% 
when this alkaline material was fed. The higher incidence of obstructive 
calculi in lambs fed sodium bicarbonate was undoubtedly related to the larger 
size of the deposits in this instance. Urinary mineral deposits that were 
recovered averaged 102 and 34 mg. from lambs with and without soditnn bicar
bonate, respectively. A higher average urinary pH, 8.4 versus 7.8, appeared 
to be the only calculogenic effect resulting from the feeding of sodium 
bicarbonate. 

These data indicate that the incidence and severity of urinary calculi is 
determined for the most part by the magnitude of urine phosphorus concentra
tions and the degree of urine alkalinity, the former being directly dependent 
upon the level of available dietary phosphorus, and the latter being dependent 
mainly upon the net alkali-forming effect of the diet. 

SUMMARY AND CONCLUSIONS 

In early work, an association was observed between high urinary phosphorus 
levels and the formation of phosphatic urinary calculi. Since that time, 
dietary phosphorus levels of 0.5 to 0.6%, representing about a two-fold 
increase over normal levels, have been used repeatedly for the experimental 
production of about a 50% or greater incidence of urinary calculi. In subse
quent experiments no other factor has been found to be, singularly, of com
parable importance. 
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The various phosphates comprising urinary calculi formed under feedlot condi
tions generally represent materials that have precipitated from an alkaline 
urine. The urine of cattle and sheep constnning common feedstuffs is normally 
alkaline, but dietary factors contributing to urine alkalinity, e.g. soditnn 
bicarbonate, increase the incidence of urinary calculi. Prestnnably, the effect 
of an increased urine alkalinity in increasing calculi formation is dependent 
upon the presence of urinary phosphorus concentrations exceeding some yet 
undefined minimum. Diethylstilbestrol used at currently reconnnended levels, 
and vari ations in dietary magnesitnn do not appear to be important causative 
factors. 

Most materials and methods offering some degree of protection against urinary 
calculi appear to involve at least one of the following mechanisms: (1) a 
lowering of urinary phosphorus levels, (2) an acidification of the urine, 
(3) an increase in urine voltnne. Of the various methods used successfully for 
urinary calculi prevention under experimental conditions, strict control of 
phosphorus levels and calcium-to-phosphorus ratios appear to be most appli
cable to practical feedlot conditions. The use of ground limestone to provide 
a ratio of 2 to 2.5 parts of calcitnn to 1 part of phosphorus in high
concentrate lamb rations has proved effective in lowering blood and urinary 
phosphorus levels and has yielded a high degree of protection against urinary 
calculi. 

Annnonitnn chloride and calcitnn chloride, having an acid-forming effect, have 
been effective in reducing urine alkalinity and offering protection against 
urinary calculi. Under the conditions of these studies, the inclusion of 1 to 
1.5% of these salts in high-phosphorus diets was shown to be an effective 
deterrent of calculi formation, but 0.5% of either of these was ineffective. 

The feeding of 4% soditnn chloride, contributing a two-fold increase in urine 
voltnne, has been reported by some workers to be an effective calculi prevent
ative, but was not highly effective in the studies described herein. Potassitnn 
chloride fed as 1% of a high-phosphorus diet was not only ineffective in 
calculi prevention, but resulted in a significant increase in urinary calculi. 
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PREFACE 

MEETING THE VITAMIN REQUIREMENTS OF TURKEYS 

H. s. Wilgus 
Department of Technical Services 

Roche Chemical Division 
Hoffmann-La Roche, Inc., Nutley, N. J. 

In keeping with the theme of this synposium, electronic computation of 
feed formulas, this presentation will be limited to the utilization of 
information readily available. A critical review of the subject matter 
is not attempted. 

The electronic computer is only an ultra-high-speed calculator, basically 
adding and subtracting digits, to which memory units have been added for 
the retention of numbers. The manual formulation system of referring to 
tables, punching keys, hand recording data, and remembering procedures and 
objectives is replaced by storing tables of ingredient values in the memory 
unit, providing detailed instructions (sequential equations) on how to do 
the job, and entering for each problem the applicable nutrient specifica
tions and the ingredient constraints and costs. In the matter of seconds 
or less, the computer calculates numerous possible formulas until it arrives 
at the least-cost one meeting the requirements for which it was instructed. 

The solution (formula) thus obtained is no better than the information and 
instructions fed to the machine. The results are often challenging, some
times shocking. The machine is a stern, rigid, unthinking disciplinarian. 
It requires the nutritionist to quantitate his cerebral processes (includ
ing his doubts, hunches, and prejudices) unequivocally into machine "lan
guage" and to be scrupulously accurate. Properly fed, the computer is an 
invaluable, stimulating, and instructional tool. Otherwise, it is as haz
ardous as an airplane in unskilled hands. 

The topic of this paper involves two primary considerations: (1) the vitamin 
values to be used for ingredients and (2) the vitamin levels to be specified 
in turkey rations. The nutritionist must commit himself to definite figures, 
with due consideration appropriate to his operations for the innumerable bio
logical and environmental factors that modify them. These factors, exem
plified in Table 1, have been well discussed by Scott (1966). 
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Table l, Factors Influencing Dietary Vitamin Specifications 

Requirements 

Genetics 
Biosynthesis 
Dietary Energy 
Dietary Fat 
Dietary Minerals 
Dietary Protein 
Dietary Vitamins 
Dietary Anti-oxidants 
Dietary Antimetabolites 
Climatic Conditions 
Floor Type 
Disease & Parasites 
Drugs 
Water Composition 

yITAM~ CONTENT OF ~GREDIENTS 

Variability 

Ingredient Values 

Genetics 
Weather 
Processing 
Storage 
Disease & Parasites 
Pro- & Anti-oxidants 
Biological Availability 
Biological Activity 
Reliability of Analysis 

The compilation of coefficients of variation for some common feed ingredients, 
incorporated in Table 2 from NRC Publication 1232 (1964), demonstrates the 
degree of confidence to place in them as sources of vitamins, 

Table 2, Ranges In Coefficient of Variation in Ingredients 

Corn Dist, Soybean Herring Dr, Maxi-
~rains D, Sols 1 Meal Meal Whey mtnn 

% % % % '7.. % 

Carotene 52- 82 82 
Vitamin E 9-50 50 
Thiamine 1.4-27 52 57 26 57 
Riboflavin 23-70 39 23 19 34 70 
Panto.Acid 17-42 57 28 53 29 57 
Niacin 29-41 21 21 46 51 51 
Pyridoxine 99- 99 
Biotin 21-99 60 41 99 
Choline 17-48 49 9 27 49 
Folic Acid 36-99 99 
Vitamin B12 69 69 
Grains a barley, corn, milo, wheat NRC 1232 

The limitations of data are more strikingly reflected in search for similar 
information on other ingredients, 

Increasing the nmnber of values for a single nutrient usually results in a 
decline in the CV but may increase the range, The danger in relying on one 
or two assays is obvious, 
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Nott and Combs (1967) have suggested that tables of average composition 
be based on the mean value of each nutrient reduced by one-half the standard 
deviation. They demonstrate by calculation that formulas based on such dis
counted values should safely approximate the desired ones. This approach is 
deemed desirable. 

These ranges in potency within an ingredient reflect the cumulative effects 
of the influencing factors outlined in Table 1. While these factors are 
well understood, comments on two of them are merited here. 

Reliability of Analysis 

Adequacy of sampling and accuracy of analytical techniques require constant 
vigilance. Errors from these sources can contribute considerably to vari
ability. Experiences within and between laboratories demonstrate this. The 
reliance on single analysis is all too common. Duplicate analyses greatly 
reduce chances of error. Use of the check-sample technique emphasizes the 
frequent needs for greater care, skill, and internal control. 

Biological Activity 

Chemical and microbiological assay methods are intended to measure chemical 
entities. They do not always measure biological activity. 

Carotene, as assayed, is often assumed to be converted fully to vitamin A in 
the body. Of the several carotenes, beta-carotene can be fully converted 
(mg x 1667=1.U. A) in the healthy animal if the level administered does not 
greatly exceed the minimwn vitamin A requirements. As the dosage exceeds 
this, efficiency of conversion declines. In practical rations, biological 
effectiveness is generally recognized to be only 30% (mg x 500). 

Vitamin A is assayed in feeds and feed supplements by the AOAC method. This 
color reaction (Carr-Price) measures all forms of this vitamin, some of 
which are of low or no activity, and also any traces of carotenes. In impure 
vitamin A products, the overestimation may be very high. The spectrophoto
metric method with the Morton-Stubbs correction factor is quite specific but 
is not feasible for feeds. 

The water-soluble vitamins as they occur in nature are generally mostly in 
"bound" form as components of the enzyme systems in which they operate. 
Availability to the animal may vary. Thus, most of the niacin in corn is 
unavailable. Pantothenic activity may also be impaired. Evidence continues 
to mount (Wagstaff et al., 1961, and Dobson, 1968) that the chick and poult 
find far less biotin in such cereals as wheat and milo than do the microbio
logical-assay bacteria. Wheat appears to have no effective biotin for these 
avian species and may even increase biotin requirements. Milo and barley 
appear to have effective levels similar to corn although microbiological 
assays show them to be higher. 

While the folic acid in brewers dried yeast appears to be utilized, the 
status of other sources is not fully clarified. 
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These examples of discrepancies between assay values and biological ef fec
tiveness render it difficult to establish finn minimum requirement figures 
for these vitamins in practical rations. 

Recent vitamin Values 

Numerous members of the feed trade provided Roche with feed ingredient 
samples several years ago for alpha-tocopherol and vitamin B6 assays. Re
sults on the fonner have just been published (Bunnell et al., 1968) and 
those for vitamin B6 are in press. 

The alpha-tocopherol data, Sl.lpplemented by those tabulated from the literature 
by Dicks (1965), provide reasonably comprehensive sources of vitamin E activity 
values for the feed industry. 

YITAMIN LEYELS 

Turkey Starting Rations 

The tabulation in Table 3 demonstrates the margins of safety over N.R.C. re
quirements (1966) presented by Scott (1966). 

Table 3, Vitamin Levels For Turkey Rations 
0-8 Weeks of Age 

Reguir~ents Allowances 
~ Scott Suggest* 

per kg per kg per kg per lb 

Vitamin-A, IU 4,000 11,000 11,000 5,000 
Vitamin-D3 , ICU 900 1,300 2,200 1,000 
Vitamin E, IU 10** 10** 4.5** 
Kl, mg. 0.7 2. 2.** 1. ** 
Thiamine, mg. 2 2 3 1.4 
Riboflavin, mg. 3.6 5 8 3.6 
Panto.Acid, mg. 11 16 20 9.0 
Niacin, mg. 70 75 80 36 
Pyridoxine, mg. 3 4 6 2.7 
Biotin, mg. ? .12 .11** .OS** 
Choline, mg. 1,900 2,000 2,000 900 
Folic Acid, mg. 0.9 1.5 105 .7 
Vitamin B12 , mg. .003 .012 .017 .008 
*Basis high energy rations **Added 
NRC, 1966 Scott, 1966 

Somewhat greater margins are suggested by us for some of the vitamins for 
the following reasons: 

1. Increasing use of higher energy rations. 

2. Increasing levels of fat additions. 
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3. Improving rate of growth. 

4. Less pounds of feed per pound of weight. 

5. More emphasis placed on variability in vitamin content of 
ingredients. 

6. Lower dietary levels of dehydrated alfalfa in efforts to raise 
nutrient density. 

These trends have occurred in the broiler industry during which time vitamin 
levels have been raised on the basis of observed apparent favorable results. 
This practice is supported by the report of Yoshida, et al. (1966) that the 
requirements of meat-type chickens for riboflavin and niacin are higher than 
those of egg-type birds. 

Vitamins E and K and biotin are listed as additions regardless of the quanti
ties in ingredients. Vitamin E requirements are not established because of 
the numerous factors influencing them, such as selenium, natural and added 
pro-oxidants and anti-oxidants, sulfur-bearing amino acids, polyunsaturated 
fats, and vitamin A. Vitamin E activity in feedstuffs may be rapidly lost 
following grinding unless protected with antioxidants. Ethoxyquin is a de
sirable addition to rations to help preserve the naturally-occurring to
copherols in the ingredients and to help spare vitamin E in the animal 
tissues. Witting (1965) has presented a method for calculating the increase 
in vitamin E needs caused by increased polyunsaturated fats. In round figures, 
every gram of PUFA requires one unit of vitamin E. This may offer a basis 
for future estimations of vitamin E requirements. 

Vitamin K activity is commonly added as the menadione bisulfite complex to 
furnish requirements due to uncertainties of intestinal synthesis. 

Biotin requirements have yet to be established. While the work of Jensen 
(1967) and of Dobson (1967), together with field observations (1967) indicate 
the initial requirement is between 250 and 300 mcg/kg, the variations in 
biological effectiveness from natural sources render quantitative application 
difficult at this time. There are strong indications that other factors in 
feeds influence requirements and that the biotin content of the breeder ration 
markedly affects early requirements of the offspring. In the meantime, 
supplementation at the suggested rate has been widely accepted in the industry 
with apparently satisfactory results. In some instances, especially on high
wheat rations, this level has been reported to be too modest. 

Turkey Growing Rations 

The NRC requirements during this period, shown in Table 4, leave something 
to be desired. The decline in research interest in vitamin requirements is 
dramatically illustrated. The only anchorage the applied nutritionist has 
is experienceo 
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Table 4, Vitamin Levels For Turkev Rations 
8-16 Weeks of Age 

Requirements 
NRC 

per kg 
Scott 
per kg 

Vitamin-A, IU 4,000 5,000 
Vitamin-n3 , ICU 900 1,300 
Vitamin-E, IU lOk* 
K , mg, ? 2 

Thiamine, mg, 1 2 
Riboflavin, mg, ? 4 
Panto.Acid, mg. 1 13 
Niacin, mg, ? 70 
Pyridoxine, mg, ? 3 
Biotin, mg, ? ,12 
Choline, mg. ? 1,700 
Folic Acid, mg. ? 0,9 
Vitamin B12 , mg, ? .010 

Allowances 
Suggest * 

per kg per lb 

8,800 
1,700 

8,8** 
2 
3 
6 

18 
70 

4 
.09** 

1,700 
1.2 

,013 

4,000 
800 

4 ** 
1 
1,4 
2.8 
8 

32 
2 

,04** 
770 

.ss 

.006 
*Basis high energy rations to 12 weeks only. **Added 
NRC, 1966 Scott, 1966 

Scott (1966) has ventured into these unchartered areas, Fortunately or for
tuitously, our suggested values are in excellent agreement with his with a 
few exceptions. Since the poult is still rapidly growing and subjected to 
the stresses of moving from brooder house to other quarters during the early 
part of this period, some of our levels are slightly higher, Biotin is 
added for reasons already given. After 12 weeks of age, requirements un
doubtedly continue to decline, as presented later. 

Turkey holding rations 

It is our opinion that basic breeding stock should be reared to equivalent 
market weights on high nutrient-density rations (as fed market stock) in order 
to stress their inherent ability to produce meat at least cost, After this 
time they can be kept on a market finishing ration or can be placed on a 
holding ration of choice until they are lighted, 

Replacement stock, for commercial multiplication flocks, can be treated the 
same way or may be placed earlier on such systems as skip-a-day or low-lysine 
diets (80-85% of requirements). The newer systems should be adopted with 
caution pending full evaluation, High-fiber holding rations are relatively 
expensive, 

The conservative approach for both basic and replacement or multiplication 
flocks is to grow them as for market to that weight and then to put them on 
a 13-14% finishing ration which may be modified to contain about 20% of 
wheat mill-run or the equivalent up to lighting time, 

Vitamin levels for these holding rations should be the same as for the compar
able finishing ration as discussed later. 
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Turkey breeding rations require good fortification. The NRC requirements, 
Table 5, again have too many blanks. 

Table 5, vitamin Levels For Turkey Rations 

Vitamin-A, IU 
Vitamin-n3 , ICU 

Breeders 

Reguirements 
tmQ. 

per kg 

4,000 
900 

? 

? 
3.8 

16 
? 
? 
? 
? 

Scott 
per kg 

10,000 
1,300 

30 
2 
2 
4 

20 
35 

3 

1,300 

** 

.15 

Vitamin-E, IU 
Kl, mg. 
Thiamine, mg. 
Riboflavin, mg. 
Panto.Acid, mg. 
Niacin, mg. 
Pyridoxine, mg. 
Biotin, mg. 
Choline, mg. 
Folic Acid, mg. 
Vitamin B12' mg. 

0.8 1. 0 
? .012 

*Basis higher energy rations **Added 
NRC, 1966 Scott, 1966 

Allowances 
Suggest * 

per kg per lb 

11,000 5,000 
1,700 800 

30 ** 13.6** 
2 1 
3 1.4 
6.6 3.0 

26 12 
44 20 

6 2.8 
.11** .05** 

1,320 600 
1.5 .70 

.013 .006 

Scott (1966) and we continue in good independent agreement. In general, our 
higher values reflect concern over ingredient variations and biological 
effectiveness. Data is needed to ascertain if "availability" increases with 
age. 

Biotin additions, regardless of ingredient values, are advised because of 
limited knowledge on biological effectiveness and because Jensen (1967) has 
presented data indicating that the requirements are about 220 mc g/kg. on a 
diet based on wheat as grain. Also, assays of unsupplemented practical 
diets (Richardson & Wilgus, 1967) show that these may be below the NRC require
ments for chicken breeder rations. Finally, observations and unpublished 
data (Roche) indicate that poults hatched from flocks fed unfortified diets 
may have a considerably higher initial requirement for biotin and that lesions 
can occur during the first few weeks of life even when supplementary biotin 
has been added to the starter. It appears that the breeder ration is the 
most critical one in the life cycle. 

Our folic acid suggestions are based on the findings of Miller and Balloun 
(1967), supported by field experience. 
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Vitamin Levels for Turkey Rations 

Table 6 is a reswne of suggested specifications for total vitamin contents 
of turkey rations throughout representative periods of the life cycle. 

Table 6, Vitamin Levels For Turkey Rations 

Weeks Fed 

''Protein" % 

Vitamin-A, IU 
Vitamin-n3 , ICU 
Vitamin-E, IU* 
MSBC, mg, 
Thiamine, mg. 
Rt.boflavin, mg, 
Panto.Acid, mg. 
Niacin, mg. 
Pyridoxine, mg. 
Biotin, mg.* 
Choline, mg. 
Folic Acid, mg, 
Vitamin B12 , mg. 

*Added 

Suggested per Pound 

5,000 
1,000 

4.5 
1 
1.4 
3,6 
9 

36 
2,7 
.os 

900 
,70 
,008 

4,000 
800 

4 
1 
1.4 
2,8 
8 

32 
2 
.04 

770 
,55 
,006 

14-16 

3,000 
600 

2,5 
l? 
1.4 
2,5 
7,5 

28 
2 

? 
6QO 

• 20? 
,005 

18-20 

2,500 
500 

2.0 
? 

1,4 
2,2 
7 

24 
2 

? 
500 

• 20? 
,004 

Breeder 

5,000 
800 

13.6 
1 
1.4 
3.0 

12 
20 
2,8 

,05 
600 

,70 
,006 

Intermediate periods can be estimated from these figures, "Protein" is so 
labelled because formulation may be based on amino-acid (and calcium and 
phosphorus) specifications per megacalorie, rather than on protein per se. 
The "28%" starter is actually a 30-32% prestarter in the sense that amino 
acid levels per megacalorie conform to those of Warnick and Anderson (1968). 
These are in good agreement with NRC (1966) on a megacalorie basis, 

Rations fed after 20 weeks of age may fall somewhat lower in vitamin content, 
but not to exceed 20% less under any conditions, 

The periods of feeding indicated are for moderate temperatures (85° or less). 
As feed consumption is reduced by hotter weather (or disease), changes to the 
next ration are delayed in direct proportion, 

The need for biotin supplementation after 10 weeks of age still remains to be 
settled, The findings of Jensen & Martinson (1968) and reports from the wheat 
country (Roche) indicate that under some conditions, such as a high wheat diet, 
such supplementation is necessary, It is also questionable if folic acid levels 
should be dropped so markedly after 10 weeks, 
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Vitamin Premixes 

Vitamin premixes are utilized in practically every mill, either as pur
chased ones or as in-plant mixes. Examples of five such premixes to 
permit meeting suggested ration specifications are given in Table 7. 

Table 7, Vitamin Leyels For Turkey Premixes 
Examples per Ton of Ration 

Weeks Fed 0-6 8-10 14-16 18-20 Breeder 

'~rotein" % 28 24 20 16 16 

Vitamin-A IUxl06 8 7 6 4 8 
Vitamin-o3 ICUxl06 2 1.6 1.2 1.0 1.6 
Vitamin-E IUxlo3 9 8 5 4 27 
MSBC gm 2 2 2? ? 2 
Thiamine, gm 
Riboflavin, gm 5 4 3.5 3.0 5 
Panto.Acid, gm 10 8 8 8 16 
Niacin, gm 50 40 36 30 12 
Pyridoxine, gm 1 
Biotin, gm .10 .08 ? ? ,10 
Choline, gm 600 540 400 350 400 
Folic Acid, gm .9 .7 .1 .1 1.0 
Vitamin B12 , mg. 6 5 3 3 8 

From the viewpoint of mill operations, the number can be readily reduced. 

An economical and efficient system is as follows: 

1. Starter premix ("0-6" weeks) to be used to 8 weeks of age, 

2. Grower premix, same as above except omit biotin, utilized at full 
amount from 8-10 weeks, then reduced proportionately to half this 
level from 20 weeks to finish. 

3. Breeder ration, as presented. 

An alternative is as follows: 

1. Starter premix to 12 weeks of age. 

2. Grower premix, as shown for 14-16 weeks, to be fed at full amount 
from 12 weeks to market. 

3. Breeder premix as is. 

It is felt basis experience that research eventually will demonstrate the 
soundness of only two premixes: 

1. A starter-grower, per that for "0-6" weeks, but reduced to 90% at 
8-10 weeks, 80% from 12-15 weeks, 70% from 15-18 weeks, 60% from 
18-22 weeks, and 50% thereafter. 
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2. Breeder premix as is. 

Comparison to recommendations of other authorities demonstrate that any or 
all of the above suggestions fit within the general framework of knowledge 
and guestimations. 

EFFECTS OF VITAMIN SPECIFICATIONS ON SOLYTION> 

Specifications and constraints for representative turkey starting and 
breeding rations at 1.3 megacalories of metabolizable energy per pound 
were entered in the computer, utilizing ingredients coumonly available in 
Minnesota at current prices. Vitamin specifications used were: (1) none, 
(2) NRC (filling in missing values from Scott, 1966), and (3) our present 
ones. Individual vitamin supplements were also offered at current prices. 

Weight was specif:f.ed as "at most" to pennit maxim\Dll nutrient density under 
the conditions. All solutions were less than this weight. 

Specifying vitamin levels did not change the amounts of ingredients used 
except to add vitamin supplements and to add dehydrated alfalfa up to the 
maxim\Dll level pennitted. This product (49,000 units of effective vitamin A 
per lb) was increased to contribute to vitamin A requirements. Such in
creases caused very minor changes in some other ingredients due to contri
butions of other nutrients. 

Use of increasing nutrient densities penalizes ingredients of low density. 
The minimlDil nutrient densities required for maximum production of meat and 
eggs need to be established as a base-line for computer formulation to true 
least-cost turkey rations. Increases beyond these minima are difficult to 
justify unless cost per megacalorie is not increased. 

SUMMARY 

1. An electronic computer is a valuable tool but requires skill and 
experience. 

2. There is a paucity of data on which to establish complete and reliable 
vitamin values for feed ingredients. 

3. Vitamin contents of individual ingredients are subject to wide variability, 
requiring 

a. adequate numbers of valid assays to establish coefficients of 
variability. 

b. average values based on reduction of the mean by at least one-half 
the standard deviationo 

4. Laboratory assays do not always measure biological activity for the 
animal. 
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5. Vitamin requirements of turkeys after the first few weeks of life 
are generally ill-defined or lacking, particularly for the modern 
fast-growing birds and high nutrient-density rations. 

6. Successful practical levels of fortification are illustrated but may 
not be the most economical or even fully adequate. 

7. Incorporation of vitamin specifications in electronic computer formula
tion permits evaluation of ingredient contributions under proper condi
tions. 

8. More research is needed! 
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AMINO ACID NUTRITION OF swrnE 

D. E. Becker 
Department of Animal Science 

University of Illinois, Urbana 

Reports relating to the amino acid needs of swine began to appear in the 
literature about 25 years ago. However, in spite of this, our knowledge 
of the requirements is still quite incomplete and we have made very little 
progress in the application of the information available. It seems that 
the present climate is favorable and swine nutritionists are more inclined 
to think in terms of amino acids rather than crude protein. 

AMINO ACID NEEDS OF GRCMING-FINISHING PIGS 

According to the information available, the essential amino acid needs of 
the developing pig at various stages have been estimated by Becker et al. 
(1966) and the values shown in table 1, In some cases, the estimates are 
based on limited data, but they provide a standard which should be improved 
as more information is collected. 

Probably the greatest deficiency of the values in table 1 lies in the lack 
of reference to the caloric density of the diet. Within physiological 
limits, swine consume feed at a rate adequate to fulfill their need for 
calories, therefore, total daily diet intake varies inversely and the amino 
acid need varies directly with the caloric density of the diet. Mitchell 
et al. (1965) have shown that the lysine requirement for maximum rate and 
efficiency of gain by growing pigs is 0.23% of the diet per 1000 kcal. of 
metabolizable energy per kilogram (table 2). On this basis, the other 
amino acid needs of the growing pig were referred to the available dietary 
calories and the calculated values are presented in table 3. Similar in
formation is needed for the baby (5 kg.) and the finishing (45 kg.) pig. 

Mitchell et al. (1964) have applied a new technic based upon levels of 
plasma free amino acids to study the amino acid requirements of baby pigs. 
Blood plasma levels of lysine, leucine, histidine and isoleucine were 
studied with young pigs fed graded levels of the amino acid. In blood 
samples taken from the pigs after a 6-hour feeding period, the amino acid 
remained at a rather constant, low level in the plasma until the amino acid 
requirement was reached, after which there was a sharp and usually linear 
increase. Estimates of the amino acid needs of baby pigs using nitrogen 
balance and plasma amino acid levels are summarized in table 4. There was 
excellent agreement between the two sets of values and the new technic 
appeared to be a more sensitive criterion than nitrogen balance. It is 
simple, quick and less expensive than the typical growth assay. 

AMINO ACID NEEDS OF THE GILT 

Probably the most significant research related to amino acid requirements 
of swine concerns the gilt during gestation. Rippel (1967) has published 
an excellent review of the recent developments and the requirements found 
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in his report are presented in table 5. The values represent the amount of 
amino acids required for maximum nitrogen retention during late pregnancy. 
Of course, during the initial phases of pregnancy the requirements would be 
lower. Since the growth rate of the fetus and fetal membranes increases as 
pregnancy progresses it is apparent that amino acid needs should increase 
with advancing pregnancy. Therefore, the values found in table 5 provide 
for an excess intake during early pregnancy. 

In addition to the problem of providing for a constantly changing need 
there is serious doubt that the gestating sow or gilt should exhibit maxi
mum nitrogen retention. Rippel et al. (1965a) reported that nitrogen reten
tion in gilts plateaued at approximately 12.5% crude protein (4.4 parts corn 
and 1 part soybean meal) on the 85th and 105th days post coitum. Using 
varying levels of corn, soybean meal and starch to obtain 6, 9, 12, 15 and 
18% crude protein diets, Miller et al. (1967) conducted balance studies with 
gilts and sows at 100 days post coitum. Retention of nitrogen was estimated 
at maximum between 15 and 18% dietary protein. However, when Rippel et al. 
(1965b) fed various levels and sources of protein during the last half of 
pregnancy, he failed to observe an influence on litter size, number of live 
pigs farrowed, birth weight of live pigs or pig livability. Gilt, but not 
sow, gain was inferior when 5% protein was fed compared to 16% protein. 
In addition, a 97% corn diet supported parturition performance equivalent 
to the 16% corn-soybean meal diet. Likewise, Holden et al. (1967) reported 
that 8, 12, 16 and 20% protein diets produced similar results during four 
successive reproductive cycles. So, levels of protein or amino acids inade
quate to support maximum nitrogen retention will provide for satisfactory 
farrowing performance. If essential at all, just how much nitrogen reten
tion is necessary remains to be determined. 

As an initial step of partitioning the total need of the gravid gilt for 
amino acids into its various components, Baker et al. (1966a, 1966b) have 
reported on the maintenance requirement of the gilt for certain amino acids. 
The values are included in table 5. 

EXCESS ESSENTIAL AMINO ACIDS IN THE DIET 

Experimental results published by McWard et al. (1959) showed that feeding 
more of an amino acid-deficient protein in order to overcome its deficiency 
is inefficient, and in fact, it is possible only with proteins that are 
slightly deficient in the first-limiting amino acid. As more of an amino 
acid-deficient protein is fed the requirement for the limiting amino acid 
appears to increase (table 6). At 12.8% protein the pig required 0.71% 
lysine in the diet or 5.53% of the dietary protein, and at 21.7% protein 
the lysine need was 0.95% of the diet or 4.38% of the dietary protein. 
The explanation for an increased amino acid need at high levels of dietary 
protein is not clear, but some workers have postulated that it is con
cerned with the excess essential amino acid content of the diets. As shown 
in table 7 a typical corn-soybean meal ration containing 16% protein does 
contain a substantial amount of excess essential amino acids. 

By use of linear prograrraning computations Rippel et al. (1962) attempted 
to study the value of minimizing the excess amino acid content of diets for 
swine. Using a wide variety of protein supplements they found that it was 
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impossible to formulate diets with a zero excess of essential amino acids 
unless crystalline amino acids were used. They also calculated three diets 
based upon the calculated requirements of the growing pig (110% of adequacy), 
the composition of whole egg protein, and the composition of pig tissue with 
the excess essential amino acids at a minimum in all diets. When the three 
diets and a 167. protein soybean meal diet were fed to growing pigs, the rate 
and efficiency of gain were significantly greater on the soybean meal diet 
than on the egg and tissue-based diets. Pigs fed soybean meal or a supple
ment based on calculated requirements with supplemental protein equalized 
in diets containing 20, 40 and 80% corn showed no difference in rate or 
efficiency of gain. 

MAXIMIZING THE CEREAL CONTENT OF SWINE DIETS 

With greater application of our knowledge of amino acid needs and the 
advent of Opaque-2 and Floury-2 corns it seems likely that there will be 
greater dependence upon cereals to provide the amino acid needs of swine. 
Recent research suggests that conventional strains of corn or other cereals 
with supplementary minerals and vitamins can be satisfactorily used as the 
entire diet for certain classes of swine. Of course, Opaque-2 and Floury-2 
corns will have even greater potential to provide the sole source of energy 
and amino acids in swine rations. The increased availability of amino acid 
supplements will add impetus to this development. 

It has already been indicated that a diet containing 97% regular yellow corn 
will support satisfactory farrowing performance when fed to gilts during 
pregnancy, although the diet will not allow maximum nitrogen retention. 
The amino acid composition of Opaque-2 corn as noted in table 8 should be 
adequate to support normal farrowing performance as well as nearly maximum 
nitrogen retention. With finishing pigs Cromwell et al. (1966) found that 
Opaque-2 corn will support a rate and efficiency of gain equal to that of 
a 13% protein, corn-soybean meal diet (table 9). 

The development and use of amino acid supplements will have tremendous 
impact upon the formulation of swine rations. The values in table 8 show 
that regular corn is deficient in only isoleucine, lysine, tryptophan and 
possibly methionine as a source of amino acids for the finishing pig. 
Gallo and Pond (1968) have reported that regular corn supplemented with 
.22% L-lysine and 0.02% L-tryptophan provides adequate amino acids to sup
port a rate and efficiency of gains equal to corn-soybean meal rations fed 
to the finishing pig. This work suggests the estimated need for isoleu
cine is too high or that regular corn may contain more than 0.21% isoleu
cine (table 10). In any event, the data demonstrate the opportunity that 
exists for increased use of corn and other cereals as a source of amino 
acids in swine nutrition. 
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Table 1. Amino Acid Needs of Growing-Finishing Pigs. (Becker et al., 1966). 

Baby Pig 
5 kg. 

Level of protein, % 22 
Amino acid 

Arginine 
Histidine 
Isoleucine 
Leucine 
Lysine 
Methionine 
Phenylalanine 
Threonine 
Tryptophan 
Valine 

.37 

.34 
• 76 
.84 
.86 
• 73 
• 79 
.66 
.18 
.67 

Growing Pig 
15 kg. 

16 

% of diet 

.25 

.23 

.52 

.67 

.74 

.so 

.54 

.45 

.12 

.46 

Finishing Pig 
45 kg. 

12 

.15 

.14 

.35 

.40 

.50 

.30 

.32 

.27 

.07 

.28 

Table 2. Lysine Needs of the Growing Pig Fed 16% Protein and Various Dietary 
Energy Concentrations. (Mitchell et al., 1965). 

Energy level 
of diet 

kcal. ME/kg. 

3267 
3718 
2926 
3718 

Maximum 
daily gains 

0.77 
0.86 
0.65 
0.74 

Estimated lysine need, % of diet 
Maximum Per 1000 kcal. 

gain-feed ratio of ME(max.gain/feed) 

o. 71 
0.90 
0.66 
0.80 

0.22 
0.24 
0.23 
0.22 

Table 3. Amino Acid Needs of Growing Pigs. 

Amino acid Need, % of diet per 1000 kcal. ME /kg. 

Arginine .08 
Histidine .07 
Isoleucine .16 
Leucine .21 
Lysine .23 
Total SAA .16 

Methionine .10 
Cystine .06 

Aromatic AA .17 
Phenylalanine .12 
Tyrosine .05 

Threonine .14 
Tryptophan .04 
Valine .14 

I 
J 

I 
I 
l 
l 



Table 4. Comparison of Amino Acid Needs Estimated by Nitrogen Balance and 
Plasma Free Amino Acid Levels. (Mitchell et al., 1964). 

Requirement, % of diet 
Amino acid Nitrogen balance Plasma level 

Lysine 
Leucine 
Histidine 
Isoleucine 

0.81 
0.84 
0.25 
0.53 

Table 5. Amino Acid Needs of Gilts During Pregnancy. 

Amino acid 

Arginine 
Histidine 
Isoleucine 
Leucine 
Lysine 
Methionine 
Phenylalanine 
Threonine 
Tryptophan 
Valine 

a/ Baker et al., 1966 and 1966a. 
~/Rippel et al., 1967. 

Need, % of diet 
Maintenance!!/ 

0.069 

0.058 
0.059 
0.050 
0.089 
0.012 
0.048 

0.86 
0.78 
0.27 
0.46 

Tota~/ 

.17 

.37 

.42 

.30 

.34 

.07 

.46 

Table 6. Lysine Need of the Growing Pig Fed at Two Levels of Protein. 
(Mcward et al., 1959). 

Lysine level, % of diet 
Av. daily gain, gm. 
Gain-feed ratio 

Lysine level, % of diet 
Av. daily gain, gm. 
Gain-feed ratio 

12.8% C.P. 

0.53 
359 

0.28 

21.7% C.P. 

0.57 
227 

0.20 
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0.63 
472 

o. 36 

0.67 
263 

0.22 

0.73 
577 

0.38 

o. 77 
431 

0.31 



Table 7. Excess Essential Amino Acids in 16% Corn-Soybean Meal Diet Fed to 
the Growing Pig. 

Amino acid 

Arginine 
Histidine 
Isoleucine 
Leucine 
Lysine 
Methionine 
Threonine 
Tryptophan 
Valine 
Phenylalanine 

Table 8. Comparison of the Essential Amino 
and the Requirements of Finishing 

Finishing pig 
Requirements Regular 

% of diet % 

Arginine O.lS 0.46 
Histidine 0.14 0.27 
Isoleucine 0.3S 0.21* 
Leucine 0.40 1.10 
Lysine a.so 0.24* 
Methionine 0.18 o .1s!!/ 
Phenylalanine 0.32 0.4S 
Threonine 0.27 0.32 
Tryptophan 0.07 0.06* 
Valine 0.3S 0.42 

* Deficient. 
!!1 Borderline. 

Acid Content 
Swine. 

Corn 
Opaque-2 

% 

o. 79 
0.40 
0.37 
0.97 
0.49 
0.16!!/ 
O.Sl 
0.38 
O.lS 
O.S7 

% of need 

400 
180 
lSO 
220 
100 
100 
100 
12S 
180 
200 

of Certain Feeds 

Milo Wheat 
% % 

0.34 O.S6 
0.14 0.18 
0.39 0.36 
1.30 0.76 
0.14* 0.26* 
0.16!!/ 0.14!!/ 
o.so O.Sl 
0.32 0.36 

ND ND 
0.49 0.49 

Table 9. Comparison of Opaque-2 Corn and Normal Corn for Finishing Swine. 
(Pickett et al., 1966). 

Normal corn 
Item Opaque-2 + SBM + SBM 

Protein level, % 11.2 8.9 11.2 13 .o 
Av. daily gain, gm. 1031 681 881 108S 
Gain-feed ratio .279 .212 .267 .274 
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Table 10. Performance of Finishing Pigs Fed Normal Corn Supplemented with 
Amino Acids. (Gallo and Pond, 1968). 

Av. daily gain Gain-feed 
Diet gm. ratio 

1. Corn-soybean meal (12%) 770 .286 
2. Corn (+minerals & vitamins) 550 .222 
3. (2) + • 22% L- lysine 600 .256 
4. (3) + 0.02% L-tryptophan 730 .286 
5. (3) + 0.04% L-tryptophan 740 .277 
6. (3) + 0.06% L-tryptophan 730 .286 
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EVALUATION OF ENERGY SYSTEMS 
FOR BEEF CATTLE 

J. K. Matsushima 
Department of Animal Science 

Colorado State University 
Fort Collins, Colorado 

Energy is the main nutrient which is required in greatest abundance in 
finishing animals for market. Concentrates provide the greatest proportion 
of the energy but roughages or high fibrous feeds also contribute a certain 
quantity. The main difference, then, is the amount of energy provided by 
these feeds. It is also recognized that even within the group of concen
trate feeds with comparable levels of fiber that some variation occurs 
with respect to the amount of energy. In some instances, considerable 
variation exists in the amount of energy utilized by the animal from 
various feeds. 

The energy value of feeds may be expressed in several different ways. Net 
energy and T.D.N. (total digestible nutrient) are the two most common ways 
in which the energy value of feeds and energy requirements by the animal 
are expressed. In some instances where T.D.N. values of feeds are available 
the D.E. (digestible energy) value may be calculated. In turn, if the D.E. 
value is available the M.E. (metaboligable energy) may be calculated. 

The principle difference between net energy values and total digestible 
nutrient (T.D.N.) values for the same feed is that the net energy system 
of measuring energy appears to be more accurate. The current system (T.D.N.) 
measures the digestibility of the feed. This is accomplished by analyzing 
the feed in question for its protein, fat, and carbohydrate content. The 
digestibility of these nutrients is determined by analyzing the fecal 
matter excreted by the animal and comparing it with the quantity of nutrients 
consumed. 

The net energy (NE) system involves a much more refined measurement. The 
gross energy or total number of calories in the feed is determined. In
stead of measuring only the energy value in the feces, there are additional 
energy losses subtracted from the gross energy value. 

These additional losses include energy loss in the urine, energy loss in 
combustible gases (includes belching, respiration, etc.), and energy loss 
in body maintenance such as chewing, keeping warm, etc. 

The increased accuracy of the net energy system in evaluating energy value 
of feeds comes from the increased refinement of the formula--by casting 
off further non-economic energy losses--and because it separates feed 
values for maintenance (NEm) and production (NEp). 

The new net energy system also introduces some new terms, which are based 
on the calorie system. A calorie (with a small c) is the amount of heat 
required to raise the temperature of one gram of water one degree Centi
grade. There are 454 grams in one pound, so the calorie is a rather small 
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amount of heat. There is also the Calorie (capital C), or large Calorie, 
which equals 1,000 small calories. Terms in the new system are therms 
and megacalories, which are shown in Table 1. 

Table 1. Units of Energy Value 

1,000 small calories 1 large Calorie or 1 Kilocalorie or 4 B.T.U. 
1,000 large Calories 1 Therm or 1 Megacalorie (megcal) 

1,000,000 small calories 1 Therm 

The net energy value of feeds is highly correlated with the fiber content 
in the feed. See Table 2. 

Table 2. T.D.N. versus Net Energy Values in three common feeds. (Taken 
from Morrison's Feeds and Feeding.) 

FEED T.D.N., NET ENERGY, FIBER, 
Percent Therms Percent 

Wheat Straw 40.6 10.0 37.0 
Alfalfa hay 50.7 40.6 28.0 
Corn, No. 2 80.1 80.l 2.0 

As indicated by the differences in the potential energy values of the thr ee 
feeds shown in table 2, one could speculate the differences which might 
arise in the performance of cattle, particularly when a high roughage ration 
is fed. The ration for wintering cattle is illustrated in Table 3. 

Table 3. Wintering 500 lb. calves to gain 1.0 lb. daily illustrating 
T.D.N. values versus Net Energy. 

Lbs. Dig. T.D.N., Net Energy 
Feed Protein lbs. Main- Pro-

(air dry) lbs. ten- duct-
ance ion 

N.R.C. Requirement 12.6 0.8 6.3 megacalories 
er 100 lbs. 

Daily ration: 
10.1 lbs. wheat 
straw 10.1 .04 4.1 25.86 4.18 
6.0 lbs. corn 

silage 2.0 .09 1.3 9.10 5.38 
2.4 lbs. protein 

supplement 2.4 .73 0.9 10.59 6.79 
Total 14.5 .86 6.3 48.25 16.35 
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According to the T.D.N. requirements as shown in the above table (3) the 
calves should gain 1 lb. daily. However, by using the net energy values 
and requirements as calculated according to Lofgreen's formula the above 
ration would only produce about 0.5 lb. daily gain. It must be recognized, 
however, that Lofgreen's Net Energy System was developed specifically for 
growing and finishing cattle. 

Lofgreen and Garrett (1968) have recently modified the net energy require
ments for growing and finishing cattle. The different energy requirements 
for steers and heifers plus the fact that they have established the 
requirements for various daily gains (NEp) the accuracy has improved 
tremendously. This is exemplified by the illustration in Table 4 where 
Lofgreen's formula was applied to one of the recent feeding trials from 
Colorado. 

The Net Energy System offers a tremendous potential in formulating rations 
for feedlot cattle. However, one must recognize the limitations and what 
problems might be encountered. The following factors may influence 
whether or not the present Net Energy System developed by Lofgreen & 
Garrett will work: 

1. Length of feeding period 
2. Degree of fleshing of cattle when put on feed 
3. Weather and feedlot conditions 
4. Physical nature of ration 
5. Percent of concentrate in ration 
6. Preparation of feed 
7. Presence or absence of stilbestrol in ration, particularly 

for steers 
8. Weighing conditions to determine daily gain 
9. Quality of feed (stage of maturity, etc.) 

10. Breed of feeder cattle. 
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TABLE 4. THE APPLICATION OF THE NET ENERGY SYSTEM (LOFGREEN) IN FATTENING BEEF CATTLE RATIONS 
(Following data from Colo. ExPt. Station. 1968) 

TREATMENT 

Level of beet pulp. lbs./day 

Initial weight. lbs. 

Avg. weight during test 

Daily ration, lbs.: 
corn. lbs. 
beet pulp 
prate in suppt. 
alfalfa hay 
corn silage (air dry) 

Total air dry feed. lbs. 

/1 Total T.D.N., lbs.~ 

Meg cal./cwt. of daily ration:.L1 

I 

1 

624 

14.32 
.98 
• 72 

3.44 
1. 70 

21.14 

15.57 

NE for maintenance 81.75 

NE for production 50.34 

Actual daily gain f..l. 2.63 

Expected daily gain /4 2.57 

II 

2 

624 

14.14 
1.94 

.72 
3.42 
1.30 

21.52 

15.93 

82.06 

51. 76 

2.70 

2.65 

III 

3 

624 

13.04 
2.94 

• 72 
3.37 

.74 

20.81 

15.48 

82.10 

51.88 

2.63 

2.68 

rJ 

3-2-1 

622 

15.10 
1.86 

. 72 
2.38 

.76 

20.82 

15.81 

84.49 

53.83 

2.64 

2.61 

v 

1-2-3 

624 

13.08 
2.04 

• 72 
2.26 
1.36 

19.46 

14.61 

83.31 

52.94 

2.68 

2.42 

VI 

3 

626 

14.58 
3.00 

.74 

.88 

.05 

19.25 

15.14 

87.45 

56.59 

2.40 

2.63 

11. Following T.D.N. values used (on air dry basis): corn= 81%, pulp = 78%, protein suppt. 
= 70%, alfalfa hay = 50%, corn silage = 58% • 

.L1 These values calculated from Lofgreen's data. 
f..l. Daily gain figured on 117-day feeding period with 4% shrink on final weight. 
f..!i Calculated from Lofgreen 1 s net energy values for feedlot heifers. 
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INTRO DUCT ION 

PARAMETRIC LINEAR PROGRAMMING TECHNIQUE IN 
INGREDIENT AND NUTRITIONAL ANALYSIS 

Reed D. Taylor and Kenneth H. Maddy 
New Enterprise Division 

The Monsanto Company 

This paper presents partial results of a market product evaluation study using 
computers. The mathematical-computer technique of parametric linear programming 
was used to determine the competitive position of dehydrated alfalfa meal in 
mixed feeds. 

The value of a given feed ingredient, like dehy, is dependent on many factors. 
Some of these are: (l) its composition, (2) specifications of the ration 
being considered, (3) availability, composition, and prices of other competi
tive ingredients, and (q) items such as contractual arrangements between 
buyers and sellers. 

The objective of feed formulation is to combine ingredients in such a manner 
that ration requirements are met at the lowest possible cost. Ingredients are 
competitors in meeting ration requirements and because of their multifactor 
composition this evaluation becomes complex. As an example, for one combina
tion of prices, dehy may be competing with soybean meal as a source of tryp
tophan, while for another combination it may be metabolizable energy. ~~ile 
competing with soybean meal for these factors it will be competing with 
various other ingredients for the same factors plus a multitude of others. 
It requires linear programming and the capacity of a modern electronic compu
ter to handle this complexity of substitutions. 

PARAMETRIC LINEAR PROGRAMMING 

Parametric linear programming is a further development of linear programming. 
It adds a degree of flexibility to an otherwise rigid structure. Its use 
enables one to parameterize (to analyze at different levels) at least one 
coefficient. 

In least-cost feed analyses price is usually chosen as the flexible item. 
The researcher chooses that ingredient be wants to study, and then lets price 
range through a broud spectrum to determine effects of change. The prices of 
competing ingredients remain fixed. 

PROCEDURE 

Dehy was tested using a mathematical matrix developed by the Monsanto Company 
and modified for the present study. Computer runs were made at the Monsanto 
computer center at St. Louis, Missouri. The test matrix included 40 ingredients, 
other than dehy. 

In each test made the specific dehy to be tested was included in the matrix. 
The prices for all other ingredients were held constant while the price of 
dehy was allowed to vary from $1000 per ton to $0.0. Economic analyses 
were made after nutritional parameters were determined. Table l gives the 
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nutrient, vitamin, and mineral analyses of dehydrated alfalfa meals of 20 
and 40 percent protein content. Table 2 presents the specifications used 
for broiler finisher, layer and swine rations. Table 3 presents feed in
gredient prices used for Missouri, Massachusetts, and California. 

INTRINSIC VALUE OF DEHY 

1. Dehy 20 

Dehy, 20 percent protein, is presently produced by most dehydrators. 
It was evaluated for a layer ration, figure 1. The value of the 
meal in this ration varied inversely to the amount used. No alfalfa 
came into the ration until the price was reduced to $130 a ton. At 
this price the ration included 2.6 percent dehy. At a price of 
$122 the amount included increased to 2.7 percent, and then to 3.1 
percent when the price was 8120 per ton. The computer then called 
for a drastic price reduction before any additional meal was used. 
It was necessary for the price to drop to $55 a ton, at which point 
4.1 percent dehy was included in the ration. Below $55 a ton, small 
price decreases greatly increased the use of dehy. As the price dropped 
from 855 to $41, the amount used climbed to almost 14 percent of the 
ration. The maximum dehy used at zero cost was about 24 percent of 
the ration. 

At each point on the value curve the computer gives a complete 
ration formulation. In addition to the formulation, it gives 
shadow prices (the amount the ration cost would increase by using 
one unit of an ingredient not included in the solution) for the in~re
dients not used, and the opportunity cost (the amount the ration cost 
would be increased or decreased by changing a ration requirement or 
restriction one unit) of requirements in scarce supply. By examining 
formulations, shadow prices, and opportunity costs, the significance 
of each point can usually be determined. At point "A" on the curve, 
figure 1, Vitamin A in dehy was substituted for synthetic Vitamin A. 
At point "B" dehy choline was substituted for choline chloride. At 
point "C" the substitution was dehy xanthophyll for corn gluten meal 
xanthophyll. Each of the other points were determined and are shown 
on figure 1. The xanthophyll point was the most significant. At this 
point 20~ dehy was valued at $120 a ton and made up 3.1~ of the ration. 
The greatest value of dehy 20 in the layer ration was in supplying 
xanthophyll, Vitamin A, and choline. These factors could change if 
other ingredients were considered or if prices varied. 

2. Dehy in Different Rations Compared 

The value of dehy is dependent on the ration being formulated. Since 
specifications change, the relationships between ingredients also 
differ. Figure 2 compares broiler finisher, swine finisher, and layer 
rations for 20 percent dehy, using Missouri prices. 

Alfalfa meal had the highest value in the layer ration at almost all 
comparative points of substitution. In the layer ration, dehy came 
into the formula at $130 per ton as 2.65 percent of the ration. For 
the broiler finisher ration, the comparable figures were $80 and o.6 
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percent, and for the swine finisher ration $63 and .06 percent. At the 
xanthophyll point of substitution dehy at $120 per ton made up 3.12 
percent of the formula in the layer ration. The comparable figures 
for the broiler finisher ration were $66 and 3.12 percent. Since the 
swine finisher ration did not require xanthophyll it did not have a 
xanthophyll point of substitution. At zero cost for dehy, the layer 
ration included 23.6 percent dehy, the swine finisher 23.1 percent, 
but the broiler finisher only 16.7 percent. 

The relative positions of the points of substitution varied considera
bly between the rations. Moving from low to high dehy useage levels 
these points for the layer ration were: Vitamin A, choline, xanthophyll, 
poultry by-product meal entry, methionine, Vitamin K, tryptophan and 
riboflavin, and an energy factor; for the swine finisher they were: 
Vitamin A, calcium methionine, tryptophan, pantothenate, milo reduction, 
riboflavin, and an energy factor; and for the broiler finisher they were: 
tryptophan, Vitamin A, xanthophyll, Vitamin K, corn removed and added 
fat increased, added fat limited and milo reduced, and soybean meal 
50 substituted for soybean meal 44. In the case of the broiler finisher, 
the last three points were all associated with the energy factor. 
The energy weight ratio in dehy is much less than that required in most 
rations. This requires significant changes in ration composition to 
accommodate large dehy usages. This analysis on the points of substi
tution show very conclusively the effect ration requirements exert on 
the value of dehy. 

3. Quality Comparisons 

Dehy 40 is an experimental essentially fiber-free product produced by 
extracting the juice from alfalfa plants and coagulating and drying 
the protein fraction. Scientists at the Western Regional Laboratory 
of the U. S. Department of Agriculture have determined or estimated 
its nutritional parameters as shown in Table 1. In Figure 3, the value 
curve of dehy 40 is compared with dehy 20 in a layer ration using 
Missouri prices. In comparing curves of the two products, the points 
of substitution are of greatest significance. As an example, point B 
on each of the curves is where xanthophyll in dehy substitutes for 
xanthophyll in corn gluten meal. Dehy of 40 percent protein content 
constitutes 0.5 percent of the ration at $581 a ton; 20 percent dehy 
is 3.1 percent of the ration at $120 a ton. Considerably less dehy 
40 is required in meeting the xanthophyll requirements. Consequently 
a feed formulator could afford a much higher price for the more con
centrated material. In both cases a drastic price reduction was 
necessary to reach the next point of substitution. The price of dehy 
40 was reduced from $581 a ton to $184 a ton at which point dehy is 
increased from 0.5 to 1.1 percent of the ration. In the case of dehy 
20 the reduction was from $120 a ton at 3.1 percent of the ration to 
$55 a ton at 4.1 percent of the ration. 

From a nutritional standpoint, dehy 40 is an excellent product. It is 
rich in most positive nutritional factors, extremely low in fiber, 
and has a relative high energy-to-weight ratio. In the layer ration it 
still commanded a price of $100 a ton when constituting 13.8 percent of 
the ration; $43 a ton when constituting 46.8 percent of the ration; and 
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$30 a ton when constituting 92.3 percent of the ration, which wa~ its 
maximum usage level. 

Further chemical and biological data and economic analysis will be 
required to determine the true competitive position of dehy 40 in 
the feed industry. This analysis gives an indication of its value 
in a specific ration, in a given location, with price levels existing 
in December 1966, compared with a limited number of other ingredients. 
In addition to further analyses of the 40% protein product, value analy
ses of the residue material and cost factors need to be considered. 

4. Dehy at Different Locations Compared 

Location is an important factor in determining the value of dehy. 
This is due to the availability and prices of competitive ingredients. 
To test this effect, dehy 20 in a broiler finisher ration, was analyzed 
in Missouri, Massachusetts, and California. Table 3 lists available 
ingredients and their prices for December, 1966 at the three locations. 
Figure 4 presents the value curves up to 6 percent of the rations. At 
greater dehy usage levels the curves were fairly similar. 

Up to the Vitamin K poiut of substitution, approximately 6 percent of 
the ration in all three cases, dehy had by far the greatest value in 
California, a lesser value in Misso ,1ri, and the least value in Massa
chusetts. In California dehy first entered the ration at $140 per ton 
and constituted 1.2 percent of the ration. For Missouri the comparable 
figures were $80 and o.6 percent, and for Massachusetts $55 and 1.0 per
cent. At the xanthophyll point of substitution, dehy at $116 per ton 
made up 2.8 percent of the formula at California. The comparable figures 
for Missorui were $66 and 3.1 percent, and for Massachusetts $44 and 1.5 
percent. At the Vitamin K point of substitution the figures were similar 
with the price ranging from $28 to $32 a ton and dehy constituting 6.1 
percent of the ration in all three cases. 

These large differences in the high price low volume sectors of the value 
curves were primarily due to the availability and relative prices of 
milo, corn, and corn gluten meal. 

PARAMETRIC LINEAR PROGRAMMING AS AN EVALUATOR OF RESEARCH 

Parametric linear programming can serve as a useful tool in evaluating research 
proposals. As an example, scientists at the Western Regional Laboratory of 
the U. s. Department of Agriculture were interested in the potential value of 
altering different characteristics of dehy. The economic significance of al
tering xanthophyll, Vitamin A, tryptophan, metabolizable energy, and lysine 
was analyzed. The effects of altering metabolizable energy in dehy, 20 per
cent protein, in a broiler finisher ration is herein presented. 

The broiler finisher ration specified 3,200 calories of metabolizable energy 
per kilo of feed. Dehy, 20 percent protein, supplies 1,351 calories of meta
bolizable energy per kilo. In the formulations, this energy deficit was off
set by high energy feedstuffs, primarily fat. 
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Recent research has indicated that the metabolizable energy in dehy can be 
increased through various mechanical and chemical treatments. Tests were 
conducted to determine the intrinsic values of dehy with varying metabolizable 
energy contents. The energy factor was tested at three points of substitu
tion on the dehy 20 value curve. The tryptophan, xanthophyll, and Vitamin 
K points were chosen (fig. 5). Metabolizable energy was tested at six levels, 
1,100, 1,300, 1,500, 1,700,1,900 and 2,100 calories per kilo. At the trypto
phan point of substitution (0.5 percent dehy in the ration), the value of 
dehy ranged from $85 a ton at 1,100 calories per kilo to $108 a ton at 2,100 
calories per kilo. At the xanthophyll point of substitution (3 percent dehy 
in the ration), the price for dehy ranged from $65 a ton to $88 a ton, and 
at the Vitamin K point of substitution (6 percent dehy in the ration), the 
price ranged from $26 to $48. These increases were at the rate of $2.20 
per ton of dehy for each 100 calorie increase of metabolizable energy per 
kilo. On a weight basis this means that for each 100 calorie increase of rue
tabolizable energy per pound the value of dehy would increase $4 a ton. This 
effect would hold true throughout the entire value curve for dehy. 

It is easily seen that any procedure increasing the metabolizable energy con
tent of dehy would increase its value significantly. Whether such procedures 
would be profitable depends on both cost and return factors. Economic analy
sis on energy increasing procedures would be highly useful as the procedures 
are developed. At this point in the analysis, however, it seems that physical 
research on increasing energy content would be feasible and desirable. 

The technique described above can be used in evaluating other feed ingredients 
and in directing the research efforts of scientists interested in improving 
their value in mixed feeds. 

CONCLUSION 

Parametric linear programming is an excellent device for determining the intrin
sic value curves of feed ingredients. It develops the complete value curves 
for the entire range of prices and quantities used. At each solution point 
(point of substitution) a complete formula is given, and shadow prices estab
lished for ingredients that do not come into the solution along with opportun
ity costs for ration requirements. 

In using parametric linear programming it is necessary to quantify all rele
vant parameters. Items such as unidentified growth factors which are not 
identified and therefore not quantifiable, are not considered in the analysis. 
If such factors are of significant importance, values obtained by parametric 
linear programming or for that matter any other mathematical procedure can 
only present partial results. Economical analyses can only be based on the 
nutritional parameters provided by physical and biological scientists. 

The value of any ingredient is dependent on the competitive environment in 
which it is used. The effects of ingredient nutrient content, ration specifi
cations, and geographical location reflecting ingredient availability and 
prices were examined in this report. Changes in any of these factors influ
enced the location of the points of substitution on the intrinsic value curves. 
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Table 1. .Nutrient, vitamin, &nd mineral analysis ot dehydrated al.talta 
meals or ditf ering protein content. l/ 

~-
I I 12~ ~f :_r2t~i ~omc~1Q!_~-:._ 1~ I !Im~ I 

Metabolizable energy •••••••• 1 Cal/Kg I 1351. I 2600. 
Net energy••••••••••••••••••• " I 1501. I 2888. 
Fat (ether extract) ••••••••• 1 Percent I 3.6 I 7.2 
Calaium ••••••••••••••••••••• 1 .. I 1.3 I 6.o 

Phosphorus•••••••••••••~••••• .. I 0.27 I 2.0 
Arginine •••••••••••••••••••• 1 " I o.884 I 1.9 
Glyaine ••••••••••••••••••••• 1 .. I 1.008 I 2.08 
Metbionine •••••••••••••••••• 1 " • 0.324 I .71 • 

Methionine+ cystine •••••••• 1 " I 0.536 I 1.12 
Lysine••••••••••••••••••••••I • I o.884 I 2.4 
'.l'ryptophan••••••••••••••••••• " I o.488 I .98 
Leuai.ne•••••••••••••••••••••I " I 1.524 : 3.35 

Isoleu.aine •••••••••••••••••• 1 • I 0.984 I 2.00 
Phen;rlal.anine ••••••••••••••• 1 .. I 1.020 I 2.32 
Phenylalanine + tryosina •••• 1 • I 1.626 I J • .57 
1'hl"eonine ••••••••••••••••••• 1 It I 0.872 I 1.77 

Valine••••••••••••••••••••••' " I 1.172 I 2.52 
Histidina ••••••••••••••••••• 1 " I o.406 I .87 
Xanthophyll ••••••••••••••••• s Mg/Kg I )10. I 1800. 
Vitamin A (carotene) •••••••• 1 lf!.U/Kg I 309. I 750. 

V'itamin 1 ••••••••••••••••••• 1 Mg/Kg I 18. I )6. 
Choline ••••••••••••••••••••• 1 .. I 1620. I )400. 
Rlbotlavin ••••••••••••• ~ •••• a • I 15. I Z? • 
H1aa1n •••••••••••••••••••••• 1 " I 55. I 70. 

Pantothenio aaid •••••••••••• 1 " I JJ. I 80. 
Tocopherol •••••••••••••••••• s " I 140. I 280. 
Fiber•••••••••••••••••••••••• Percent : 21.1 I ).O 

1J Coei't1a1.ents were supplied by Dr. George o. Kohler, Chief ot the 
Field Crops Laboratory, Western Utilisation Research and Development 
Di.vision, .Agrioultural Research Service, U.S. Dep&l'taent ot jgrl~ture, 
.ilb&l\Y, California. 'DlesG ooetfiaients and other contributions ot 
Dr. George o. Kohler are gratef'ul.ly acknowledged. 

Coef'tiaients tor the 40~ protein aaterial are prelillin&ry and are the 
resu.lts ot analyses by scd.entists at the Western Regional Research 
Laboratory. Where data. was incomplete tor the experimental. 40~ protein 
product, estimates were made based on known ccaposition (e. g. metabol
izable energy). 
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· Table 2. Broiler finisher, swine finisher and layer ration spec1fioat.1ons 
used in the parametrio linear programming testing or dehydrated 
alfalfa meal. __ -··-----

1 I Specit- s Ration 
Speo:lfioation I Unit I ioation 1 Broiler 1 

-----------1 ? 1 tme 1 finisher 1 
Metabolizable energy .... : Cal Kg 1 Minimum : J200. 1 
Added tat ••••••••••••••• s Peroent: Max1nnun : 10. : 
Fiber•••••••••••••••••••I " 1 " 1 8. : 
Calc1UJ11 ••••••••••••••••• 1 " I M1ninlwil : .8 : 
Available phosphorus •••• : • : " : .4 : 

Arginine••••••••••••••••' 
Glycine ••••••••••••••••• s 
Methionine••••••••••••••' 
Methionine + cystine •••• 1 

IJsin•••••••••••••••••••' 

Tryptophan •••••••••••••• : 
Leuoine ••••••••••••••••• : 
Isoleuoine •••••••••••••• : 
Phenylalanine ••••••••••• : 
Phenylalanine + tyrosine: 

Threonine•••••••••••••••' 
Valine••••••••••••••••••' 
Histidine ••••••••••••••• : 
Rice produots ••••••••••• : 
Peanut meal•••••••••••••' 

" • 
" 
" 
" 
• 
" • 
• 
" 
" • 
" 
" • 

Weight••••••••••••••••••' " 
Et.ho:z;yql.dn •••••••••••••• s • 
Salt••••••••••••••••••••I " 

I 
I 
I 

I 
I 

" 
" 
" 
" 
" 
" • 
" 
" 
" 
" 
" 
" 

• 
• 

: 
I 
I 

: 
I 

Traoe mineral mtx ••••••• s " 
Xanthophyll ••••••••••••• : Mg/Kg 

I " I 
I Mini.mum I 

M1.lo••••••••••••••••••••' 
Meat meal•••••••••••••••' 
Poultl-y by-produot meal.1 
Feather meal••••••••••••' 
Molasses••••••••••••••••• 

Fish oil••••••••••••••••' 
Wheat by-produots ••••••• s 
Choline ••••••••••••••••• s 
Ribotlavin •••••••••••••• s 
Niao.1.n •••••••••••••••••• a 

Pantotbenate •••••••••••• s 
Vitamin A•••••••••••••••I 
Vitamin B12•••••••••••••' 
V1t82111.n K•••••••••••••••I 
Vit82111.n DJ••••••••••••••I 

Peroent: MaxiJlum 

" • 
• 
• 
• 
• 

I 
I 
I 
• • 

I 
I 

• 
" • 
• 
• 
" 

I 
I 
I 
: 

• • 
I 

Mg/Kg I Min1nrunl : 
• I " I 

" 
" I 

!lfI.TJ I Kc : 
MoGa/Kgs 
Mg/~ I 
MICU/Kgs 

" 
" • 
• 
• 
• 
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I 
: 
I 
I 
I 

1.0J : 
.8 : 
.JS : 
.725 : 

1.03 I 

.185 : 

20. 
10. 

I 
: 
: 
: 

100. I 
.0125 : 
.4 : 
.15 I 

12. I 

50. 
5. 
5 • 
2.5 
3 • 

1. 
20. 

14JO. 
5.5 

44. 

14.J 
6.6 
a.a 
1.1 
.88 

I 
I 
• • 
I 
I 

I 
: 
I 
I 
I 

Swine 
Wgr 

2970. 
10. 
a. 

1 finisher 
I )200. 

10. s 

J.25 
.45 : 

.5 : 

.2 I 

.J I 

.51 I 

.625 I 

.148 : 

20. 
10. 

100. 

I 
I 
: 
I 

.0125 I 

e3.5 I 
.1 I 

13. I 

50. 
5. 
5. 
2.5 
J. 

1 • 
10 • 

990. 
J.52 

JJ. 

6.6 
8.8 
6.6 
1.1 

.88 

: 
I 
I 
• • 
: 

a. 
.5 
.4 

.138 

.194 
• .)9 
.48 

.12 

.6 

.4 

.28 

.4 

.39 

.40 

.15 
20. 
20. 

100. 
.0125 
.4 
.15 

70. 
20. 
10. 
2.5 
J • 

1. 
40. 

660. 
4.4 

33. 

u. 
2.2 

u. 

.55 



Table 3. ll Prices of feed ingredients, Missouri, Massachusetts, Calitorn1a, 
Deoauber, 1966. 

-----·---·---~-------------··----- ·----~~-------~--: L Q C A.'t I O N 
Ingredient : Missouri Massachusetts California 

--------------------(Dollars/Ton) 

Milo•••••••••••••••••••••••••••••••••••: 
Corn•••••••••••••••••••••••••••••••••••I 
Oats•••••••••••••••••••••••••••••••••••' 
Barley meal••••••••••••••••••••••••••••I 
Cottonseed ML-.50•••••••••••••••••••••••= 

Soybean meal (~ protein)•••••••••••••I 
Soybean meal (.50~ protein)•••••••••••••: 
Corn gluten meal (low protein) ••••••••• 1 
Corn gluten meal (60~ protein) ••••••••• : 
Corn distillers sol••••••••••••••••••••I 

Dried wheY•••••••••••••••••••••••••••••' 
Fishmeal, sa.rdine {65~ protein) •••••••• 1 
Meat and bone scraps (.50~ protein) ••••• : 
Meat.meal (55~ protein)•••••••••••••••••' 
Bone meal steamed••••••••••••••••••••••' 

Feather meal (85~ protein)•••••••••••••• 
Poultry by-product meal (55~ protein) •• : 
Fat, vegetable•••••••••••••••••••••••••' 
Calcium carbonate••••••••••••••••••••••' 
Defiuorinate phosphorus (18.0~ avail.).1 

Dioalaium phosphate (18.5~ available) 
phosphorus) •••••••••••••••••••••••••• : 

Choline chloride (70~ choline) ••••••••• : 
Choline chloride (25~ choline) ••••••••• & 
Salt•••••••••••••••••••••••••••••••••••' 
Traoe minerals•••••••••••••••••••••••••= 

45.00 
.54.oo 
51.00 
55.00 

98.00 
113.45 
101.00 
159.36 

101.00 
172.00 
117.00 

110.00 
115.00 
152.00 

8.00 

96.00 
270.00 

20.00 
310.00 

Etho:ir;yquin•••••••••••••••••••••••••••••' 2236.36 
MHA {methionine hydroq analogue) •••••• : 1854.54 
Vitamin A {325 MM IO/Kg) •••••••••••••••• 8400.oo 
Vitamin~ (400 MM ICU/Kg) ••••••••••••• : 6.581.81 
Vitamin K'{282 Gm/Kg) •••••••••••••••••• 112909.00 

Vitamin B1~ (44 Mg/Kg)•••••••••••••••••I 
Niacin (10')•••••••••••••••••••••••••••1 
Rtbofl.avin (10~)•••••••••••••••••••••••s 
Pantothenio &aid (80.3~) 'i1••••••••••••= 

2.40.oo 
204.55 

2454.25 
1309.09 

126.00 

167.18 
72.36 

104.64 

125.18 

106.00 
144.64 
166.00 
11.00 
78.00 

270.00 
127.27 
32.00 

310.00 

2236.36 
1854.54 
8400.oo 
6581.81 

12909.00 

2.40.oo 
204.55 

24.54.25 
1309.09 

52.00 
60.oo 
.54.64 
52.64 
95.00 

126.00 

65.78 

98.00 
173.36 

130.18 
65.64 

171.64 
14.00 
86.36 

270.00 
127.27 
28.oo 

310.00 

2236.36 
1854 • .54 
8400.oo 
6581.81 

12909.00 

240.00 
204.55 

24.54.25 
1309.09 

-g--Pri--o-e-s ;;~;quoted~~by_th_e_M_o_ns_an_t_o_Comp8JlY as being available to large 
teed formulators in December 1966. 

In the torm or oalaium pantothenate. 
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BIOSYNTHESIS OF PROTEINS AND FATS OF MILK 

Roy S. Emery 
Department of Dairy 

Michigan State University, East Lansing 

Animal Industry must face the problem of efficiently converting feed grade 
protein to food. Efficiency of protein conversion by growth is limited by 
the reproductive rate and maintenance cost of the mother. Only milk cows 
compete with chickens and pigs as converters of plant to food protein (Table 
1). By replacing part of the plant protein with urea, milk cows have a clear 
advantage over even the laying hen. Let us also agree that protein synthesis 
is the primary reason for milk production. Cows cannot compete for the fat 

Table 1. Efficiency of conversion of digestible plant protein to food 
proteina 

Animal product 

Cow, milk 
Hen, eggs 
Chicken, broilers 
Pigs, pork 
Steer, beef 

a Data from Byerly, 1967. 

Protein efficiency 

(%) 

47 
36 
23 
16 

7 

b After meeting 33% of the nitrogen requirement with urea. 

Protein efficiency 
with ureab 

(%) 

70 

17 

market without subsidies. Research and development for a subsidized market 
without consumer demand seems unwise. This reduces the problem to developing 
milk secreting cells in the cow and to conserving as much feed energy and 
nitrogen as possible for synthesis of milk protein. 

REQUIREMENTS FOR MILK SYNTHESIS 

Under hormonal influence resulting from estrus cycles and pregnancy, secretory 
cells replace the connective and adipose tissue of the udder (Barry, 1968). 
Secretory cells in cows are present and contain most of the milk-forming 
enzymes several days before the act of calving initiates lactation (Baldwin, 
1966). Now, glucocorticoids and prolactin induce milk secretion (Baldwin 
and Martin, 1968; Turkington, 1968). These hormones induce formation of milk 
protein and of several other enzymes required for synthesis of fat and lactose. 
In ruminants, the milking act itself stimulates these hormonal effects (Cowie 
et al., 1968). 

More nutrients are suddenly required by the udder when milk secretion begins. 
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Figure 1. Initiation of lactation. 

Removal of end-products by milking could increase nutrient uptake by 
increasing diffusion gradients and the pressure difference between blood 
and milk ducts. But the fat transfer enzyme, lipoprotein lipase, increases 
dramatically in mammary gland while decreasing in adipose tissue and blood 
fat is diverted from adipose to mammary tissue (Otway and Robinson, 1968; 
Hartmann and Lascelles, 1964). Blood flow through the udder increases two 
to three fold within a few days of parturition which may be a switching of 
blood from the fetus as depicted in Figure 1 (Barry, 1968; Linzell, 1960; 
Reynolds, 1967). Oxygen uptake, milk secretion, and blood flow of the 
mammary gland are all closely correlated and about 450 ml of blood are 
required to form 1 ml of milk. 
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Nutrient uptake by the mannnary gland is determined by both the arterio
venous difference and blood flow. Barry (1964) sunnnarized mammary 
arteriovenous differences and Table 2 was calculated from his data. The 
efficiency of milk production in the mammary gland can be estimated as 
76 + 111 = 68%. But the negative arteriovenous difference of acetoacetate 
and possibly other components was not included so this efficiency is 
probably too low. Yet, it approaches the theoretically possible efficiency 
of 76% (Baldwin, 1968). 

Table 2. Blood to mannnary transfer per 100 ml milka 

Material 

Glucose 
S-(OH)butyrate 
Acetate 
Fatty acids 
Glycerol 
Amino acids 

Total 

Oxygen 
C02 

100 ml milk 

a Calculated from Barry, 1964. 

SOLUBLE MILK CONSTITUENTS 

(g) 

8.0 
1.4 
2.9 
4.6 
0.3 

2:.2 

20.1 

3.4 
-5.9 

Amount 
(kcal) 

32.0 
8.1 

10.2 
43.2 

1. 3 
_lLl 

111. 3 

13.0 

76.0 

The lactose-mineral portion of milk is rather constant within a species but 
it may be an important regulator of water secretion through osmotic 
pressure (Rook and Wheelock, 1967). A seal which secretes practically no 
lactose and only 0.5% ash produces milk with more than 50% solids (Ashworth 
et al., 1966). 

Lactose is synthesized by converting glucose to uridine diphosphogalactose 
(UDP-gal) through a series of non-limiting reactions. Finally the UDP-gal 
reacts with free glucose to form lactose in the presence of a transferase 
and a-lactalburnin. The concentration of free glucose probably limits 
this reaction during lactation but the presence of a-lactalbumin initiates 
lactose synthesis (Brew et al., 1968). Galactosyl-transferase is present 
in several tissues where it normally works to form new cells but in the 
presence of the "specifier protein," Q'-lactalbumin, it forms lactose, even 
in liver. Thus, initiation of milk protein synthesis is a key to initiation 
of lactation. 
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PROTEIN SYNTHESIS 

Nuclear deoxyribonucleic acid, the genetic material, acts as a code or 
template during formation of ribonucleic acid (RNA) by a polymerase enzyme. 
Ribosomal RNA coupled with protein forms the working particles which 
condense amino acids into proteins. Soluble and transfer RNA carry the 
amino acids to the ribosomes and transfer the growing protein. Messenger 
RNA is required to code this machinery to make a specific protein (Figure 
2). Ribosomal and transfer RNA form most of the cellular RNA and their 
concentration increases with lactation. The DNA code responsible for 
making the messenger for milk proteins must always be in the cell but its 
message is somehow "masked" until parturition. Steroid hormones are known 

growing protein 

t-RNA 

Ribosome 

Figure 2. Protein synthesizing complex. 

codon for 

Endoplasmic 
Reticulum 

Messenger RNA 

specific amino acid 

to cause "unmasking" in other t i ssues and a similar phenomenon probably 
occurs in the mammary gland where progesterone inhibits and glucocorticoids 
stimulate messenger synthesis (Baldwin and Martin, 1968; Wikman and Davis, 1968). 

The diagrammatic steps in figure 2 are presented as chemical reactions in 
figure 3 where reaction 1 requires energy (ATP) and amino acids. In our 
laboratory the normal amino acid level in homogenates of lactating bovine 
mammary gland supported as much protein synthesis as a higher concentration. 
But Schingoethe et al. (1967) obtained a doubling of casein synthesis by 
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using four to 10 times the normal complement of amino acids with cultured 
cells. Amino acid transport into the cell could explain the difference 
between these results and possibly higher blood concentrations of at least 
some amino acids would support greater protein synthesis. 

Feeding more grain usually increases milk protein but Yousef et al. (1968) 
did not find an increase in the concentration or arteriovenous difference 
of plasma amino acids due to grain feeding which suggests that extra grain 
acts by supplying energy for protein rather than amino acid synthesis. The 
optimum ATP concentration for reaction 1 in Figure 3 is about 10 times the 
cellular level reported by Baldwin and Cheng (1968). The optimum ATP level 
for milk protein synthesis by mammary homogenates in our laboratory is also 
several times the normal cellular level. Thus, available energy probably 
limits protein synthesis. 

Amino Ac id + ATP-----(""'l'"')----->~ AMP ,-AA + PP 

(2) 

AMP,-AA + sRNA -----------> .. AA-sRNA +AMP 

t 
+ATP to Regenerate 

(3) 
(AA-sRNA) n + GTP ---------!>• AA1 • • • AAn + GDP + ( sRNA) n 

Ribosomes 
messenger RNA 

Figure 3. Synthesis of milk protein. 

(4) DNA dependant 
RNA polymerase 

Ribosomes perform reaction 31 assembly of the protein, under the guidance 
of messenger RNA. This reaction requires endoplasmic reticulum (intra
cellular membranes forming tubules). The degree of organization required 
for milk protein synthesis is greater than for most tissues both in this 
laboratory and as reported by Brew and Campbell (1967). Endoplasmic 
reticulum may protect the messenger-RNA, aid in removal of the finished 
protein, or organize the messenger for better performance. Removal of 
energy or failure to remove milk disorganizes the reticulum and stops 
synthesis of both milk and enzyme proteins (Jones, 1967). 

The optimum potassium level for protein synthesis by mammary homogenates 
in our laboratory is about four times the normal cellular concentration. 
The practical implications of this finding on production of protein by the 
cow have not been examined. 
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FAT SYNTHESIS 

We want to divert calories from synthesis of milk fat to protein. This 
feat will require a full understanding of how calories move into both 
products. Milk fat is partially derived from blood and partially made in 
the udder. In Figure 4, acetate and S-(OH)butyrate from blood are converted 
to the 4- to 16-carbon acids of milk fat while the longer fatty acids come 
from blood (Gerson et al., 1968). Tissue bicarbonate increases fatty acid 
synthesis at reaction (1) which may explain the stimulating effect of 
feeding alkaline salts on fat production (Emery et al., 1965). However, 
any fatty acids not converted to triglycerides will cause a feedback 
inhibition of reaction 1 and this is probably the major regulator of fatty 
acid synthesis in the mannnary gland. 

Lipoprotein Acetate (-OH) butyrate Glucose 

+ATP 
+AT +COA 

.J,.. 
+COA 
+DPNH 

Acetyl CoA 

J (HC0~(1) Butyryl CoA 

ATP 
TPNH 

Fatty Acid.............._ 
-1' ~ desaturase + 
.J,... elongation 

Fatty Acid ~ (..t) y Glycerol-Phos, 

Acid 

Figure 4. Formation of milk a • 

Milk Fat 
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Glycerol-phosphate limits reaction (2) according to Kuhn (1967) but a 
high grain ration should increase the glycerol-phosphate level and milk
fat synthesis while the opposite is known to be true. Recent work by Askew 
in our laboratory shows that linoleic acid inhibits reaction (2) or (3). 
Moreover, we have not been able to incorporate butyrate into the trigly
ceride which Patton and McCarthy (1963) suggest should occur at reaction 
(3). 

- - -, ceride 

I 
I 
I 

Liver 
Blood 

riglrcer Lipoproteins 
(AVAILABLE 

Fatty Acid holesterol FAT) 
Albumin Est 

Fatty 

' I 
Acids 

I I 
-- _I I 

t I 
I Fatty Acids Fatty Acids 

i J,, .. 
C02 co2 

Figure 5. Competition between organs for blood fat. 

Thus, the right mixture of fatty acids is important for triglyceride 
formation and this might be used to block milk-fat synthesis and divert 
feed to other products. 

In Figure 5, adipose tissue and the marmnary gland are in direct competition 
for the available fat. Dietary fat and endogenous fat contribute equally 
to chylomicrons which are in short supply in ruminants (Hartmann et al., 
1966). However, milk fat synthesis is depressed if dietary fat is less 
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than 4% of the ration (Sterry et al., 1967). Ruminants make fatty acids 
almost entirely from acetate and mostly in adipose tissue since glucose is 
not available (Hanson and Ballard, 1967). Adipose tissue retains these 
fatty acids as triglyceride when excess glycerol-phosphate is available as 
when fattening rations are fed (Opstvedt et al., 1967). This will reduce 
the return of free fatty acids to the liver where they can be converted to 
lipoprotein and exported to the mannnary gland. This mechanism explains the 
positive correlation between plasma free fatty acids and milk fat secretion 
(Decaen and Journet, 1967) and the incompatability of fattening and lactation. 

Huber et al. (1968) fed a normal ration with hay ad libitum and 1 kg grain/ 
3 kg milk and then distributed the cows among groups fed a restricted
roughage basal ration or basal plus whey, basal plus 2.5% NaHC03 and 1% MgO 
or basal plus whey and minerals. The normal milk fat % of 3.6 declined 
to 2.5% with the basal ration and increased to 3.4% with the addition of 
whey plus minerals. Whey and minerals increased the concentration of heparin
precipitable lipoprotein and the transfer of fatty acids from this lipo
protein to the udder as shown in Figure 6. This special lipoprotein is 
less than 10% of total blood fat but accounts·for most of the mammary fat 
uptake. 

,,....... 80 Whey + Minerals e 
;:l 
1-1 
Q) 
ti) 

r-1 
Minerals 

e -00 
;:l .._, 60 
1-1 
Q) 

~ 
ti) 

~ 
ell 
1-1 
.IJ 

::>... 
1-1 40 ell s 
~ Normal Ration 

380 400 420 440 
HPLP esterified fatty acid (ug/ml) 

Figure 6. Mammary arteriovenous difference for heparin-precipitable 
lipoprotein (HPLP) esterified fatty acids as affected by ration 
and arterial concentration. 
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Table 3. Potential contribution of blood precursors to milk fat 

Normal Basal Basal Basal + 
+~ey minerals 

----------(%of secreted fa ta)----------

Acetate 35 28 23 25 

S-(OH)butyrate 34 18 35 22 

HPLP 33 52 64 82 

a A-V x 350 ml plasma or 450 ml blood/ml milk 7 milk fat produced. 

Blood acetate and S-(OH)butyrate were measured so the potential contribution 
of each of these precursors to milk-fat could be determined as shown in 
Table 3. Restricting the roughage decreased contribution of acetate and 
S-(OH)butyrate to milk fat. Whey increased the contribution of S-(OH)butyrate 
and blood fat while minerals primarily affected the contribution of blood 
fat. Thus, whey and minerals stimulated some mechanisms for milk-fat 
secretion which were different from those depressed by restricted roughage. 

CONCLUSIONS 

Rumen fermentation with its volatile fatty acid product is only one step in 
the production of milk. Hormonal and nutrient influences on adipose tissue 
and liver as well as on the udder are responsible for controlling milk 
secretion. Available energy in the mammary gland seems to limit protein 
secretion. If more grain is fed to supply more energy, the cow fattens 
instead of lactating. If adipose tissue can be made to reject fatty acids 
and fat synthesis is blocked in the mammary gland, milk protein secretion 
should be increased. Nutritional means of accomplishing these reactions 
are available but they have not yet been put into a single protocol to 
obtain a reproducible, dramatically increased secretion of protein. 
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The Magnesium Requirement of the Laying Hen 

J. L. Sell and R. N. Hajj 
Animal Science Department 

North Dakota State University 
Fargo, North Dakota 

In the early 1600's, the English village, Epsom, became a popular 
health spa. The principle attraction offered by this community 
was water which possessed unusual properties generally thought to 
be beneficial for the person who drank it. Epsom water gained a 
wide reputation as an "internal remedy and purifier of the blood" 
due to its unusual purgative effect. Although not recognized at 
the time, the principle mineral component of the water from Epsom 
Wells was magnesium sulfate. Sir Humphrey Davy isolated magnesium 
(Mg) in 1807 and during the following years a multitude of chemical 
reactions involving Mg with inorganic and organic compounds was dis
covered. However, the fundamental importance of Mg in life processes 
was only recognized within the last 50 years. There is now no doubt 
that magnesium is a key nutrient for both plants and animals. 

Magnesium was first shown to be a required nutrient for mice by 
Leroy in 1926. Later, Kruse et al (1932) induced and described 
acute Mg deficiency in rats. Since then, many investigations 
have been conducted to determine the dietary magnesium requirement 
of various animals. Almquist (1942) reported that chicks needed 
400 ppm Mg in the diet for maximum growth. More recently, Gardiner 
et al (1960) and Mcward and Scott (1961) listed the chick's Mg 
requirement as being 250 and 200 ppm, respectively, when growth 
rate and livability were used as criteria. The dietary Mg require
ment of turkey poults during the first 4 weeks of age was found 
to be approximately 400 ppm by Keene and Combs (1962) and Sullivan 
(1964). 

Since little information is available concerning the Mg requirement 
of the laying hen, we conducted a series of experiments to deter
mine this and, at the same time, document the effects of Mg de
ficiency. 

Procedure: 

Single Comb White Leghorn hens kept in individual wire cages were 
used in five of the six experiments. In the first experiment, 
the hens were kept in floor pens equipped with raised wire floors. 
Although the age of the hens varied, they were usually less than 
30 weeks of age at the start of each experiment. The number of hens 
used per ration treatment within an experiment ranged from 5 to 16. 
A semi-purified ration composed primarily of sucrose, isolated soy 
protein and reagent-grade mineral sources was used (Sell et al, 

1967). The Mg content of the basal ration varied from 50 to 60 ppm 
according to analyses performed by atomic absorption spectrophoto
metry. The level of calcium in the ration was 3.0%. 
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Varying levels of dietary magnesium were obtained by including 
appropriate quantities of reagent-grade magnesium sulfate in 
the rations. The rations were kept isocaloric and isonitrogenous 
within each experiment, and feed and distilled water were sup
plied ad libitum. Although six experiments were conducted, the 
results of three which illustrate the principal findings will be 
discussed. 

Results and Discussion: 

Experiment one was designed to induce Mg deficiency and simultan
eously obtain an estimate of the Mg requirement of the laying hen. 
Four levels of dietary Mg were tested: 50, 150, 250, and 350 ppm. 
Within 9 days, rate of egg production by hens fed the ration con
taining 50 ppm Mg declined noticeably (Figure 1). By day 14, egg 
production by this group of hens was down to 10%. Although not 
obvious from the egg production data, the effects of Mg deficiency 
were also becoming severe in hens fed rations with 150 and 250 ppm 
Mg by day 15. Indications of this were decreased feed consumption, 
reduced egg size and lower serum Mg concentration. At the 15th 
day, hens fed rations containing 50, 150, or 250 ppm Mg were changed 
to a ration containing 550 ppm Mg. Hens initially fed 350 ppm Mg 
were fed the ration containing 50 ppm Mg for 4 days, and then they 
were also switched to the 550 ppm ration. 

Feeding the ration containing 550 ppm Mg to hens previously fed 50 
ppm improved egg production appreciably by day 30 of the trial 
(Figure 1) and, in the case of other treatment groups, stopped 
the decline in egg production. 

Level of dietary Mg did not affect fertility of eggs, but inade
quate dietary Mg adversely affected hatchability. Hatchability 
of eggs produced by hens fed 50 ppm Mg decreased from 80% to 0 
within 15 days (Figure 2) and it also decreased slightly for 
other treatment groups during the same time interval. Interest
ingly, when hens originally fed 350 ppm Mg were fed 50 ppm from 
day 14 to day 18, hatchability of eggs produced during this time 
decreased markedly. After the dietary Mg level was increased to 
550 ppm, hatchability of eggs produced by all treatment groups 
increased. 

The majority of the embryonic mortality due to feeding rations 
low in Mg occured late in incubation {day 19 and 20). Many chicks 
hatched from eggs produced by Mg-deficient hens were morbid, suffered 
convulsions and coma, and died within 2 days after hatching. 

Experiment 2 was conducted to more closely define the hen's Mg re
quirement. Rations containing 155, 280, 405, 530 or 655 ppm Mg 
were used. Rate of egg production during an 8-week experiment re
mained at a high level for hens fed 280 ppm or more Mg (Table 1) . 
Egg production decreased slightly for hens fed 155 ppm Mg. The 
effect of ration treatments on serum Mg concentration was much 
more pronounced than on egg production and by week 4, serum Mg 
had reached a very low level in hens fed 155 ppm Mg (Table 2). 
There were no changes in serum Ca levels observed. 
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Concurrent with the decrease in serum Mg in hens fed 155 ppm Mg 
were decreases in egg weight and Mg concentration in egg contents 
(yolk plus albumen) (Tables 3 & 4). Hatchability of fertile eggs 
also declined rapidly for this treatment group (Table 5). The 
sequence in which these Mg-deficiency symptoms developed was de
creased serum Mg, decreased egg Mg and reduced hatchability, re
spectively (Figure 3). 

In experiment 3, magnesium content of the liver was found to de
crease appreciably when Mg intake was inadequate (Table 6). Con
currently liver Ca and lipid concentrations increased, particularly 
in the latter case. Histological examination of liver tissues 
showed that the accumulation of lipids was sufficient to cause 
distortion of liver cells (ie, distention of cell walls and dis
placement of nuclei). Since the liver is a metabolic tissue of 
vital importance, the physical and chemical changes in this tissue 
might be expected to disturb its function. This disturbance was 
demonstrated by a marked reduction in rate of oxidative phosphory
lation (P/0 ratio, Table 6) in liver tissue of hens severely de
ficient in Mg as compared with hens fed Mg-supplemented diets. 

The major reserve of magnesium is in the bone. Apparently the hen 
is able to mobilize a portion of this reserve during inadequate in
take (Table 6). However, when Mg deficiency is severe or prolonged, 
the "mobilizable" portion of this reserve is not sufficient to 
support the animal~ needs. 

In all experiments one or more hens fed rations containing less 
than 150 ppm Mg exhibited symptoms associated with Mg deficiency 
i.e. anorexia, loss of optic reflexes and convulsions followed by 
coma and death. 

The data from 6 experiments show that laying hens require dietary 
Mg and that the level required differs according to criteria used. 
The minimum requirements found in the current study using a semi
purified ration containing 3040 kcal. metabolizable energy per kg 
were: 155 ppm for basic metabolic processes, 255 ppm for egg pro
duction and hatchability, and 355 ppm for egg production, hatcha
bility and maximum egg weight. More specifically, the minimum Mg 
requirement for a hen weighing 1.8 to 2.0 kg would be 36 mg per day 
to support overall reproductive performance. 

Magnesium deficiency is not likely to occur in practical rations 
since natural feedstuffs contain relatively large amounts of this 
mineral. A corn-soybean meal laying ration contains about 1700 
ppm Mg; more than 4 times the minimum requirement. Assuming reason
able "availability" of this to the chicken, Mg deficiency should 
not occur. 

In view of the known physiological antagonism between Ca and Mg 
and the trend in recent years toward the use of high levels of Ca 
in laying hen rations, experiments were conducted to determine 
what influence this practice may have on the Mg requirement. It 
was found that dietary Mg requirement of the hen was increased only 
slightly when Ca levels up to 4.5% were used (Cox and Sell, 1967 
and Hajj, 1968). This indicates that the Ca-Mg relationship may 
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be of negligible significance under practical conditions. However, 
since these experiments were of relatively short duration (8 to 10 
weeks) further studies of longer duration are needed concerning this 
relationship. 

Summary 

A deficiency in dietary magnesium causes poor egg production, de
creases hatchability of fertile eggs and causes measurable physio
logical changes in the laying hen. The minimum level of Mg re
quired by the hen to support maximum overall reproductive performance 
is 355 ppm in a ration containing 3040 kcal. metabolizable energy 
per kg. This corresponds to an intake of about 36 mg of Mg per hen 
day. The Mg requirement for egg production alone is lower than that 
for maximum hatchability and egg weight. On the basis of current 
knowledge concerning factors affecting Mg utilization by animals 
and the availability of Mg from natural feedstuffs, Mg deficiency 
would not be expected to occur in the laying hen under practical 
circumstances. 
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Table 1. Effect of dietary magnesium levels on hen-day egg 
production (%) at weekly intervals. 

Dietary Mg Weeks 
{ppm) 1 2 3 4 5 6 7 8 

155 68 72 68 65 68 68 61 57Al 

280 69 78 72 78 75 82 85 85B 

405 75 72 79 79 79 72 79 79B 

530 75 72 77 80 75 72 72 75B 

655 72 78 78 77 75 75 78 78B 

Mean 

66A 

74B 

77B 

75B 

76B 

Table 2. Effect of dietary magnesium levels on serum magnesium 
(mg/100 ml) . 

Dietary Mg Weeks 

1 

{ppm) Initial 4 6 8 

155 2.90 l. lOAl l.03A 0.97A 

280 3.13 2.40B 2.37B 2.30B 

405 3.10 2.33B 2.33B 2.33B 

530 3.26 2.70B 2.63B 2.60B 

655 3.07 2.76B 2.90B 2.86B 

Treatment means showing the same superscript letter are not 
significantly different (P~0.01). 
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Table 3. Effect of dietary magnesium levels on egg magnesium 
{ppm) at weekly intervals. 

Dietary Mg Weeks 
{ppm) 1 2 3 4 5 6 7 8 

155 141 122 98Al 89a 68A 71A 64A 69A 

280 138 124 139c 116b 119B 118B 115B 113B 

405 146 123 126B 139d 13lc 126B 119B 133c 

530 153 142 128B 122bc 128c 123B 143c 127c 

655 153 140 157° 134cd 144D 155c 142c 159D 

Table 4. Effect of dietary magnesium levels on egg weight (g) 
at weekly intervals. 

Dietary Mg Weeks 2-

1 

2 

{ppm) 2 4 6 8 Mean 

155 57.3 56.2al 55.6a 54.5a 56.la 

280 57.7 57~8a 57.8ab 58.lb 57.9ab 

405 57.8 58.5ab 59.0b 59.6b 58.5ab 

530 60.7 61.0b 60.9b 60.9b 60.8b 

655 60.2 60.2b 60.8b 60.6b 60.3b 

Treatment means within each week showing the same superscript 
letter are not significantly different (A, B at P~0.01) or a, 
bat (P~0.05). 

Mean egg weight based on all eggs produced during 8 weeks. 
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Table 5. Effect of dietary magnesium levels on hatchability of 
fertile eggs (%) at weekly intervals. 

Dietary Mg Weeks 
(ppm) 1 2 3 4 5 6 7 8 Mean 

155 89 90 83 64Al 48A 33A 16A 16A 56A 

280 90 93 96 92B 92B 91B 92B 91B 92B 

405 95 94 90 94B 95B 94B 91B 96B 93B 

530 96 93 97 96B 93B 95B 96B 96B 95B 

655 92 96 92 91B 95B 92B lOOB 97B 94B 

Table 6. Effect of dietary magnesium on concentration of Mg, ca 
and lipids in the liver, rate of oxidative phosphory
lation in the liver and Mg concentration in bone. 

. 1 Liver 

Mg (ppm} 

Ca (ppm) 

Lipid (%) 

P/0 ratio 

Bone1 

Mg (%) 

1 Dry weight basis 

55 

167 A2 

583 a 2 

49.SA 

0.88A 

0.30 

Dietary Mg (ppm) 

155 455 

285 B 330 B 

384 b 316 b 

9. SB 15 B 

1. 91B 1. 90B 

0.33 0.43 

2 Treatment means within an item showing the same superscript 
letter are not significantly different (A, B at P~O. 01) or a, b, 
at P~ 0 . 05). 
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A Simplified Procedure for the Determination 
of Available Lysine in Proteins 

I. E. Liener and M. L. Kakade 
Department of Biochemistry 
University of Minnesota 

St. Paul, Minnesota 55101 

A simple and rapid method has been developed to determine the 
available lysine content of proteins and protein feedstuffs in
volving the use of 2,4,6-trinitrobenzene-sulfonic acid (TNBS). 
In brief the method involves the following steps: (1) To 1 ml 
of a solution or suspension of the protein sample in 4% NaHco

3
, 

pH 8.5, is added 1 ml of 1% TNBS solution, and the reaction is 
allowed to proceed at 40° for 2 hrs, (2) 3 ml of cone. HCl is 
added and the mixture autoclaved at 120° for 1 hr, (3) after 
cooling the solution is diluted to 10 ml and extracted twice with 
ethyl ether, and (4) the yellow color of the aqueous phase is read 
at 346 mµ. The quantity of E-trinitrophenyl (TNP)-lysine (or its 
lysine equivalent) is calculated from a standard curve employing 
various levels of E-TNP-lysine carried through the same procedure 
as the protein sample. 

This method was used to evaluate lysine content of a variety of 
plant and animal feedstuffs, and, in general, was found to yield 
values which were in good agreement with those obtained with the 
more commonly employed Carpenter method. In contrast to the latter, 
however, the present procedure offers the advantage of simplicity 
and speed for routine analyses. 
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STRAIN, SPACE AND PROTEIN FOR LAYING HENS 

George M. Speers 
Department of Animal Science 

University of Minnesota 
St. Paul, Minnesota 

INTRODUCTION 

s. L. Balloun 
Department of Poultry Science 

Iowa State University 
Ames, Iowa 

The egg production industry has undergone rapid changes in recent years 
to increase production efficiency. Most remarkable of these is the 
rapid increase in cage systems to reduce housing costs by increasing 
bird density. Along with this management innovation is the demand for 
a more definite statement of the protein requirement of the laying hen 
to further incl'IE!ase production efficiency and reduce costs. 

The protein requirement of the laying hen according to the National 
Research Council is 15% of the diet. Various research reports in 
recent years however have estimated this requirement to be as high as 
17-18% 'of the diet (Hochreich et al., 1958; and Quisenberry and Bradley, 
1962). Others have obtained optimum performance with levels as low as 
11-13% of the diet (Frank and Waibel, 1960; Smith and Lewis, 1964; 
Thornton and Whittet, 1960; and Miller~~·• 1957). 

Differences in die~ary energy levels used by these researchers un
doubtedly contributed to the different requirements reported and in
deed several authors state the protein requirement in relation to 
energy level. To overcome this discrepancy due to varying dietary 
energy level, Fisher and Shapiro (1964) have emphasized the importance 
of expressing protein and amino acid requirements on a daily intake 
basis. 

Expressed on this basis, however, differing opinions on the protein 
requirement of the laying hen still exist. Shapiro and Fisher (1965), 
using whole egg as the protein source, reported that 13-14 gm of 
protein per day was the minimum requirement of Single Comb White 
Leghorn hens based on egg production, but 16-17 gm per day was 
necessary for maximum nitrogen retention. Touchbuni and Naber (1962), 
however, found that 17 gm of protein per day was necessary for maximum 
production of their Single Comb White Leghorn pullets. 

In a study involving energy and protein intake of four strains of hens 
(White Leghorns, Barred Rocks, Rhode Island Reds and New Hampshires), 
Lillie and Denton (1965) found that a minimum of 15, 17, 20, and 28 gm 
of protein per day was required by these respective strains. Sharpe 
and Morris (1965) reported that 20 gm of protein daily was necessary 
for maximum egg output of White Leghorn type hybrids, and that the 
heavier strain Rhode Island Red X Light Sussex ?1equired 4-5 gm per day 
more protein than the Leghorns. Much below these "requirements" was 
that of Bray (1965) who fo\llld that 11.3 gm of protein daily maximized 
egg yield, although higher intake was necessary for maximum egg weight. 

It is evident from these studies that strain or breed differences may 
be an additional factor contributing to requirement discrepancies. This 
is supported by the work of Harms et al., ( 1962); Harms and Waldroup, 
(1962); Moreng et al., (1964); and"""'Oeaton and Quisenberry, (1965) who 
reported that appii'Ciable differences exist in the protein requirements 
of the common commercial strains. 
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Nesheim (1966) in reviewing the factors affecting the protein require
ment of the laying hen suggested that competition among birds in small 
cages may affect feed consumption and thus protein density required in 
the diet. Wilson et al., (1967) reported significant strain differences 
in egg production and-mortality in response to crowding. 

In light of these reports several experiments have been conducted at 
Iowa State University under the direction of Dr. s. L. Balloun to 
evaluate the influence of crowding and strain differences on the protein 
requirement of laying hens. 

RESULTS AND DISCUSSION 

The first experiment was a study of the effect of energy density on the 
protein requirement of three strains of Single Comb White Leghorn hens 
differing considerably in mature body size. The strains designated 
A, D, and E originated from the same flock but had been selected over 
11 generations for high production, large egg size and small egg size 
respectively. Mature body weights were Strain E, 1.26 kg; Strain A, 
1.54 kg; and Strain D, l.92 kg. 

The experimental diets were basically com-soybean meal diets (Table 1) 
and were calculated to contain 13, 15 or 17% protein with two energy 
levels of 2860 and 3190 Metabolizable Calories per kg. An experimental 
unit consisted of eight birds housed in groups of four 10" x 16" cages; 
therefore, with four replications of the 3 x 3 x 2 factorial, 576 birds 
were used. 

Table 1. Com osition eriment 688 
In5redients Ration 

Ground yellow corn 72 68 67 63 59 
Soybean meal (48%) 9 14 10 15 20 
Meat & bone scrap (48%) 4 4 4 4 4 4 
Alfalfa meal (17%) 3 3 3 3 3 3 
Dicalcium phosphate l 1 l 1 1 1 
Oyster she 11 6 6 6 6 6 6 
Salt and trace minera.12:/ 0.25 0.25 0.25 0.25 0.25 0.25 
Solka floe 3.25 2.25 1.25 2.25 1.25 0.25 
Soybean oil l l 1 6 6 6 
Vitamin mixY o.5 0.5 0.5 0.5 0.5 0.5 

Total 100.0 100.0 100.0 100.0 100.0 100.0 
Calculated Analzsis 
Protein % 13 15 17 13 15 17 
Metabolizable Cal/k 2860 2860 2860 3190 3190 3190 

Supplied per kg of diet: NaCl, 2.1 gm; Mn, 62.5 gm; Zn, 25 mg; 
Fe, 25 mg; cu, 2.5 mg. 

3./ Supplied per kg of diet: vitamin A, 10,000 IU; vitamin n3, 2 1000 IU; 
riboflavin, 4.4 mg; pantothenic acid, 4.4 mg; niacin, 12 mg; choline 
chloride, 120 mg; vitamin B12 , 10 mcg; and methionine hydroxy analogue 
calcium, equivalent to 0.85 gm methionine. 

Evaluation of the protein requirements of these three strains was based 
on the criteria of hen-day egg production, egg weight and feed conversion 
shown in Table 2. Since absolute daily protein intake is a more valid 
method of stating the protein requirements, Table 3 contains data on 
daily consumption of protein, energy and several amino acids. Current 
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Table 2. Hen-day production, egg weight, feed conversion of hens fed various protein 
and energy levels. Experiment 688 

13% Protein 15% Protein 17% Protein 
2860 3190 2860 3190 2860 3190 
Met. Met. Protein Met. Met. Protein Met. Met. Protein 
Cal/kg C_a_l/kg - _AYE._. __ C_al/kg Caljkg Avg. Cal/kg Cal/kg Avg. 

EGG PRODUCTION (%).!/ 

Strain A s1.oab 45.sa 48.3 56.6b 54.lab 55.4 53.9ab 58.lb 56.0 
Strain D 4s.2ab 44.la 46.2 56.4b 52.4ab 54.4 55. 3b s6.sb 56.0 
Strain E 69.9a 62.7a 64.3 7l.4a 70.2a 70.B 69.6a 69.9a 69.8 

Enersz A:::.g. 
2860 
Met. 
Cal/]cg_ 

53.8 
53.3 
70. 3 

3190 
Met. 
Cal/kg 

52.6 
51.1 
67.6 

Protein x Energy Avg. 56.4 so.a 53.6 61.s 58.9 60.2 59.6 61.6 60.6 59.l 57.l 

EGG WEIGHT (gm).!,/ 

Strain A 52.la 53.4ab 52.8 54.obc 54. 7bc 54.4 54.4bc 55.3c 55.4 53.5 54.4 
Strain D 64.6a 65.4a 65.0 65.2a 64.7a 65.0 65.aa 66.oa 65.9 65.2 65.4 
Strain E 41.Sa 4l.6a 41.7 41.7a 42.2a 42.0 42.6a 42.0a 42.8 42.0 42.3 

Protein x Energy Avg. 52.8 53.5 53.2 53.6 53.9 53.8 54.3 54.8 54.7 53.6 54.0 

gm FEED/gm EGG.!/ 

Strain A 3.33bc 3.26bc 3.30 2.96ab 2. 77a 
Strain D 3.64b 3. 73b 3.68 3.2sab 3.06a 

2.86 3.2oab 2. 75a 2.98 3.16 2.93 
3.17 3.35ab 2.94a 3.14 3.42 3.24 

Strain E 2.43a 2.6la 2.52 2.47a 2.24a 2. 36 2.42a 2.23a 2. 32 2.44 2.36 

Protein _x Energy Avg. __ _ 3_._]._3~------1_.20 __ --~3_.17 ___ 2.90 2.69_ 2.80 2.99 2.64 2.81 3.01 2.84 

!J Values within a strain not followed by the same superscript are significantly different at P ~ 0.05. 



Table 3. Daily feed, energy, protein and amino acid consumption.!/ 
Experiment 688 

2860 Met. Cal/k~ 3190 Met. Cal/k~ 

NRclf 13% 15% 17% 13% 15% 

Strain A 

Total Feed (gm) 110 86 92 92 80 81 
Metabolizable Calories 315 245 265 265 250 260 
Total Protein (gm) 16.5 11.2 13.8 15.6 10.4 12.2 

Arginine (mg) 880 650 825 960 615 735 
Lysine (mg) 550 570 730 860 540 655 
Methionine + Cystine (mg) 585 l.j.45 525 575 415 460 
Tryptophan (mg) 165 130 160 190 120 145 

Strain D 

Total Feed (gm) 138 112 120 121 106 104 
Metabolizahle Calories 395 320 345 345 340 330 
Total Protein (gm) 20.7 11.j..6 18.0 20.6 13.8 15.6 

Arginine (mg) 1100 845 1075 1260 810 940 
Lysine (mg) 690 740 955 1130 715 840 
Methionine + Cystine (mg) 730 580 685 754 545 585 
Tryptophan (mg) 205 165 210 250 160 185 

Strain E 

Total Feed (gm) 81 73 74 71 67 66 
Metabolizable Calories 230 210 210 200 215 210 
Total Protein (gm) 12.l 9.5 ll.l 12. l 8.7 9.9 

Arginine (mg) 650 550 660 740 515 605 
Lysine (mg) 405 480 585 660 455 540 
Methionine + Cystine (mg) 430 380 420 440 345 375 
Tryptophan (mg) 120 110 130 145 100 120 

!/ Amino acid consumption calculated from National Research Council 
Publications 449 and 585. 

!/ National Research Council Publication 1345. 
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National Research Co\Dlcil (NRC) 1966 daily nutrient recommendations are 
included in Table 3 for comparison. Adjustments in these recommendations 
were made for the differing body sizes of Strain D and E. 

The data of Table 2 show no significant difference in hen-day egg produc
tion for Strain A due to protein with lower energy diets. There was, 
however• a trend for increased egg production (8%) for Strain D when 
protein was increased above 13% with the lower energy diets. When fed 
the higher energy diets. both these strains exhibited a significant 
linear increase in egg production to increasing protein from 13% to 17%, 
indicating that this highest level of protein was beneficial. Strain D 
did not show any response to dietary protein for egg weight. Strain A, 
however, required 15% protein at the lower energy level for maximum egg 
size and with the higher energy diets showed a linear increase in egg 
weight due to increasing dietary protein. There was a trend for improved 
feed conversion of Strain A and D when the lower energy diets contained 
at least 15% protein while at the higher energy level the 15% diets gave 
significantly improved feed conversion for these strains compared with 
the 13% protein diet. 

The 13% protein level, when the diets contained 2860 M.E. Calories/kg, 
appeared adequate for egg production, egg size and feed conversion for 
the Strain E birds. Trends for improved egg production and feed con
version however were observed with 15% protein compared to the 13% 
protein in diets containing 3190 M.E. Calories/kg. 

Strains A and D required diets containing 15% protein at the lower 
energy level and 17% at the higher energy level to maximize all the 
production criteria. Strain E birds required 13% and 15% protein at 
these respective energy concentrations. These diets corresponded to 
daily protein intakes of approximately 10 gm for Strain E, 14 gm for 
Strain A and 18 gm for Strain D as shown in Table 3. This protein 
consumption and also total feed and energy consumption are quite 
reduced compared to what would be expected from the NRC recommendations. 
Consumption of the sulfur amino acids also is markedly below current 
recommended levels with no response observed with increased consumption. 

The next experiment was conducted to evaluate the effects of strain and 
feed intake on protein requirements of two commercial breeds of laying 
hens. Hyline 934H and Ames Incross 525 pullets were housed at two levels 
of crowding, one or two birds per 10" x 16" cage, and fed five protein 
levels. Treatments were applied to triplicate experimental units of 
four cages per unit. The coni-soybean meal experimental diets ranged 
in protein from 12 to 20% at 2% increments (Table 4). Tables 5 and 6 
give the results for the experiment over the entire experimental period 
while Table 7 gives the calculated daily consumption of several amino 
acids and their requirements as calculated from NRC (1966). 

Hen-day egg production and feed conversion for the Hyline hens showed a 
curvilinear response to increased protein intake. The 16% protein diet 
supplying approximately 15 gm of protein per day was adequate and hens 
of this strain consuming the 20% diet actually produced fewer eggs with 
a significantly greater feed requirement. There was also a significant 
improvement in egg weight with increasing dietary protein up to 16% with 
no further improvement when hens were fed 18 or 20% diets. The 12 and 14% 
diets resulted in not only a low average egg weight but considerable delay 
in attainment of "large" egg size. Body weight gains also increased 
linearly with increased protein co~,~~ion. 



Table 4. Composition of diets. Exneriment 647 
Ins::edients !!6 of 

. 
the Ration 

Ground yellow corn 80 75 70 65 60 
Soybean meal (49%) 4 9 14 19 24 
Meat and bone scrap (50%) 4.8 4.8 4.8 4.8 4.8 
Alfalfa meal (20%) 2 2 2 2 2 
Dicalci\.UTI phosphate l l 1 l 1 
Ground oyster shell 5 5 5 5 5 
Solka floe 2 1.5 l 0.5 0 
Soybean oil 0.5 l.O 1.5 2.0 2.5 
Salt and trace minerai.Y 0.2 0.2 0.2 0.2 0.2 
Vitamin mixY 0.5 0.5 0.5 0.5 o.5 

Total 100:0 100:0 100:0 100:0 100:0 
Calculated Anallsis 
Protein % 12 14 16 18 20 
Metabolizable Cal/k 2970 2970 2970 2970 2970 

Suppl ed per kg of diet: NaCl, 1. 7 gm; Mn, 50 mg; Zn, 20 mg; 
Fe, 20 mg; Cu, 2 mg. 

~ Supplied per kg of diet: Vitamin A, 9,000 IU; vitamin n 3 , 2,000 IU; 
riboflavin, 4.4 mg; pantothenic acid, 4.4 mg; niacin, 1 mg; choline 
chloride, 120 mg; vitamin B12 1 10 mcg; and methionine hydroxy analogue 
calcium, equivalent to 0.64 gm methionine. 

Hyline hens housed at a density of one per cage produced significantly 
mot"'! eggs with less feed than those housed two per cage. A significant 
protein x crowding rate interaction was found indicating a smaller egg 
weight response to increasing protein when this strain was housed two 
per cage. This was probably the result of decreased feed intake of hens 
housed two per cage. 

For Ames Incross hens, the 14% protein diet, supplying 16 gm of protein 
daily was adequate for egg production, egg weights, feed conversion and 
live weight gains. Feeding more than 16 gm protein daily did not sig
nificantly increase any of the above production criteria. Performance 
was seriously reduced for those birds receiving the 12% diet (12 gm 
protein daily). Placing two Ames Incross hens in each cage did not 
significantly effect protein consumption, egg production, feed conversicn 
or egg weight. 

As can be seen from Table 7 the 16% protein diet for the Hy-Lines supplied 
15 gm of protein per day (90% of the NRC requirement) and 523 mg of the 
sulfur amino acid (92% of NRC). Protein and amino acid consumption is 
also given for the peak production period and these are still somewhat 
below the NRC recommendations. The 14% protein diet supplying 16 !l1Tl 
protein daily was apparently adequate for the Ames Incross hens and 
this protein intake is markedly below the NRC recommendation for "chickens 
of the heavy breeds". At this protein intake the sulfur amino acids and 
tryptophan should have been limiting for this strain. 

The results of the experiment indicate, however, that a protein consumption 
of 16 gm per day was adequate for either strain and the sulfur amino acids 
were not limiting even when consumed at only 90% of the NRC recommendation. 
There was no evidence that these strains differed in their protein require
ments expressed as grams protein consumed per hen daily. 
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Table 5. Effect of protein intake and crowding intensity on performance 
of Hy-Line laying hens. Experiment 647 

Diet Protein Egg Avg. Egg Weight 
Protein Intake.!/ Hens/ Prod. Feed Weight Gain1/ 

(%) (gm) Cage (%) Conv.Y (gm) (gm) 

12 10.95 l 57.50 2.96 53.92 50 
10.90 2 56. 80 2.99 53.85 10 

Avg. 10.93 57.15a 2.98a 53.89a 3oa 

14 13.28 l 71.42 2.43 55.13 210 
12.65 2 61.60 2.67 55.07 230 

Avg. 12.97 66.60b 2.5sb 55.lOa 220b 

16 15.16 l 74.14 2.26 56.70 280 
14.63 2 66.73 2.43 56. 35 250 

Avg. 14.90 70.44b 2 • 35C 56.58b 265c 

18 17.08 1 68. 84 2.41 58.11 400 
16. 30 2 70. 86 2.33 55.31 270 

Avg. 16.69 69.8sb 2.37c 56.7lb 335d 

20 19.28 l 69.20 2.39 58.50 320 
18.40 2 64.10 2.57 56.22 330 

Avg. 18.84 66.65b 2.48bc 57.36b 325d 

Avg. 15.51 1 68.22a 2.49a 56.47a 252a 
Avg. 14.58 2 64.02b 2.sob 55.36b 218a 

Values in columns not followed by the same letter are significantly 
different at P <. o.o5. 

lJ Mean grams protein intake daily per hen over experimental period of 
280 days. 

'l.J Grams feed per gram of eggs produced. 

21 Average gain in live weight per hen in 280 days {initial avg. weight 
1795 g) 
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Table 6. Effect of protein intake and crowding intensity on performance 
of Ames Incross hens. Experiment 647 

Diet 
Protein 

(%) 

Protein 
Intakel:/ 

(gm) 

12 12.37 
11.60 

Avg. 11.99 

14 

16 

18 

20 

15. 82 
16.20 

Avg. 16.01 

16.18 
17.02 

Avg. 16.60 

20.11 
19.42 

Avg. 19. 77 

21.16 
21.50 

Avg. 21. 33 

Avg. 
Avg. 

17.13 
17.15 

Hens/ 
Cage 

l 
2 

1 
2 

l 
2 

l 
2 

l 
2 

l 
2 

Egg 
Prod. 

(%) 

46.27 
36.17 

56.73 
63.92 

60. 32b 

62.83 
54.33 

58.5ab 

63.21 
62.90 

63.06b 

54.62 
60.70 

57.66b 

Feed 
Conv.3./ 

4.18 
4.68 

2. 82 
3.27 

3.o5b 

2.95 
2.89 

2.92b 

3.30 
2.90 

3.lob 

Avg. Egg 
Weight 

(gm) 

55.84 
57.46 

56.654 

63.20 
61.03 

62.12b 

57.92 
60.50 

59.2lc 

59.98 
59.54 

58.80 
61.08 

Weight 
Gain1/ 
(gm) 

141 
141 

245 
163 

204b 

195 
168 

182b 

200 
218 

209b 

272 
182 

227b 

Values in columns not followed by the same letter are significantly 
different at p<:: 0.05. 

Y Means grams protein intake daily per hen over experimental period of 
252 days. 

~ Grams feed per gram of eggs produced. 

11 Average gain in live weight per hen in 252 days (initial avg. weight 
2010 g). 
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Table 7. Protein and amino acids consumed daily per hen, compared with 
amino acid "requirements" (NRC) for Hy-Line and Ames Incross 
hens. Experiment 647 

A. Hy-Lines 

Protein (gm) 
Arginine (mg) 
Lysine (mg) 
Cystine (mg) 
Methionine (mg) 
Tryptophan (mg) 

B. Ames Incross 

Protein (gm) 
Arginine (mg) 
Lysine (mg) 
Cystine (mg) 
Methionine (mg) 
Tryptophan (mg) 

NRclJ 12 \ 

16.50 
880 
550 
270 
300 
160 

18.70 
1000 

625 
313 
350 
188 

10.9-12.5 
620-720 
450-520 
175-200 
245-280 
110-127 

12.0-13.7 
690-787 
500-570 
192-220 
270-308 
122-140 

Experimental DietsZ/ 
20 % 

13.0-13.7 
760-800 
600-640 
200-212 
272-288 
130-136 

16.0-17.3 
935-1010 
740-800 
246-266 
335-363 
158-170 

14.9-15.8 
890-940 
740-790 
223-238 
300-320 
158-168 

16.6-17.9 
994-1075 
830-900 
248-270 
335-360 
176-190 

16.7-17.1 18.8-20 
1010-1050 1160-1230 
860-880 
245-252 
321-330 
176-180 

19.8-21.6 
1208-1320 
1020-1120 
290-320 
380-420 
210-230 

990-1050 
283-299 
352-373 
207-219 

21.3-23.2 
1310-1424 
1120-1210 
320-350 
400-433 
235-255 

!I Tables 5 and 9 • National Research Cotmcil Publication 1345. 

'!J The first figure in each column is the mean calculated consumption 
over the entire experimental period. The second figure in each 
coltunn is the mean calculated consumption for the "peak" 28-day period. 
Calculations made from National Research Council publications 449 and 
585. 

OWings et al. conducted a third experiment in which commercial Leghorn 
pulletsTHY°=Line) were housed in 10" x 16" cages at two densities, two 
and three birds per cage and fed at three protein levels - 16.0, 17.5, 
and 19.0% (Table 8). The treatments were replicated three times with 
48 cages per replication for a total of 2160 birds. Data on egg 
production, feed/dozen eggs, and mortality were collected over 14 
28-day periods. During the first ten weeks the temperature of the 
house was maintained at 26.5°-3o 0 c (80-86°F) as an added stress. 

Hen-day egg production was only slightly improved over the entire experi
ment by feeding the highest protein level and was reduced 4.4% when birds 
density was increased from two to three per cage. There were no signifi
cant differences due to the dietary treatments or crowding for mortality 
or feed required per dozen eggs. When the data were combined :into the 
period groups as shown in Table 9 there was a significant pro~ein x 
density interaction in the last two period groups. Hens at a density 
of three per cage produced significantly more eggs on the 19% protein 
diet. This was attributed to the reduced feed and protein consumption (Table g) 
when birds were crowded three per cage. 
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Table 8. Com osition of diets. 
Ingredients 

Corn 
Soybean meal (50%) 
Meat and bone scrap (50%) 
Alfalfa meal (17%) 
Deflourinated phosphate 
Limestone (ground) 
Salt + (MnS04).!/ 
Fat, stabilized 
Vitamin mi~ 

Total 

69.2 
15.0 

4.5 
2.0 
1.5 
6.0 
0.3 
1.0 
0.5 

1'0"5:0 

of the Ration 
64.5 
18.7 

4.5 
2.0 
1.5 
6.0 
0.3 
2.0 
0.5 

ii50.0 

59.7 
22.5 
4.5 
2.0 
1.5 
6.0 
0.3 
3.0 
o.5 

100:0 
Calculated Analysis 
Protein \ 16.0 17.5 19.0 
Metabolizable Cal/kg 2900 2920 2920 
!; Supplied per kg of diet: NaCl, 2.88 gm; Mn, 33 mg. 

Y Supplied per kg of diet: Vitamin A, 5,500 ItJ; vitamin n3, 
l,650 ICU; riboflavin, 4.4 mg; pantothenic acid, 4.4 mg; 
niacin, 11 mg; choline chloride, 220 mg; vitamin B12, 
4.4 mcg; and methionine, 0.5 gm. 

Table 9. Effect of crowding and dietary protein level on hen-day 
production and protein intake of Hy-Line hens. Experi-
ment 657 

Dietary Hen-daz etB !reduction ~~5 Dalli Erotein consumE• l~5 
Protein Hens/ er ods Periods 

(%) Cage 1-5 6-10 11-14 1-14 1-5 6-10 11-14 1-14 

16.0 2 71.2 69.5 56.3 66.3 15.6 16.2 17.3 16.3 
3 66.4 64.6 50.9 61.3 14. 7 15.6 15.2 15.1 

Avg. 68.9 67.T 53.6 63.8 I5.2 I5.9 I6.2 15.7 

17.5 2 71. 3 68.8 55.1 65.8 16.9 18.2 18.5 17.7 
3 65.8 63.9 49.8 60.6 16.2 17.0 17.5 16.7 - 66.3 52.5 63.2 I6.6 I7.6 I8.0 T7.2 Avg. 68.6 

19.0 2 73.8 69.9 56.2 67.4 18.0 19.2 20.7 19.2 
3 69.4 68.3 53.0 64.3 18.2 18.7 18.7 18.2 

Avg. 71.6 69:T 54.6 65.8 I8.T 19.0 19.7 'i8.7 

Density 
Averages: 2 72.l 69.4 55.9 66.5 16.8 17.9 18.8 17.6 

3 67.3 65.6 51.2 62.1 16.4 17.l 17.l 16.7 

PI'eliminary data is available from an experiment now in progress in which 
Welp hens are being used in a crowding and protein study. Three densities, 
1, 2, and 3 birds per 10" x 16" cage,and four protein levels, 12, 14, 16, 
and 18% (Table 10), are being studied in six replications. 
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Table 10. Composition of diets. Experiment 729 
Ingredients % of the Ration 

Ground yellow corn 81.0 75.5 70.0 64.4 
Soybean meal (48%) 6.0 11.0 16.0 21.0 
Fish meal (60%) 3.0 3.0 3.0 3.0 
Alfalfa meal (17%) 2.0 2.0 2.0 2.0 
Dicalcium phosphate 1.0 1.0 1.0 1.0 
Oyster shell 

minerai.Y 
6.0 6.0 6.0 6.0 

Salt and trace 0.3 0.3 0.3 0.3 
Soybean oil 0.2 0.7 1.2 1.8 
Vitamin mix3./ 0.5 0.5 0.5 o.s 

Total 100.0 100.0 100:0 100.0 
Calculated Analysis 
Proteln % 12 14 16 18 
Metabolizable Cal/kg 2975 2975 2975 2975 
.!; Supplled per kg of diet: NaCl, 2.7 gm; Mn, 36 mg; Zn, 45 mg; 

Fe, 53 mg; Cu, 5.4 mg. 

Y Supplied per kg of diet: Vitamin A, S,000 IU; vitamin D3, 2,000 IU; 
riboflavin, 5 mg; pantothenic acid, 5 mg; niacin, 15 mg; choline 
chloride, 200 mg; vitamin B12, 5 mcg; and methionine hydroxy analogue 
calcium, equivalent to .s gm. 

Table 11. Hen-day production, average egg weight, feed conversion, 
and daily protein consumption of Welp hens at three 
crowding levels and fed four protein concentrations. 
E~eriment 729 

Protein Dietary Egg Egg 
Protein Hens/ Intake,Y Prod.Y WeightY Feed 

(%) Cage ( S!!!) (%) (5m) Conv.~1' 
12 1 12.7 76.87bC 57.398 2.42bc 
12 2 12.1 68.2oa s1.soab 2.s5d 
12 3 12.l 67.45a 58.30ab 2.ssd 
12% - 10.s4J< 57 .6 31( Aver~e 12.3 2.s2m 
14 1 13.9 1s.09tsc ss.03ab 2.22a 
14 2 14.l 71. 75ab s0.43ab 2.4sed 
14 3 13.9 12.sob 58.45ab 2. 32abc 
14% Average 14.0 73.3eI 58.57! 2.33! 
16 1 16.2 79.87C 59.37ts 2.1sa 
16 2 15.7 11.29bc 58.6Sab 2.11a 
16 3 16.0 1s.2obc 58. 95ab 2.20ab 
16% Aver~e I6.0 77.4Sm 58. 99! 2.201< 
18 1 17.S 1s.1sbc 59.90b 2.2oa 
18 2 18.2 79.86c ss.osab 2.19a 
18 3 18.2 11.s4bc 59 .19ab 2.23a 
18% Average 18.0 11.s3m 59.osI 2.211< 
Density Averages: 

1 76.9SY s0.07x 2.2sx 
2 74.2Bx 5B.16X 2. 34Y 
3 73.l7x SB. 72X 2.35Y 

y Values within a column not followed by the same superscript are 
significantly different at P ~ 0. 05. 

y Mean grams of protein intake daily over eight 28 day periods. 
y Grams of feed per gram of egg produced. 
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The data in Table 11 is a summary of the first eight 28-day periods. 
~aximum production, egg weight and feed conversion were not attained 
lmtil the diet contained 16% protein and the birds were consuming 16 gm 
protein per day. A greater protein intake did not improve any of the 
production criteria. Increasing the bird density seemed to reduce hen
day egg production to a greater extent at the lower protein intakes while 
egg production was not greatly influenced by crowding when the higher 
protein levels were fed. Production of birds housed one per cage was 
not greatly different for any of the protein intakes. This significant 
diet x crowding interaction cannot be explained on the basis of feed 
consumption since at this time the only difference in da.ily feed intake 
for the various treatments was a slight increase for the birds fed 12% 
protein housed one per cage. Their daily protein consumption of 12.7 gm 
per day was, however, markedly below the 16 gm per day necessary to 
maximize all production criteria measured. Daily consumption of several 
critical amino acids at a protein intake of 16 gm per day was in excess 
of the NRC recommendations in this experiment. 

SUMMARY 

These several experiments illustrate the important considerations of 
strain and bird density necessary in formulating diets for laying hens. 
Experimental strains varying widely in body size were found to have 
quite different protein requirements when expressed as gm of protein 
per day. With the cormnercial strains used in these studies the protein 
requirement expressed on a daily intake basis to maximize the production 
criteria was not significantly different. Due to differences in feed 
intake, however, Ames Incross hens required diets with a lower protein 
density than the Hy-Line or Welp hens. Bird density was observed to 
have a possible influence on protein concentration required in laying 
hen rations due to a reduction of daily feed intake. Strain differences 
were observed for this density effect with the three commercial strains 
used. There was also a suggestion of a diet x crowding interaction 
not related to feed intake. 
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WHEAT IN POULTRY RATIONS 

Jerry L. Sell 
Animal Science Department 

North Dakota State University 
Fargo, North Dakota 

Wheat is a major ingredient of poultry rations in many areas of 
the world. However, its use since the late 1940's has been greatly 
curtailed in the U.S. due to an unfavorable cost relationship to 
other grains. In recent years, feed-grade wheat has been compet
itively priced with other feedstuffs and therefore has received 
renewed attention. 

Wheat is used in poultry rations primarily as an energy source, 
but it also contributes considerable protein to the diet. Wheat 
grown in the North Central region of the U.S. and in Western Canada 
contains an average of 13.7 percent protein and 3080 kilocalories 
of metabolizable energy per kilogram. The average figures may be 
misleading because considerable variation exists in the nutrient 
content of wheat. Factors contributing to this variation include 
type of wheat (i.e. red spring vs durum). geographical region in 
which wheat is grown, differences among varieties, fertility of 
soils, and conditions of growth and harvest. 

Wide ranges in proximate composition have been noted with wheat 
produced in North Dakota and Manitoba (Table 1). Although the 
proximate composition of the majority of wheat samples was reason
ably near the mean. The extreme range in protein content empha
sizes the need for routine laboratory analyses prior to including 
this grain in poultry rations. 

It is also important to recognize that the amino acid concentra
tion in the wheat protein may vary (Price, 1950; Sosulski et al, 
1963; and Hepburn and Bradley, 1965). An inverse relationship 
apparently exists between lysine and protein content of wheat. 
Generally speaking, as protein level of wheat increases, lysine 
concentration in the wheat protein decreases (McDonald and Gilles, 
1967). The nutritional implications of this relationship are 
obvious. 

In 1936, Crampton listed wheat as being equal to, and in some 
cases, superior to corn as an ingredient of poultry rations. In 
a review of more recent information, McGinnis (1964) cited data 
which showed wheat to be both inferior and superior to corn as a 
major component of chicken and turkey rations. Harper (1966) 
concluded that wheat was approximately 92 percent of the value of 
corn for growing turkeys while Waldroup et al (1967) reported 
wheat to be equal to corn for feeding turkeys when the grains 
were used according to their nutrient composition. The majority 
of research data obtained in the North Central U.S., indicates 
that the feed value of wheat is at least equal to corn for growing 
chicks and turkeys. Frequently, wheat is superior to corn in terms 
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of feed cost per unit of final product, and practical experience 
bears this out. 

Recent information concerning the relative feeding value of wheat 
for laying hens is scarce. Therefore, an experiment was conducted 
to compare hard red spring wheat with other grains as a major 
ration component for layers. Single Comb White Leghorn hens housed 
in individual cages were fed all-mash rations containing wheat, 
corn, barley or oats as the grain component (Table 2). The rations 
were formulated to be isonitrogenous (16.5%) but metabolizable 
energy ranged from 2640 kcal/kg. for the ration containing oats to 
2860 for the ration containing corn. Egg production during the 
280 day period was nearly equal for hens fed rations containing 
wheat, corn or barley. Efficiency of feed use was essentially 
equal for hens fed wheat or corn diets while average egg weight 
was slightly lower for wheat-fed hens. Hens fed wheat gained 
slightly more in body weight than those fed other grains and 
mortality was not affected by ration treatment. Lockhart ~..al 
(1967) obtained similar resu1ts in that rations based on hard 
red spring or durum wheats supported a rate and efficiency of egg 
production comparable to one containing corn while average egg 
size was smaller with the wheat diets (Table 3). 

Using grain prices prevailing in the Minnesota - North Dakota 
area, it was found that a lower feed cost per dozen eggs could 
have been obtained by using wheat instead of corn during two of 
the last three years. 

The use of wheat in low-protein rations with or without amino 
acid supplementation has also been investigated (Sell and Hodgson, 
1966). Low-protein rations in which wheat and soybean supplied 
all the protein were compared with a "normal", higher protein 
ration (Table 4). The results showed that hens fed a wheat-soybean 
meal ration containing 13.5 percent protein performed well over a 
308 day production period (Table 5). The addition of 0.1 percent 
methionine hydroxy analogue to the low-protein ration decreased 
feed intake, egg production and efficiency of feed utilization. 
In contrast, supplementation of the low-protein ration with 0.1 
percent lysine improved feed conversion and egg weight as compared 
with the unsupplemented ration. These data show that lysine was 
the most limiting amino acid in the low-protein ration and that the 
addition of a methionine source without simultaneous lysine supple
mentation aggravated the deficiency of lysine. Although hens fed 
the low-protein ration with added lysine produced eggs at a high 
and efficient rate, maximum egg weight was obtained only when both 
lysine and methionine hydroxy analogue had been added to the ration. 
Mortality was low (4%) during the trial and was not related to any 
treatment. 

A second experiment was conducted to corroborate the findings of 
the first, and through the initial 4, 28 - day periods this was 
accomplished (Part A, Table 6). Lysine was most limiting in the 
low-protein ration and methionine supplementation aggravated this 
condition. However, the quantity of wheat set aside for this 
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experiment was inadvertently used for another purpose and the 
supply was exhausted by the end of period 4. Another source 
of wheat was used and the protein content of the new wheat was 
very high. Consequently, protein in the low-protein ration 
increased nearly 3 percent. The .. performance of hens fed the so
called, low-protein ration was quite good during the supsequent 
7 periods {Part B, Table 6). However, no response to supple
mental lysine was obtained while the addition of methionine alone 
or along with lysine adversely affected feed consumption and egg 
production. The results suggested that one of the other essential 
amino acids may have become limiting. Examination of the calcu
lated amino acid composition of the low-protein ration used in 
experiment 2 indicated that leucine may have been present at a 
slightly deficient level. A subsequent experiment utilizing 
a high-protein wheat and conditions similar to those of experi
ment 2 revealed no favorable response to added leucine. 

Summary 

The data reported herein and that obtained from other research 
show that wheat is a useful ingredient of poultry rations. Its 
usefulness is limited only by an understanding of its nutritional 
properties and the prevailing economic situation. Absolute dollar 
values for wheat as compared with corn would not be very meaning
ful because of variability in costs of other basic nutrient 
sources over a period of time. Generally, wheat attains a more 
favorable relationship with corn as the cost of major protein 
sources {i.e. soybean meal) increases. The opposite is true when 
sources of dietary energy become more expensive relative to pro
tein. Wheat also possesses much promise as a potential compo
nent of simplified-type laying hen rations whereby more efficient 
use of the nutrients contained in a diet may be obtained through 
judicious amino acid supplementation. 
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Protein (%) 
Fat (%) 

Table 1. Examples of the variability in nutrient 
content of wheat and corn. 

Wheat 

Range 

8-17 

Mean Range 

7.7-9.3 
2.6-4.4 
1.8-3.7 

Corn 

Fiber (%) 
Metabolizable energy1 

1. 5-4.8 
2.5-5.7 

2640-3560 

13.7 
1. 7 
2.8 

3080 3120-3560 
(kcal. /kg. ) 

Mean 

8.9 
3.5 
2.9 

3480 

1 Metabolizable energy values were taken from the data of Sibbald and 
Slinger, 1962. Poultry Sci. 41:1612. 

Table 2. Performance of hens fed rations differing 
in cereal grain component. 

Ingredient 

Wheat 
Corn 
Barley 
Oats 
Anima! Tallow 
Other 

Hen-day Egg Prod. (%) 2 

Feed/doz eggs (kg) 
Av. Egg Weight (g) 
Change in body weight (g) 

Red Spring 
Wheat 

71 

3 
26 

308 day production 

82 .8 
1.64 

57.4 
+445 

Rations 

Corn 
(%of 

62 

3 
35 

82.4 
1.64 

58.8 
+381 

Barley 
ration) 

63.5 

4.5 
32 

82.4 
1. 78 

60.1 
+381 

Oats 

63.5 
4.5 

32 

73.6 
1.89 

60.5 
+345 

1 Other refers to ingredients contributing vitamins, minerals and pro
tein. 

2 Each value represents a mean of 30 individually caged hens for a 308 
day production period. 
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Table 3. Performance of hens fe1 rations differing in 
cereal grain component . 

Red Spring Durum 
Wheat Wheat Corn 

Hen-day 2 

Egg production (%) 65.2 69.8 64.6 

Kg. Feed/doz. Eggs 2.27 2.12 2.22 

Percent Large Eggs 72.3 80.0 83 .8 

1 Lockhart et al, 1967. North Dakota Farm Res. 24(11) :8. 

2 Each value represents a mean of 4 pens of 35 hens each over a 
252 day production period. 

Table 4. The composition of the laying hen rations used 
in evaluating low-protein wheat-soybean meal rations. 

Ingredient 

Ground Wheat 
Soybean Meal (45% protein) 
Meat meal (50% protein) 
Dehyd. Alf. Meal (17% protein) 
Dr. Dist. Solubles (corn) 
Gr. Limestone 
Defluor. Rock Phosphate 
Vitamin Premix 
Mineral Premix 
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Control 

75.5 
7.0 
4.0 
2.0 
2.0 
6.5 
1. 5 
1.0 
0.5 

Low-protein 

(% of ration) 

86.5 
4.0 

6.5 
1. 5 
1.0 
0.5 



Table 5. Amino acid supplementation of low-protein, wheat
soybean meal rations for laying hens - Experiment 1. 

Ration Feed Cons/ Hen-Day Feed/ Average 
Treatment Hen-Day Egg-Erod. doz. Eggs. Egg wt. 

(g} (%} (kg) (g) 

Control 1 121 78.2 1.85 58.9 

Low-protein 114 72.2 1. 90 54.3 

Low-protein + 0.1% MHA 107 66.7 1. 90 55.5 

Low-protein + 0.1% Lysine 119 77.4 1.85 57.7 

Low-protein + 0.1% MHA + 122 81.6 1.80 59.2 
0.1% Lysine 

1 Each value represents a mean of 20 individually caged hens per ration 
treatment over a 308 day production period. 

- 142 -



Ration 
Treatment 

Control 
High-protein 
Low-protein 
Low-protein 
Low-protein 
Low-protein 

+ 0.1% M 

Control 1 

Table 6. Amino acid supplementation of low-protein 
soybean meal rations for laying hens. 
Experiment 2. 

Feed Cons/ Hen-Day Feed/ 
Hen-Day Egg Prod. doz Eggs 

(g) (%) (kg) 

Part A - periods 1 - 4 

107 87.1 1.48 
105 83 .4 1. 50 
108 80.2 1.62 

+ 0 .1% M 96 73.7 1. 56 
+ 0.1% L 109 83.2 1. 58 
+ 0.1% L 103 79.8 1. 55 

Part B - periods 5 - 11 

108 74.1 1. 75 
High-protein 104 72.6 1. 73 
Low-protein 110 73.4 1.80 
Low-protein + 0.1% M 98 63.9 1.83 
Low-protein + 0.1% L 110 73.8 1. 79 
Low-protein + 0.1% L 

+ 0.1% M 102 69.3 1. 76 

Average 
Egg wt. 

( g) 

55.7 
55.6 
53.7 
49.8 
53.1 
51. 5 

50.6 
58.8 
56.8 
54.0 
56.5 

54.0 

1 Each value represents a mean of 30 individually caged hens per ration 
treatment. 
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HIGH ENERGY RATIONS FOR TURKEYS 

L. M. Potter 
Department of Poultry Science 

Virginia Polytechnic Institute 
Blacksburg, Virginia 24061 

The protein and energy components of feedstuffs constitute about 
85 to 90 percent of the total economic value of a ton of turkey 
ration. This observation comes to light when formulating rations 
by linear programming techniques (9). Emphasis should be placed 
in research on evaluating feedstuffs for their metabolizable energy, 
digestible protein and amino acid contents and on the requirements 
of these nutrients by turkeys at various ages. This presentation 
deals primarily with the information received in experiments which 
were designed to determine the influence of energy and protein 
levels in turkey rations on growth and feed efficiency in an effort 
to better establish the requirements of turkeys for these nutri
ents. 

During the past seven years, a large portion of the research work 
in the field of turkey nutrition at this university has been de
voted to the influence of energy and protein levels in diets of 
young turkeys on their growth, feed efficiency and economic pro
duction. A brief summary of this research work is presented in 
the following paragraphs. 

Results of Experiments Conducted in Batteries at V.P.I~-

A series of ten battery experiments in which diets containing O, 
4, 8, 12, 16, and 20 percent added fat were fed to turkeys from 
one day to eight weeks of age were conducted (1, 2, 3, 4, 5, 7, 8). 
In these experiments 624 pens and 5616 small or medium type tur
keys were used. To increase the level of fat in the diets, 4.0 
percent fat and 0.82 percent dehulled soybean meal were added in 
the place of 4.82 percent ground yellow corn. 

From the first eight of these experiments, (8) the average body 
weights of the turkeys fed diets containing 0, 4, 8, 12, 16, and 
20 percent added fat were 1820, 1857, 1897, 1884, 1814, and 1747 
grams. The average feed consumptions were 3419, 3339, 3241, 3068, 
2850, and 2673 grams and the average feed efficiencies were .5172, 
.5408, .5696, .5980, .6197, and .6398, respectively. 

When hydrolyzed animal and vegetable fat was used as a variable 
in the first three experiments (2), feed efficiencies or the body 
weight-gain to feed consumption ratios increased .0061 or 1.18 
percent for each one percent fat added to the diets over that from 
diets without added fat. In the next two experiments (3) in which 
beef tallow was used, the feed efficiencies inc~eased .0045, or 
0.89 percent for each one percent fat added to the diets over that 
from diets without added fat. When corn oil, poultry oil, hydro
lyzed animal and vegetable fat, and beef tallow were used in the 
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next three experiments (4,5), feed efficiencies increased .0068, 
.0067, .0072, and .0063, or 1.30, 1.28, 1.38, and 1.20 percent 
for each one percent added fat. When soybean oil, poultry oil, 
lard, yellow grease, hydrolyzed animal and vegetable fat, beef 
tallow, corn oil and cerelose were used in the next experiment 
(7), feed efficiencies increased .0086, .0087, .0085, .0084, 
.0078, .0075, .0073, and .0001, or 1.63, 1.64, 1.61, 1.59, 1.47, 
1.41, 1.38, and 0.02 for each one percent fat, oil or cerelose 
added to the diets. 

In two of four experiments (3) where diets containing 27, 30, 33, 
and 36 percent protein in combination with each of six levels of 
added fat were fed, an interaction of protein and fat on eight
week body weight-gains was observed. With diets containing no 
added fat, protein had no or little effect on the body weights, 
but when high levels of fat were used, large increases in body 
weights were observed from feeding diets containing increasing 
levels of protein. In the other two experiments, increasing the 
protein in the diets increased body weights slightly at all levels 
of fat in the diet. In general the protein requirements of turkeys 
between one day and four weeks of age appears to be in excess of 
30 percent and to eight weeks of age in excess of 27 percent
especially When high levels of added fat are used in the diets. 

In the final experiment which was divided into two parts, thP
average feed efficiencies of turkeys fed diets containing 0, 8 
and 16 percent added hydrolyzed animal and vegetable fat were 
,5185,,5892, and .6714 in the first part, and the average feed 
efficiencies of turkeys fed diets containing 4, 12, and 20 per
cent added hydrolyzed animal and vegetable fat were .5347, ,5983 
and .6475 in the second part. The average increase in feed 
efficiency was .0083 or 1.60 percent for each one percent added 
fat over the diets without added fat. 

A dramatic interaction of added fat and added methionine in these 
diets on eight-week body weights also was observed in this ex
periment. When the diets cqntained 0, 8 and 16 percent added 
hydrolyzed animal and vegetable fat, the body weights were 1884, 
2016 and 1961 grams, respectively. When the diets contained 4, 
12 and 20 percent added hydrolyzed animal and vegetable fat the 
body weights were 1986, 2039, and 1896 grams, respectively. When 
0.2 percent methionine was added to the diets containing 0,8 and 
16 percent added fat, the body weights were increased 49, 118, 
and 215 grams, and when added to diets containing 4, 12 and 20 
percent added fat, the body weights were increased 104, 145, 
and 334 grams. By doubling the added vitamin fortification, or 
increasing the added choline chloride from 0.0375 percent to 
0.4375 percent, body weights and feed efficiencies failed to be 
influenced significantly. 

During the past four months, another large experiment involving 
96 battery pens and 864 turkeys was conducted. Again graded 
levels of fat, added methionine, added choline chloride and added 
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vitamin fortification were used as variables in a factorial arrange
ment to form 48 different diets. The results of this experiment 
are being summarized and will also be presented. 

Results of Experiments Conducted in Floor Pens at V.P.I. 

Five other experiments (2,3,4,6) containing 3308 turkeys divided 
into 82 pens have been conducted with added fat as a variable. In 
the first of these (2), 16 pens each with 46 turkeys per pen were 
used. From feeding one-half of the turkeys diets containing eight 
percent added fat compared to feeding the other one-half of the 
turkeys diets containing 2 percent added fat from one day to 20 
weeks of age, body weights were increased 5.0 percent, feed con
sumptions were decreased 9.6 percent and feed efficiencies were 
increased 10.2 percent. 

In a second experiment (3), 900 turkeys were divided into 18 pens 
and fed diets containing 14, 17, or 20 percent protein and 0 to 
10 percent added fat, from 11 to 21 weeks of age. From increas-
ing the amount of fat in the diet from O to 10 percent, body weight
gains were unchanged, feed consumptions were decreased 13.2 per
cent and feed efficiencies were increased 15.2 percent. From 
increasing the protein in the diets from 14 to 20 percent, body 
weights increased 14.2 percent, feed consumptions increased 10.6 
percent and feed efficiencies increased 4.1 percent. The decrease 
in feed consumptions and the increase in feed efficiencies were 
greater in diets containing 20 percent protein than in diets con
taining 14 percent protein. Added lysine at 1 or 2 pounds per 
ton failed to have a significant effect on body weight-gains, 
feed consumptions or feed efficiencies in this experiment. 

In another experiment (4), 512 Large White Turkeys were divided 
into 16 pens and raised to 5 weeks of age. From increasing the 
added fat in the diet from 2 to 8 percent, body weight-gains 
decreased 7.1 percent, feed consumptions decreased 9.8 percent, 
but feed efficiencies increased 2.1 percent. From increasing 
the level of protein in the diets from 24 to 33 percent, body 
weight-gains increased 30.4 percent, feed consumptions increased 
24.7 percent, and feed efficiencies increased 4.6 percent. From 
adding methionine to these diets, the body weight-gains increased 
9.1 percent, feed consumptions increased 8.3 percent, but feed 
efficiencies increased only o.6 percent which failed to be sig
nificant statistically. 

In another similar experiment (4), the same 512 Large White 
Turkeys were re-assigned to form 16 equivalent pens and raised 
from 5 to 10 weeks of age. From increasing the added fat in these 
diets from 2 to 8 percent, body weight-gains increased 0.7 per
cent, feed consumptions decreased 8.3 percent, and feed efficien
cies increased 9.2 percent. From increasing protein in the diets 
from 21 to 30 percent, body weight-gains increased 16.4 percent, 
feed consumptions increased 12.5 percent, and feed efficiencies 
increased 1.0 percent. From adding methionine to these diets, 

- 146 -



the body weight-gains, feed consumptions and feed efficiencies 
were not changed significantly. From these two experiments, the 
protein requirement for the turkeys would appear to be at least 
30 and 27 percent for the periods from 0 to 5 and 5 to 10 weeks. 

In another experiment (4), involving 128 female Large White Turkeys 
in batteries, diets containing 2 and 8 percent fat and 21, 24, 27 
and 30 percent protein were fed to turkeys from 4 to 8 weeks of age. 
From increasing the amount of fat in the diets from 2 to 8 percent, 
feed consumptions decreased 7.9 percent, and feed efficiencies in
creased 5.5 percent. From increasing the amount of protein in 
the diets from 21 to 30 percent, body weight-gains increased 22.5 
percent, feed consumption increased 16.5 percent and feed effi
ciencies increased 5.1 percent. Essentially all of this change 
occurred from diets containing 21, 24 and 27 percent protein and 
only insignificant differences occurred from increasing the pro
tein from 27 to 30 percent protein. From adding the 0.05 percent 
methionine to these diets body weights, feed consumptions and 
feed efficiencies were not changed significantly. 

In another large experiment (6), 640 turkeys were divided into 
16 pens and raised from 0 to 24 weeks of age. By increasing the 
level of fat in the diets from 2 to 8 percent, body weight-gains 
increased 2. 5 percent, feed consumptions decreased 9. 8 percent, 
and feed efficiencies increased 14.o percent. 

Summary and Conclusion 

Based upon the results of these experiments, the addition of e~ch 
one percent fat to turkey diets increased feed efficiencies 0.9 
to 1.6 percent depending in part upon the source of the fat or oil, 
the age of the turkeys and apparently on environmental factors 
which are yet to be established. Optimum body weights were not 
obtained until diets contained 8 to 12 percent added fat and the 
increases in body weights amount to about 4 percent over body 
weights of turkeys fed diets without added fat. The combination 
of these factors made the addition of fat to turkey rations eco
nomically very desirable under present price relationships of 
feed ingredients. 

It is only through a complete analysis of all the available data 
that turkey rations can be formulated for most profitable pro
duction. The results of these experiments can be used to better 
estimate the protein, amino acid and energy needs of turkeys at 
various ages. Such estimates can be used in least-cost formu
lation of rations Which challenge the minds of the best nutri
tionists to apply the knowledge gained from experimentation and 
research in commercial production of turkeys in the most effi
cient manner. 
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AMINO ACIDS AND PROTEIN FOR GROWING TURKEYS 

Paul E. Waibel 
Department of Animal Science 

University of Minnesota 

With present methods of formulating rations it becomes feasible to specify 
and meet amino acid requirements and to relegate to secondary consideration 
dietary percentage protein and energy:protein ratios. Due to the close 
inverse association of dietary available energy and feed intake, the re
quirements should be related to dietary energy rather than mass. 

Baldini, Marvel and Rosenberg demonstrated in 1957 (1) that the methionine 
requirement of the turkey poult is related directly to available dietary 
energy. This is surely a useful concept which lends itself well to practi
cal ration formulation. However, energy cannot be the only consideration 
in view of the well demonstrated relationship of protein level in modifying 
amino acid requirements (reviewed by Almquist, 2) and of the influence of 
specific amino acid imbalances and antagonisms (Harper~~·• 3) on needs. 

It is suggested that the deleterious influence of a high protein level on 
amino acid requirements may be cotmteracted by specifying a maximum dietary 
protein or nitrogen level. No reason is apparent why a minimum should be 
specified as long as the essential amino acid requirements are met and 
sufficient nitrogen is available for non-essential amino acid synthesis. 
Future research should allow specification of interrelated maximum and 
minimum values for all dietary amino acids. 

AVAILABLE AMINO ACID REQUIREMENT DATA 

The objective of this paper is to summarize available findings regarding 
amino acid requirements of large type turkeys and to present tentative 
amino acid requirements throughout the growing period. Seven references 
were found (4-10) which considered specific amino acid needs of the turkey 
beyond four weeks of age. Three tmpublished experiments conducted at the 
University of Minnesota are also included. Virtually all of the studies 
considered lysine and/or methionine only. 

The main expectation of each reference was that it consider individual 
amino acid additions and that the data be presented by short term periods. 

PROCEDURE EMPLOYED 

One of the difficulties in comparing requirement values of different 
investigators is that they probably used different composition values. 
In order to eliminate this source of variation, all of the diets of 
each study were recalculated using the analytical data shown in Table 1. 
The calculations were facilitated by a computational system programmed 
and accomplished at the University of Minnesota (11). 

In order to bring the amino acid requirements to a common basis of 
metabolizable energy, they are presented as grams of amino acid per 
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megacalorie of metabolizable energy. This calculation was also performed 
by the computational system mentioned above. 

The results of all investigations were recorded graphically by age for 
lysine and methionine and separately for males and females. Since the 
different investigators employed study periods of varying length• the 
period was converted to a specific age. This was done by selecting a 
specific age 1/4 to 1/3 through the period• e.g. 5 weeks for 4-8 week 
period, 8 weeks for 6-12 week period• and 10.5 weeks for 8-16 week period. 
These graphs were prepared with age in weeks on the abscissa and gm amino 
acid per megacalorie on the ordinate. Symbols were utilized to designate 
whether a given diet and amino acid level was suboptimum,at the requirement, 
or above the requirement. These symbols were numbered to allow identifi
cation with pertinent experinental details. 

REQUIREMENTS 

The estimated amino acid requirements of large type turkeys are listed in 
Table 2. At this point in time, comparisons of requirements for males and 
females seemed to allow using the same values but at different ages. The 
requirements are given for specific ages and age periods. General diet 
characteristics are also listed for reference. 

The procedure described in the preceding paragraphs proved to be useful 
for guiding the lines of requirement for lysine and methionine. It is 
apparent that both amino acids decrease in requirement with age in rela
tion to percentage of protein, in agreement with earlier literature 
suggestions. 

The amino acid requirements for the starting turkey were obtained from the 
National Research Council "requirements" publication ( 12). Amino acids 
taken from the turkey poult's requirement listing include methionine, 
cystine, lysine, arginine, tryptophan, and glycine. The remaining amino 
acids utilized the chick's requirement times a factor of 1.4 in consid
eration of the conversion from 20 to 28% protein. Although an amino acid 
requirement of o.84% was listed for the turkey for isoleucine, it was not 
used in view of evidence that this requirement is too low. 

Excepting for lysine, methionine and arginine, the requirements for older 
birds were maintained at a constant percentage of the protein level listed. 
As mentioned, methionine and lysine requirements were interpreted from 
experimental data. Evidence obtained in the Minnesota experiments suggested 
that the arginine requirement was less than indicated by the usual calcula
tion method and therefore some reduction was administered to that amino acid. 

EVALUATION or PRACTICAL RATIONS 

A series of practical rations is presented for evaluation in Table 3. 
With the exception of methionine in the second and third periods, all of 
the amino acids are present in adequate amounts. Methionine is the only 
exception and its deficiencies are very small indeed. These rations were 
formulated to be adequate in protein and therefore the lack of severe 
deficiencies should not be surprising. 
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There is naturally a good deal of interest in adding supplemental amino 
acids in order to replace protein. In addition to the savings brought 
about by replacing soybean meal with corn, there is also an increase in 
dietary available energy which, if growth is comparable, should result 
in improved efficiency of feed utilization. 

Some generalizations may be made regarding the usefulness of amino acid 
supplementation in reducing the requirement for protein in diets of the 
type shown in Table 3. In this regard, methionine and lysine may be 
useful in the starting and early growing periods and lysine may be useful 
in the later growing periods. 

Experimentally it has not been possible to identify the amino acids which 
are limiting beyond methionine and lysine. Results of Dunkelgod (13), 
using blood plasma free amino acids as a guide to dietary amino acid 
adequacy, indicate that for the growing turkey isoleucine, valine, and 
threonine should be suspect in this category. It is possible that trypto
phan, which was not quantitated in this study, may be an important amino 
acid to consider also. 

OTHER CONSIDERATIONS 

The suggested amino acid requirements listed in Table 2 are designed for 
large type turkeys in good health and under a temperature range of 60-75°F. 
Many variables and their interaction influence the total and individual 
amino acid needs of the turkey. It is estimated that in hot and cold 
environments the intake of amino acids in relation to dietary available 
energy should be increased and decreased by 10-20%, respectively. If 
turkeys are crowded or are housed in small pens so that activity is 
restricted, the combined amino acid requirement doubtless increases. 
Wind velocity, flock health, and composition and form of diet also have 
importance. 

It has been suggested that faster growing strains of turkeys may have a 
greater requirement for dietary amino acids, and by usual productivity
maintenance considerations this idea would appear to have merit. To the 
contrary, however, experimental data at the Universities of Guelph and 
Minnesota indicate that rapidly growing stocks do not have higher re
quirements, possibly because of greater metabolic efficiency. 

In a sense it seems presumptious to list amino acid requirements in such 
great detail when, except for lysine and methionine, no direct data were 
available on which to base the estimations. It is hoped, however, that 
the suggested requirements assembled herein will serve as a point of 
reference in practical feed formulation and as a point of departure for 
much needed experimental work. 
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Table 1. Values employed in calculated analyses.!/ 

Crude Metab. Amlno acld - Eercenta~e of feedstuf~ 
Erotein ene~;t: Met & Phe & 

Ingredient i kcal/kg Met Cys Lys Arg Try Val Gly His Phe Try Thr Leu Iso 

Corn, gr. yellow 8.9 3439 0.16 0.31 0.21 0.43 0.08 0.43 0.32 0.21 0.42 0.82 0.34 l.o5 0.35 
Oats, ground 12.0 2568 0.16 o. 36 0.47 0.74 0.15 0.69 0.43 0.43 0.60 1.01 0.41 0.87 o.52 
Oat hulls 4.5 331 0.05 0.12 0.16 0.24 o.05 0.23 o.14 0.14 0.20 0.34 0.14 0.29 0.17 
Wheat, ground 12.7 3097 0.18 0.40 o. 39 o.55 0.16 0.49 o.69 0.23 0.61 1.11 0.36 0.74 0.49 

Wheat flour midds. 18.l 2640 0.20 0.40 0.69 1.01 0.22 0.81 o.50 0.40 0.70 1.11 o.53 1.13 0.12 
Wheat standard " 17.6 1951 0 .19 0.38 0.67 0.98 0.21 o. 79 0.49 0.39 0.68 1.08 o.51 1.10 0.10 
Wheat bran 16.0 1122 0.17 o. 39 0.64 1.01 0.26 0.73 o. 73 0.34 0.51 1.02 0.42 0.93 o.61 
Wheat mill run 15.3 1454 0.17 0.34 0.58 o.85 0.18 0.69 0.43 0.34 0.59 0.94 0.44 0.96 0.61 

Barley, ground 12.7 2657 0.17 0.39 0.36 0.58 0.14 0.59 0.40 0.25 0.60 0.93 0.41 0.00 0.54 
Fat, animal -- 7937 
Fat, tallow -- 7055 

I 
_,Fat, yellow grease -- 8598 
01 w 
1 Soybean meal, sol. 45.0 2249 o.59 1.22 2.93 3.21 0.61 2.32 1.94 1.08 2.28 3.78 1.78 3.29 2.49 

Soybean meal, deh. 51.0 2469 0.67 1. 38 3.32 3.64 o.69 2.26 2.20 1.22 2.58 4.28 2.02 3. 73 2,82 
Soybean meal, deh. 49.0 2469 0.64 1.33 3.19 3.49 0.66 2.53 2.11 1.18 2.48 4.12 1.94 3.58 2.11 
Sesame meal 47.9 2645 1.25 1.84 1.30 4.30 0.76 2.20 4.00 1.10 2.30 3.80 1.60 3.00 1,90 

Sunflower meal 45.0 2480 1.19 1.91 1.64 3. 77 0.54 2.35 2.24 0.79 2.20 3.27 1.60 2.88 2. 22 
Meat and bone meal 50.6 1920 o.73 1.34 2.98 3.34 0.36 2.44 5.6o 0.94 1.90 3.20 1.69 3.57 1.74 
Fish meal, 60% 62.2 2720 1.74 2.61 5.75 3.96 0.10 3.17 3.91 1.45 2.50 4.17 2.62 4.75 3.04 
Fish meal, 65% 67.2 2856 1.88 2.82 6.21 4.28 0.16 3.42 4.22 1.57 2.10 4.50 2.83 5.13 3.28 

Fish meal, 70% 72.5 2976 2.02 3.03 6.68 4.60 0.81 3.68 4.54 1.68 2.90 4.84 3.04 5.52 3.5 3 
Alfalfa meal, dehy. 17.8 1224 0.30 0.63 0.95 0.02 0.29 o.96 0.88 o.35 0.83 1.40 0.82 1.42 0.89 
Fish sols. (100% 54.0 2480 0.85 1.37 3.06 3.10 0.54 2.20 3.47 1.66 1.92 2.91 1.67 3.25 2.20 

on SBM) 

Whey, dried whole 12.2 1914 0.16 0.49 0.90 o.31 0.18 0.68 0.70 0.11 o.33 0.61 o.69 1.20 0.12 
Whey, delactosed 16. 8 2392 0.24 o. 73 1.35 0.46 0.21 1.02 1.05 0.25 0.49 o.91 1.03 1.80 1,08 
Yeast, dr. brewers 45.0 1852 0.10 1.20 3.00 2.20 0.50 2. 30 1.70 1.10 1.80 3.30 2.10 3.20 2.10 
Yeast, Torula 48.3 1852 0.80 1.40 3.BO 2.60 o.50 2.90 2.10 1.40 3.00 5.10 2.60 3.50 2.90 

.!.; Values were selected following comparison of varlous sources, e.g. NAS-NRC Pubs. 585, 659, and 1232; slngsen, Proc. 
Minn. Nutr. Conf., 1961, p. 53; Waibel, Poultry Sci.~: 712, 1959 (Table 3, further references cited). 



Table 2. Estimated amino acid requirements of large type turkeys 

Specific age 
in weeks: 
Hales l 5 9 13 17 21 
Females l 5 9 12 15 18 

Period (age 
in weeks): 
Hales 0-4 4-8 8-12 12-16 16-20 20-24 
Females 0-4 4-8 8-11 11-14 14-17 17-20 

Diet charac-
teristics: 
Protein (%) 28 26 22 19 16.5 14 
M.E. (kcal/kg) 2750 2810 2930 3020 3095 3170 
C:P ratio 98.2 100.8 133.2 158.9 187.6 226.4 

% of % of % of \ of % of -% of 
% gm/me prot. % gm/me prot. % gm/me prot. % gm/me prot. % gm/me prot. % gm/me prot. 

~ethionine o.52 1.89 1.86 0.46 1.63 1.76 0.37 1.25 1.66 o. 30 • 98 1.56 0.24 0.78 l.46 0.19 0.60 1.36 
I " + cystine 0.87 3.16 3.11 o.78 2.79 3.01 0.64 2.19 2.91 0.54 1.76 2.81 0.45 1.45 2. 71 o. 36 1.15 2.61 
Lysine 1.50 5.45 5. 36 1.34 4.75 5.14 1.10 3.75 5.oo 0.91 3.00 4. 77 0.77 2.50 4.69 0.63 2.00 4.53 

Arginine 1.60 5.82 5. 71 1.45 5.16 5.56 1.19 4.06 5.42 1.00 3.31 5.28 0.90 2.91 5.14 o. 70 2.21 5.oo 
Tryptophan 0.26 .94 0.93 0.24 0.86 o.93 0.20 0.70 o.93 0.18 o.58 0.93 0.15 0.49 o.93 0.13 0.41 o.93 
Valine 1.19 4.33 4.25 1.10 3.93 4.25 0.94 3.19 4.25 0.81 2.68 4.25 0.70 2.26 4.25 0.60 1.88 4.25 

Glycine 1.00 3.64 3.57 0.93 3.31 3.57 0.79 2.68 3.57 0.68 2.29 3.57 0.59 1.90 3.57 a.so 1.58 3.57 
Histidine o.56 2.04 2.00 0.52 1. 85 2.00 0.44 1.50 2.00 0.38 1.26 2.00 0.33 1.07 2.00 0.28 0.88 2.00 
Phenylalanine o.98 3.56 3.50 0.91 3.24 3.50 o. 77 2.63 3.50 0.66 2.20 3.50 0.58 1.86 3.50 0.49 1.55 3.50 

" + tyrosine 1.82 6.62 6.50 1.69 6.01 6.50 l.43 4.88 6.50 l.24 4.09 6.50 1.07 3.46 6.50 0.91 2.87 6.so 

Threonine o.98 3.56 3.50 0.91 3.24 3.50 o. 77 2.63 3.50 0.66 2.20 3.50 o.58 1.86 3.50 0.49 1.55 3.50 
Leucine 1.96 7.13 1.00 1.82 6.48 7.00 1.54 5.26 7.00 1.33 4.40 7.00 1.16 3.73 7.00 0.98 3.09 7.00 
Isoleucine 1.05 3.82 3.82 o.99 3.53 3.82 0.84 2.87 3.82 o. 73 2.40 3.82 0.63 2.04 3.82 0.53 l.69 3.82 



Table 3. Evaluation of amino acid adequacy of example turkey rationslf 

Perlod ~a~e ln weeks, for males~ 
0-4 4-8 8-12 12-16 16-20 20-24 

Ration: 614 624 634 644 654 664 

Partial diet 
composition: (%) 

Corn, yellow 34.75 42.00 51. 35 57.85 66.75 75.75 
Animal fat 4.00 4.00 4.00 4.00 4.00 4.00 
Soybean meal, deh. 48.00 39.00 31.00 26.50 19.00 11.00 
Meat and bone m. -- s.oo 5.00 2.50 2.50 2.50 
Alfalfa meal 2.so 2.50 2.50 2.50 2.50 2.50 
Fish sols. ( 100% 

on SBM) 3.00 2.50 2.00 2.00 1.50 2.50 
Whey, dried 2.50 2.00 1.50 1.50 l.oo l.oo 
Methionine 0.125 0.075 0.025 

I • h ...... Nutrient c arac-
~ teristics: 
I 

Protein (%) 29.l 27.5 24.0 21.l 17.9 14.5 
M.E. (kcal/kg) 2851 2952 3054 3118 3217 3317 
C:P ratio 97.9 107.4 127.l 147.7 179.8 228.7 

gm/me req. di ff. gm/me req. diff. gm/me req. diff. gm/me req. diff. gm/me req. diff. gm/me req. di ff. 
Methionine 1.89 1.89 0 1.60 1.63 -0.03 1.24 1.25 -0.01 1.01 .98 +0.03 o. 85 0.78 +0.07 0.10 0.60 +0.10 

" + cystine 3.38 3.16 +0.22 2.95 2. 79 -tO .16 2. 39 2.19 +0.20 2.02 l. 76 +0.26 1.69 1.45 +0.24 1.37 1.15 +o. 22 
Lysine 6.39 5.45 +0.94 5.66 4.75 +0.91 4.62 3.75 +0.87 3.87 3.00 +0.87 2.99 2.50 +0.49 2.13 2.00 +0.13 

Arginine 7.06 5.82 +l.24 6.33 5.16 +l.17 5.24 4.06 +l.18 4.43 3.31 +l.12 3.51 2.91 +0.60 2.60 2.21 +0.39 
Tryptophan 1.36 o.95 +0.41 1.17 0.86 +0.31 0.96 0.70 +0.26 0.83 0.58 +0.25 0.65 0.49 +0.16 0.48 0.41 +0.07 
Valine 5. 31 4.33 +0.98 4.80 3.93 +0.87 4.04 3.19 +0.85 3.47 2.68 +0.79 2.83 2.27 +0.56 2 .19 1.88 +0.31 

Glycine 4.58 3.64 +0.94 4.71 3.31+1.40 4.01 2.68 +l.33 3.23 2.25 +0.98 2.64 1.90 +0.74 2.07 1.58 +0.49 
Histidine 2.53 2.04 +0.49 2.25 1.85 +0.40 1. 89 1.50 +0.39 1.64 1.26 +0.38 1.34 1.07 +0.27 1.04 0.88 +0.16 
Phenylalanine 5 .16 3.56 +1.60 4.58 3.24 +l. 34 3.85 2.63 +l.22 3.33 2.20 +1.13 2.71 1. 86 +o. 85 2.09 1.55 +0.54 

" + tyrosine 8.69 6.62 +2.07 7.77 6.01 +l.76 6.58 4.88 +l.70 5.74 4.09 +l.65 4.74 3.46 +l.28 3.75 2.87 +0.88 

Threonine 4.11 3.56 +o.55 3.68 3.24 +0.44 3.10 2.63 +0.47 2.68 2.20 +0.48 2.19 1.86 +0.33 1. 70 1.55 +0.15 
Leu cine 8.12 7.13 +0.99 7.49 6.48 +l.01 6.51 5. 26 +l.25 5.78 4.40 +l.38 4.95 3.73 +l.22 4.14 3.oq +l.05 
Isoleucine 5.53 3.82 +l.71 4182 3.53 +l.29 J.~a 2.87 ±1.ll 3.42 2.!±Q +l.Q2 z.z2 2.Q!± ±0.58 2 02 l i;q :tO 33 
~Dlets taken from Turkey Rations, u. Minn. Agr. Ext. Serv. Spec. Rept. 25 ( 1967). Requirements taken from Table 2. 



INFLUENCE OF CALCIUM, PHOSPHORUS, AND VITAMIN D ON PERFORMANCE OF TURKEYS 

J. Brenes, P. E. Waibel, J. H. Sautter, and F. A. Spurrell 
Departments of Animal Science, Veterinary Pathology and 

Parasitology, and Veterinary Surgery and Radiology 
University of Minnesota 

The effect of known and unknown nutritive factors on leg weakness and 
enlarged hock disorder in turkeys was studied by Scott (1950, l95la, 
195lb, 1952, and 1953), Hunt and Blaylock (1953), Hunt and McGinnis 
(1952, 1959), Hunt et al. (1954), Sherwood and Sloan (1953), and 
Butters and Scott (I956T. Creek (1959) reported the role played by 
several minerals and vitamins on perosis and enlarged hock disorder of 
chicks and poults in relation to one-carbon metabolism. Almquist (1962) 
reported that rickets of unknown origin in chicks and poults could be 
cured by supplying rapidly available phosphate in the drinking water. 
McCapes (1967) described the symptoms and macroscopic lesions in turkeys 
affected with lameness of unknown origin. Dahlgren (1968) reported the 
possible mechanisms in development of so-called idiopathic osteodystrophy 
in turkeys. The effect of pathogenic agents (Candida albicans) on bone 
disorders in turkeys has been recently reported (Anonymous, 1968). 

The objective of the present study was to determine the effect of the 
intake of several levels of calcium, phosphorus, and vitamin D3 during 
the early growing period (0-24 days of age) in relation to the performance 
and bone metabolism of turkeys from 24 days to 20 weeks of age. 

EXPERIMENTAL PROCEDURE 

An experiment was conducted with Broad White male turkeys from 0 days to 
20 weeks of age. The birds were reared in electrically heated battery 
brooders with raised wire floors in an air-conditioned room from 0-24 days 
of age. Thirteen treatments were fed with three replicates of twelve birds 
each. At 24 days of age all birds were consolidated and transferred to 
concrete floored pens, having wood shavings as litter, where they were 
maintained until 20 weeks of age. 

The basal diet fed from 0-24 days of age was of the com-soybean meal type 
(major components were ground yellow corn, 36.1%; soybean meal (S.B.M.) 
dehulled, 45.0%; fish solubles dried on S.B.M., 3.0%; dehydrated alfalfa 
meal, 3.0%; dried whole whey, 3.0%; corn oil, 3.0%; methionine hydroxy 
analogue calcium, 0.1%; and adequate mineral and vitamin supplementation. 
Calculated analysis: protein, 28.0%; metabolizable energy, 2786 kcal/kg). 
The only dietary variables during this period were calcium carbonate, 
phosphoric acid and vitamin D~. The same diet with control levels of 
calcium, phosphorus and vitamin D was fed to all birds from 24 days to 
8 weeks of age. During 8-12, 12-16, and 16-20 weeks of age the diets 
described as numbers 634 1 644, and 654, respectively, in the publication 
by Waibel et al. (1967) were fed to all birds. 

RESULTS AND DISCUSSION 

Results of body weight gains and plasma calcium, phosphorus, and alkaline 
phosphatase are presented in Table 1. 
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Period of 0-24 Days: 

Subo timum levels of and vitamin n. Birds fed low levels 
of phosphorus 0.5 and 0.56o o.3 and 0.4o showed a rapid and 
progressive decrease in body was evident at 7 days of age. Birds 
fed the low vitamin n3 diets showed a similar trend but beginning only a~er 
10-14 days. These results suggest that the birds fed the low vitamin o3 diets 
could rely on their liver storage of vitamin n3 during the first 10-14 days of 
life. 

Evidence of rickets was first observed at 5 days of age in poults fed the 
low phosphorus diets (0.5 and o.56%), at 7 days of age in poults fed the 
low calcium diets (0.3 and 0.4%), and at 10, 11, and 16 days of age in 
poults fed o, 100, and 300 I.c.u. levels of added vitamin D3 respectively. 

Low levels of phosphorus in the diet resulted in increased plasma calcium 
and alkaline phosphatase and decreased plasma phosphorus, except for the 
0.68% phosphorus treatment which produced a normal alkaline phosphatase 
value at 24 days of age. 

Birds fed low calcium diets exhibited blood plasma values which were normal 
for calcium, low for phosphorus, and high for alkaline phosphatase. 

Low dietary vitamin n3 appeared to elevate plasma calcium at 10 days of age 
and resulted in low phosphorus and high alkaline phosphatase values. 

From the aforementioned results, it seems that plasma phosphorus was depressed 
and alkaline phosphatase was elevated with calcium, phosphorus, and vitamin n3 
deficient diets, and plasma calcium was increased somewhat in phosphorus 
deficient diets. It is apparent that with vitamin n3 deficiency the blood 
picture was altered before growth changes were observed. It would be difficult 
to pinpoint differential effects of these nutrients based on blood plasma 
values. If required, low plasma phosphorus and high plasma alkaline phospha
tase should be detectable with relative ease. The question from a diagnostic 
point of view is whether the altered blood picture was caused by improper 
dietary calcium, phosphorus, and/or vitamin D, or whether other dietary or 
non-dietary stimuli induce similar changes. 

The diet with 0.68% P seemed to meet the requirements for growth, but 
the animals still demonstrated plasma values which were high for alka
line phosphatase and low for phosphorus. It would thus appear that 
plasma values may be a more sensitive indication of dietary adequacy 
than growth. Biochemical, histological, and radiological studies on 
bone which are in progress will aid in elucidating this aspect. 

High levels of calcium, phosphorus and vitamin n. High phosphorus (2.7%) 
caused a detrimental effect on growth. This effect is attributed to <Ul 

unfavorable calcium:phosphorus ratio, but low feed consumption due to ration 
llllpalatability or destruction of nutrients caused by the high amounts of 
phosphoric acid used may also have been contributory factors. 
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High calcium (3.6%) may have had a small depressing effect on poult's 
growth. High vitamin n3 (27 9 000 I.C.U./kg) did not show any effect 
as far as bird's growth was concerned. 

An excess of phosphorus in the diet (2.7%) caused a decrease in plasma 
calcium, an increase of plasma phosphorus. and did not influence plasma 
alkaline phosphatase levels. A high calcium diet (3.6%) appeared to 
depress plasma phosphorus and possibly alkaline phosphatase. The high 
vitamin D diet appeared to depress plasma calcium at 10 days and phos
phorus at 24 days. 

Period of 24 Days to 10 Weeks: 

After turkeys of all treatments were combined at 24 days of age, those 
birds which could not maneuver did not survive. Recovery of the birds 
which could get to the feeders and waterers was more rapid in the birds 
from low calcium and phosphorus treatments than from the low vitamin D 
treatments. This is believed due to a more severe deficiency in vitamin 
D at this time and possibly to the time required to build vltamin D stores 
to a threshold level. 

The great majority of turkeys appeared to make a complete recovery as 
indicated by gross pathology by six weeks of age. Results to 20 weeks 
of age as related to possible development of leg weakness will be presented 
at the Conference. 

The erowth data at 10 weeks indicate a very close association between growth 
depression at 24 days of age and body weights at 10 weeks of age. The 
mar;ni tude and consistency of this relationship is surprising. It will be 
interesting to observe whether these differences were maintained or de
creased at the termination of the study (20 weeks). 

Generally• there was no differences in blood chemistry among the treatments 
at 10 weeks of age. 

Aspects of Study Not Reported: 

Biochemical• histological, and radiological studies are in progress on bones 
from representative birds in this study and will be reported later. 
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Table 1. Body weight and plasma calcium, phosphorus, and alkaline phosphatase values from 
turkeys fed various dietary levels of calcium, phosphorus, and vitamin D3. 

Dietarl_ Blood 21asma values, days 
p Body wt., weeks Calcium Phosphorus Alk. Phos. 

Ca (total) Vit. DJ l 2 3 10 10 24 10 24 10 24 
% % ICU/kg gm gm gm kg mg/loo ml mgf 100 ml KA i.mits/ 

100 ml 

l.20 0.90 900 133 265 472 3.82 7.58 9.70 6.18 7.32 161 132 

1.20 o.50 900 124 198 306 3.12 8.25 10.60 4.13 4.31 245 243 
1.20 o.56 900 122 233 392 3.57 9. 20 10.12 4.15 4.21 288 282 
1.20 0.68 900 133 267 468 3.79 9.87 9.86 3.98 5.61 229 140 

1.20 2.70 900 88 133 210 2.96 6.54 8.03 7.48 7.84 167 158 

o.3o 0.90 900 126 202 278 2.98 7.81 9.22 3.95 4.05 257 300 
Ot 0.40 0.90 900 127 213 315 2.92 7.33 9.99 5.18 4.11 259 232 

'° 0.60 0.90 900 133 248 420 3.68 7.75 9.12 4.32 4.61 204 183 

3.60 0.90 900 123 247 454 3.88 7.37 10.27 4.83 6.75 147 119 

1.20 0.90 0 134 230 280 2.96 7.62 9.06 3.41 2.67 214 398 
1.20 0.90 100 139 254 345 3.30 8.08 7.65 3.46 3.57 198 348 
1.20 o.9o 300 135 258 423 3.78 8.75 9.43 4.33 4.17 185 247 

1.20 o.9o 27,000 135 265 475 4.04 6.20 9. 77 5.97 5.85 133 147 
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TURKEY BREEDER HENS IN CAGES 

R. W. Berg and R. N. Shoffner 
D•:partment of Animal Science 

University of Minnesota 

There is very little evidence to demonstrate the value of cages 
for turkey breeder hens. Woodward (1967) reported that keeping 
toms in individual cages was an efficient management system. 
Approximately 25% less toms were needed under this system to 
supply the necessary semen. The toms were maintained in a cage 
24" x 24" x 30" high. A 1 11 x 6 11 board was laid on the wire floor 
to provide a surface for the to~s to stand comfortably. 

The hens placed in 16" x 24" x 24" individual cages laid more 
eggs per hen but the fertility and hatchability of fertile eggs 
were much lower in cages. More eggs with shell defects were found 
in cages. A Slli1Ullary of Woodward's work is shown in Table 1. 

Table 1. Egg production, fertility of eggs produced by Broad 
Breasted Bronze turkeys kept in individual cages and 

-~--~~i~floor~p...._e_n_s_. _____ _ 

Management 
Year __ s_y_s_t_e_m_ 
1964 Cage 

Floor 

1965 

1966 

Caq·e 
Floor 

Cage 
Floor 

3-year average 
Cage 
Floor 

Eggs(hen 
51 
36 

58 
34 

54 
65 

54 
45 

Fertility 
% 

82.6 
84.5 

72.2 
82.3 

75.5 
82.6 

76.8 
83.5 

Hatchability 
fertile 

% 
51. 3 
65.5 

49.3 
62.7 

47.7 
65.3 

49.4 
64.5 

eggs 
of 

At the University of Minnesota large white turkey breeder hens 
were housed in a windowless house on litter, slat floors and 
cages. The pens with litter and slats contained 70 hens each at 
4.57 sq. ft. per bird. The individual cages were 16" x 24" and 
24" high. The three-bird cages were 32" x 24" and 24" high. This 
allowed one-third more birds in the same given area. A 32" cage 
allowed enough space so all three birds could eat and drink at the 
sa~e time. Tne birds were housed in these respective environments 
at market age and remained in the sa~e pens throughout the 
experiment with approximately 16 weeks production. 
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The water and automatic feeders were operated on a time clock. 
The water was on five times a day and the feeder operated 
three times daily. Thus feed was maintained in the feed trough 
at all times. The water was on long enough to satisfy the 
water requirements at each period. 

The hens were given a day length of eight hours during the 
holding period from 22 weeks of age until 28 weeks of age. At 
28 weeks the hens were given 14 hours of light and ~aintained on 
this day length throughout the experiment. 

A conventional feeding pro·gra~n was used. The birds were maintained 
during the holding period on a 14% protein ration. At the time of 
light stimulation they were switched to a 16% breeder ration. 

No disease problems were encountered. The only loss occurred 
early in the laying season from blowouts. It was not at all a 
serious problem. Table 2 shows the results obtained. 

Table 2. A SQll!Tlary of the results of turkey breeder hens 
___ maintained on litter, slat floors and ca•Jes. 

Cage 
Single 3-Bird Litter Slat --------- --·---

Weight gain 
Weight change 
Egg production % 
Cracks % 
Fertile % 
Hatch of fertile % 
Salable poults % 

3.7 3.9 
-3.7 -3.3 
35.6 31. 7 
4.4 11. 7 

83.0 85.0 
80.6 81.1 
96.2 94.9 

3.6 2.6 
-1.4 
37.5 
9.8 

80.5 
72.7 
93.5 

+.3 
38.7 
9.6 

82.3 
76.2 
94.6 

----

The weight gain reported in Table 2 is the change in weight from 
the time of housing until one week after light stimulation. This 
gives a measure of envirorunental conditions during this holding 
period. It appears that three birds in a cage do not make for a 
satisfactory envirorunent, or it could be that birds co~ing from 
range take longer to adjust to cage conditions. The experiment 
began with a continuous water supply for the cage birds, which 
resulted in very watery droppings. A time clock was installed to 
limit the water available to the birds. This may have been an 
influencing factor in the weight gained during the holding period. 

The weight change represents the effects of egg production and the 
environment on body weight during the laying period. Cages showed 
the least loss. In fact the birds in the three-bird cages showed 
a slight gain. Thus the difference in weight gain during the 
holding period may not be a cage effect but the lack of proper 
management at the beginning of the experiment. 
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Egg production was measured on a hen-day basis from the date of 
the first egg produced within a given unit. The cage birds 
began to lay eight days after the litter pens and five days 
following the slat floor pens. Using this ~easure of production 
the birds in cages show a slight advantage when there was no 
attempt to control broodiness in the litter or slat floor pens. 
Lower hatchability of fertile eggs with cages is a real puzzle. 
This was also revealed by Woodward. There must be some explanation 
for this. 

The co.nditio.n of the feet was no problem with cages. Only one hen 
in the single bird cage and one bird in the multi-bird cage had a 
pan on its foot more than one and one-half inch in diameter. 

So~e rather interesting observations were apparent. Turkeys go 
broody in cages. Until broodiness is eliminated a broody hen 
pro9ram is necessary for cage birds. How ·::an you tell a hen about 
to go broody in a ca3e? What are some of the early symptoms? 
How must a hen be treated to break the mother instinct in a cage? 
Tnese facts must be known to maintain egg production in cages as 
in floor mana3ement. Therefore, it appears that cages will not 
be practical for turkeys until broodiness is eliminated, or a 
practical method of handling the problem is determined. 

It must be remembered that these are only one year's results and 
they must be repeated. Tne present program calls for the 
continuation of the study for 1968-69 season with greater emphasis 
placed on the reactions of the birds placed in the different 
environments. 

Literature Cited 
Woodward, Allen, 1967. 

caged breeders. 
What management studies reveal about 
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GROWTH PROMOTANTS IN CORN-SOYBEAN DIETS 

L. M. Potter 
Department of Poultry Science 

Virginia Polytechnic Institute 
Blacksburg, Virginia 24061 

In the formulation of economically sound turkey rations, the ques
tion is often asked, "What growth promotants or sources of un
identified growth factors should be added to the diet?" This ques
tion can not be answered by adding a series of feed additives or 
feed ingredients which are reputed to give an increase in growth 1 
or feed efficiency. In fact the evidence for increased growth due 
to known or unidentified factors in feedstuffs or feed additives 
added to rations containing the known required amounts of vitamins, 
minerals, amino acids, fat and energy is limited. It is the pur-
pose of this presentation to discuss the available data from ex-
periments I have been associated with concerning the evidence 
for unidentified growth factors or growth promotants in available 
feed ingredients and feed supplements. Most of the data concerns 
the evidence for an unidentified growth factor in condensed fish 
solubles and in a streptomyces fermentation residue supplement. 

Detection of Unidentified Growth Factor and Pens Per Treatment 
Required 

First, one of the big problems of trying to uncover evidence for 
the presence of an unidentified growth factor in a diet of chickens 
or turkeys concerns the 4etection of small differences in body 
weight-gains which are significant statistically. From the addi
tion of an ingredient suspected of containing a growth factor to 
most practical type rations(, the increase in growth is small. Thus, 
the question may be asked, 'How small a difference in body weight
gains of chickens or turkeys is detectable and significant statis
tically if a given number of pens and turkeys are involved?" Or 
we may ask, "How many replicate pens must be used in an experiment 
in order to detect a difference in body weight-gain between two 
treatments of only 1.0 percent of the mean body weight-gain to be 
significant statistically?" 

Some data have been collected on this subject (Potter, 1961, 1964a, 
1965a) where chickens were used as the experimental animal and 
(Chu, 1968) where turkeys were used as the experimental animal. It 
was concluded from broiler chicken experiments that experiments 
with pens containing 50 to 60 birds per pen provided more uniform
ity among average weight of birds than experiments with pens con
taining 18 or less birds per pen or 300 or more birds per pen. To 
detect a significant difference in average body weights of broilers 
under the best of conditions when 50 birds are used per pen, it would 
require 5 pens per treatment to detect a 3.0 percent difference, 
7 pens to detect a 2.0 percent difference, 20 pens to detect a 1.0 
percent difference and 72 pens to detect a 0.5 percent difference 
at the 5 percent level of significance in four of five experiments. 
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If battery pens of only 9 turkeys of one sex per pen are used, it 
would require about 16 pens per treatment to detect a 3.0 per
cent difference, 35 pens per treatment to detect a 2.0 percent 
difference, 136 pens to detect a 1.0 percent difference and 540 
pens to detect a 0.5 percent difference at the 5 percent level of 
significance in one out of two experiments. 

Unknown Growth Factor in Fish Solubles 

Durin1 the past decade, several research workers, Summers et al. 
(19~9 , Johnson and Waibel (1960), Wisman (1960), Lillj_e et al. 
(1902 and Harrison and Coates (1964) to state a few, have dem
onstrated evidence for the presence of an unknown growth factor 
in condensed fish solubles. Attempts to :i sol.ate a growth factor 
from condensed fish solubles have been conducted by Mason et al. 
(1961), Steinke et al. (1963) and Stephenson et al. (1964)~. ~ 

A series of six experiments (Potter, 1962; Chu, 1968) have been 
conducted at V.P.I. to determine the increase in growth of turkeys 
fed diets containing added fish solubles. A total of 388 pens 
and 3492 turkeys raised from one day to eight weeks of age were 
used in these experiments. In the first of these experiments, fish 
meal at 0, 3.75, 7.50 percent, meat scraps at 0 and 5 percent, a nd 
fish solubles at O, 1 percent dry and 2 percent condensed forms 
were used as variables. The basal diet contained 31.3 percent 
ground yellow corn, 52.1 percent dehulled soybean meal, 2.5 per
cent alfalfa meal, 7.3 percent added fat and added vitamins and 
minerals. From feeding diets containing 0, 3.75 and 7.5 percent 
f ish meal, body weights were 1746, 1800 and 1810 grams, respectively. 
From feeding diets containing 0 and 5 percent meat scrap, body 
weights were 1791 and 1776 grams which were not significantly diff
erent. From the feeding of diets containing O, 1 percent dry, and 
2 percent condensed fish solubles, the body weights were 1756, 
1803 and 1824 grams, respectively. No interaction of these vari
ables in the diet affected body weights or feed efficiencies. 
Also, differences in feed efficiencies from feeding the various 
diets failed to be significant statistically. 

From three of these experiments (Chu and Potter, 1967; and Chu, 
1968) each containing 24 diets in a 6 x 4 factorial arrangement, 
average eight-week body weights of medium white turkeys fed diets 
containing O, 1, 2, 3, 4, and 5 percent fish solubles were 1597, 
1623, 1681, 1705, 1679, and 1675 grams, respectively. Feed con
sumptions were 2815, 2849, 2953, 2969, 2976 and 2992 grams re
spectively. Feed efficiencies were .5450, .5485, .5496, .5537, 
.5437 and .5407, respectively. Body weights and feed consumptions 
of turkeys fed diets containing 0, 2, 4, and 6 percent fish meal 
were not significantly different. Feed efficiencies were .5379, 
.5480, .5423 and .5593, respectively, but the increase in feed 
efficiency is attributed to a linear increase in energy content 
of the diet amounting to 2.4 percent more metabolizable energy in 
the diet containing 6 percent fish meal than in the diet containing 
0 percent fish meal. 
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In the next two experiments (Chu and Potter, 1967; and Chu, 1968), 
fish solubles( antibiotics and a streptomyces residue supplement 
(Fermacto-500J were used in a 3 x 4 x 2 factorial arrangement of 
24 different diets. Eight-week body weights of turkeys fed diets 
containing O, 1 percent dry or 2 percent condensed fish solubles 
were 1884, 1915 and 1889 grams, respectively. Feed consumptions 
were significantly increased, or 3388, 3479 and 3449 grams, re
spectively. 

Efforts to concentrate the growth factor in condensed fish solu
bles were conducted in a series of four experiments (Chu, 1968; 
Chu and Potter, 1968) involving 1728 poults divided into 192 
pens. In the first two experiments the active material appeared 
to be partly soluble in water, insoluble in ether and not present 
in the ash of the dialysis residue. In a subsequent experiment 
the growth factor was dialyzable after 7 days but appears part
ially dialyzable after 4 days of dialysis. In the final experi
ment the growth factor as concentrated in the dialyzate was not 
retained on a strong cation resin but was found in the anion 
faction which contained about 25 percent of the dry matter in 
condensed fish solubles. Evidence was also obtained to show that 
the growth response from fish solubles was not attributed to its 
content of the essential amino acids for young turkeys. 

Unknown Growth Factor in a Streptomyces Fermentation Residue 

Ten experiments have been conducted with a streptomyces fermen
tation residue, Fermacto-500, as a variable in diets of turkeys. 
These experiments involved 4368 turkeys divided into 348 pens. 
The results of these experiments are briefly described in Abstracts 
or Proceedings of the Virginia Feed Convention and Nutrition Con
ference (1965, 1966, 1967, 1968). 

In the first experiment (Potter, 1965) body weights of 9.87, 10.29, 
and 10.12 pounds and feed efficiencies of .3580, .3648 and .3566 
for turkeys fed diets containing 0, 0.25 and 0.50 percent Fermacto-
500 were obtained. This experiment contained 16 pens each with 
50 poults raised from one day to 16 weeks of age. The turkeys in 
8 pens were fed the control diet and the other two diets were each 
fed to the turkeys in four other pens. 

In each of two experiments (Potter, 1966, 1967), turkeys in 48 pens 
each with 9 males or 9 females were raised from one day to eight 
weeks of age. By adding 0.25 percent Fermacto-500 from two sources 
to two-thirds of the 24 diets fed to the turkeys, body weights were 
increased 13.6 percent, feed efficiencies 2.6 percent, and feed 
consumptions 10.9 percent in the first experiment. By adding 0.25 
nercent Fermacto-500 to one-third of the 24 diets in the second 
experiment, body weights were increased 11.4 percent, feed efficien
cies 4.3 percent, and feed consumptions 7.4 percent. A comparable 
experimental product containing another streptomyces fermentation 
residue added to the other one-third of the diets in the same 
experiment failed to improve body weights or feed efficiencies. 
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During the latter part of 1966 (Chu, 1968), two more experiments 
egch containing 48 pens of turkeys with 9 poults per pen were con
ducted. By adding 0.25 percent Fermacto-500 to one-half of the 
24 diets fed to the turkeys from one day to eight weeks of age, 
body weights were increased 6.6 percent, feed efficiencies 1.9 
percent and feed consumptions 4.8 percent in the fir3t experiment. 
By adding 0.25 percent Fermacto to one-half of the 24 diets in 
the second experiment, body weights were increased 4.2 percent, 
feed efficiencies 1.8 percent and feed consumptions 0.9 percent. 
From the two experiments, the body weights of turkeys fed diets 
containing no antibiotic, lOqgrams of bacitracin from bacitracin 
methylene disalicylate, 100 grams of chlortetracycline, or 100 
grams of penicillin from procaine penicillin were 1821, 1888, 
1910, and 1965 grams, respectively. 

Ir.ocher experiments (Potter, 1968) from feeding diets containing 
adued Fermacto-500, the body weight-gains of turkeys were in
creased an average of 28 percent in two experiments with turkeys 
raised from 0 to 4 weeks of age, but failed to have an influence 
on body weight-gains of turkeys in two other experiments in which 
the turkeys were started at four weeks of age and terminated at 
eight weeks of age. Using a total of 16 pens in the first two 
experiments, 784 turkeys were fed diets containing no Fermacto-
500 or Fermacto-500 from one of three samples. The average four
week body weights of turkeys fed diets containing 0 or 0.25 
percent Fermacto-500 were 0.83 and 1.06 pounds, respectively. 

In the other two experiments, each involving 48 groups of turkeys 
fed diets containing either O or 0.25 percent Fermacto-500, the 
average body weight-gains of the turkeys from 4 to 8 weeks of 
age were 1384 and 1381 grams. However, in the same factorial 
designed experiment, the average body weight-gains of the turkeys 
were 1350, 1390, and 1404 grams When fed diets containing no 
added antibiotics, 100 grams of tylan or 100 grams of erythro-
mycin thiocyanate. From these experiments it appears that Fermacto-
500 contains an unknown growth factor which produces a larger in
crease in growth during the early part of the growing period than 
in the subsequent periods. 

Most of the above described experiments were conducted with a sam
ple of Fermacto-500 Which analyzed about 54 percent ash. However, 
tre experiments conducted during the past two years included 
Fermacto-500 samples Which contained a much lower level of ash. 
The g~owth response from the different samples of Fermacto-500 
have not been shown to be different significantly based upon the 
results we have received. However, the variation in the growth 
response due to Fermacto-500 from experiment to experiment has 
been great {3.4, 13.6, 11.4, 6.6, 4.2, 1.7, 29.5, 27.9, -2.6, and 
C. 9 percent). The three lowest values were in experiments which 
started when the poults were 15 or 28 days of age Whereas all other 
results were in experiments which started when poults were one day 
of age. The incree~e in growth from Fermacto-500 was observed when 
10 grams of penicillin was present in a ton of diet as was the sit
uation in the first five experiments or when other antibiotics 
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mentioned above were present in the diet at 100 grams per ton 
level. In addition, the increase in body weigrts from Fermacto-
500 was extremely large in those experiments where growth rate was 
suboptimum as observed by the end of the first or second weeks of 
the experiments. 

Fish Mealt Meat Scraps, Alfalfa Meal, Norwegian Seaweed and Other 
Feed Addi Ives 

In two experiments (Potter, 1962), the addition of 7.5 percent fisr 
meal, 2.0 percent fish solubles and 2.5 percent alfalfa meal to a 
corn-soybean turkey starter resulted in 11 percent and 6 percent 
increases in body weights of turkeys at eight weeks of age. The 
addition of 1, 2, 4 and 8 percent Norwegian seP.weed resulted in 
slight decreases in body weight and feed efficiency of poults. 

In two other experiments (Potter 1966, 1967), fish meal was added 
to the diets of turkeys from one day to eight weeks of age. The 
5 percent fish meal added to one-half of 24 diets increased body 
weights of turkeys 5.7 and 9.4 percent. In the same experiment, 
meat scrap was added to one-half of the diets. However, its addi
tion to the diets failed to affect body weights significantly. 

In some experiments fish meal added to corn-soybean type diets has 
produced increases in growth, but in others it has failed to pro
duce significant changes in body weight. The other feed ingred
ients added to the diets have failed to produce evidence for the 
presence of an unknown growth factor in these ingredients. 

Summary 

A considerable amount of evidence has been secured to show that 
an unknown growth factor is present in condensed fish solubles and 
in a dried streptomyces fermentation residue, Fermacto-500. In
tensive efforts should be made to determine the identity of these 
growth factors. Based upon the results of the experiments presented 
above, better estimates can be made concerning the desirability of 
adding a feed ingredient for its unidentified growth factor content. 
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