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William E. Dinusson is a Professor of 
Animal Science at North Dakota State Uni
versity. A native North Dakotan, Dr. 
Dinussi:in received his . B.S. degree from 
Oklahoma State University and his Ph.D. 
from Purdue University. His research inter
ests have included: the use of wheat, 
durum; triticale, prose, barley and oats in 
rations of cattle, sheep and swine; effects of 
wintering and growing rations on subse
quent performance of beef cattle; rumen 
function and VFA production; and the.in
fluence of saline water on production of 
swine. 

Stanley L. Balloun is a Professor of 
Poultry Science at Iowa State University. 
He received his B.S. degree in Agricultural 
Education at Iowa State University in 1930. 
After teaching vocational agriculture in Io
wa and Illinois from 1930 to 1944, he 
served as superintendent of the University 
of Alaska Experiment Stations from 1944 to 
1949. He received his Ph.D. degree in Poul
try Nutrition from Iowa State University in 
1952. His major research efforts have been 
investigations of protein, amino acid and 
energy requirements in diets of poultry; 
choline, biotin, and folic acid requirements; 
and the effects of nutrition on the develop
ment of atherosclerosis in poultry. In 1966, 
he received .the National Turkey Federation 
Research ·Award. 

W. B. Anthony is Animal Nutritionist in 
the Department of Animal Science at Au
burn University. He is a native of Texas and 
received his B.S. degree from the University 
of Illinois, his M.S. degree from Texas A&M 
and his Ph.D. degree from Cornell Univer
sity. His primary research interests at 
Auburn have been in establishing the nutri
tive value of forages and work on the recy
cling of cattle manure as a livestock feed. 

Terry Klopfenstein is an Associate Pro
fessor of Animal Science at the University 
of Nebraska. He obtained his B.S., M.S. and 
Ph.D. d.egrees from Ohio State University. 
At Nebraska, !he emphasis of his research 
has been in the areas of forage quality, for
age evaluation and improvement of forage 
utilization. In addition, he has conducted 
research in applied beef cattle and sheep 
nutrition. 
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R. H. Mason is assistant Vice President 
of the Nutrina Feed Division of Cargill, 
Incorporated. He is a native of Kansas and 
received his B.S. degree in Agricultural Eco
nomics from Kansas State University. He 
has been a Cargill employeedor 22 years ' 
with responsibilities in sales, credit, produc
tion, advertising and management. Pres
ently, he is Assistarit Division Head of 
Nutrina Division of Cargill and has responsi
bility for company operations in six upper 
midwest states. 

Richard D. Goodrich is a Professor of 
Animal Science at the University of Minne
sota. He received his B:S. degree at Wiscon
sin State University at River Falls, his M.S. 
degree at South Dakota State University 
and his Ph.D. at Oklahoma State University 
in 1965. He was awarded the Outstanding 
Teacher Award in 1969 by the FFA and 1:1 

Agricultural Education_ Clubs. He is chair- ,,. 
man of the Undergraduate Curriculum Com- )~ 
mittee for the Department of Animal Sci- Ii• 
ence. His research has emphasized mineral :· 

I~ 

metabolism, utilization of nonprotein nitro- ,~ 

gen, energy metabolism, forage evaluation ·1 
Ii·· 

and.. applied feedlot nutrition and manage-
ment. 

i' R. J. Meade is Professor of Animal 
Science at the University of Minnesota. He. 
received his B.S. from the Uniyersity of 
Nebraska and the M.S. arid Ph.D. degrees in 
Nutrition from the University of Illinois. 
He was a most able chairman of the Minne
sota Nutrition Conference in 1969 and 
1970. His research has been devoted to 
protein and amino acid nutrition of the 
young pig and effects of early nutrition on 
rate and efficiency of gain during the final 

_growing period, and on carcass traits. Cur-
.:- rent research is in the area of nutritional 

effe.cts on reproductive efficiency of beef 
sows and gilts. He is currently section 
editor, Nonruminant Nutrition, Journal of 
Animal Science. 
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Paul E. Waibel a New Jersey native, is 
Professor of Animal Science at the Univer
sity of Minnesota. He was awarded the B.S. 
degre~ at Rutgers University and the M.S. 
and Ph.D. ( 1953) at the University of Wis
consin. He was Research Associate in poul
try nutrition at Cornell University prior to 
coming to Minnesota in 1954. The Minne
sota Nutrition Conference benefited from 
his chairmanship tor 5 years terminating in 
1968. He was awarded the 1967 Research 
Award by the. National Turkey Federation 
and the 1968 Ranelius Award for service to 
the Minnesota turkey industry. His re
search has included: nutrition of turkeys, 
including protein, amino acid, energy, vita-
min, mirieral, unidentified factor, and anti
biotic studies; aortic rupture in turkeys; and 
nutrition-disease interrelationships . 

Glen P. Lofgreen a native of Arizona 
· received his B.S. degree at the University of 

Arizona and his M.S. and Ph.D. degrees 
from Cornell University. He spent a short 
time on the staff of Montana State College 
prior to coming to the· University of Cali
fornia at Davis in 1948. He transferred to 
the Imperial Valley Field Station in Janu
ary, 1968, w~ere he is presently engaged in 
beef cattle nutrition research and the effects 
of a hot environment on beef cattle perfor
mance. He spent sabbatical leaves at the 
University of Hawaii and in Brazil assisting 
the Brazilian Ministry of Agriculture Tech
nicians. He has served on the Editorial 
Board of the Journal of Animal Sci~ and 
as a member of the National Academy of 
Science---National Research Council Beef 

· Cattle and Horse Committees. He is serving 
as an advisor to the U.S. Meat Animal 
Research Center, Clay Center, Nebraska. 
He is completing a three-year term as 
secretary-treasurer of the American Society 
of Animal Science. In 1963, he was the 
recipient of the American Feed Manufactur
er's Award given annually tor outstanding 
work in the field of animal nutrition. 

Eugene B. Smalley is a Professor of 
Plant Pathology at the University of Wiscon
sin. He earned his B.S. degree from 
U.C. L.A. and his M.S. and Ph.D. degrees 
from the University of California at Berke
ley. His research interests have included 
forest pathology, Dutch elm disease, mycol
ogy, physiology of fungi, and mycotoxins 

in animal feeds. 
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Clvde M. Christensen is a Professor of 
Plant Pathology at the University of Minne
sota. A native of Wisconsin, he received his 
B.S., M.S.. and Ph.D. degrees from the Uni
versity of Minnesota. He is the author of 
tour books. One of these, co-authored with 
H. H. Kaufmann, Manager of Grain Re
search Laboratory, Cargi 11, Incorporated, is 
entitled Grain Storage: The Role of Fungi 
in Quality Loss and won the McKnight 
Award tor Excellence. Professor Christensen 
has studied in Germany, served with the 
Rockefeller Foundation in the Mexican 
Agricultural Program and worked in Thai
land on a mycotoxin project sponsored by 
the National Institute of Health. His major 
research emphasis has been investigating 
problems of fungi in relation to stored 
grains _and work on. mycotoxins. 

Donald E. Otterby is Associate Professor 
of Animal Science at the University of 
Minnesota. A native of South Dakota, he 
was ·awarded the B.S. and M.S. degrees at 
South Dakota State University. He com
pleted his graduate program at North Car6-
fine State University and received the Ph.D. 
in nutrition in 196'.:l. His major orea ot re
search emphasis is in dairy cattle nutrition 
with particular ati:ention to digestive physi-
ology. He is also active in undergraduate 
and graduate teaching in ruminant nutrition. 

Michael F. Hutjem; joined the University 
of Minnesota staff as Extension Dairy Nutri
ti.onist in July, 1971. He is a native of Wis
consin and received all of his collegiate 
degrees from the University of Wisconsin. 

, '• · a • · He was a Ralston-Purina Research Fellow 
. ("!'-. -~',;_1{"--'.f:.· ·-~~::J;:'~m 1967 to 1969. He received the first 

,; ' place award for graduate student. research 
at the National ADSA meeting in 1970. 
His research interests have been in the 
areas of lipid metabolism in the lactating 

<l •· 

ruminant, changes in milk composition, 
use of raw soybeans, ethmionine analogue 
and formalin-treated soybeans in dairy cat-

tle rations. 
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Jerry D. Hawton is Assistant Professor 
and extension swine nutrit.ionist at the Uni
versity of Minnesota. He is a native of Red
wood Falls, Minnesota, and received his B.S. 
degree in 1964, his M.S. degree in 1968 and 
his Ph.D. degree in 1970 in Animal Science 
from the University of Minnesota. . He 
joined the University staff in March 1970. 
From 1964-66 he was employed by Swift 
and Company, South St. Paul, as a livestock 
buyer. He is responsible for the extension 
program in swine nutrition and management 
at the University and devotes 25 per cent of 
his time to teaching and research. 

Jay C. Meiske is a Professor of Animal 
Science at the University of Minnesota. He 
received his B.S. degree from Iowa State 
University, his M.S. degree from Oklahoma 
State University and his Ph.D. from Michi
gan State University. At Minnesota he has 
been involved in teaching animal production, 
nutrition and evaluation courses. His re
search has included NPN utilization with 
urea and bluret, energy and roughage levels 
for finishing cattle and beef cows, drylot 
cow-calf production, corn silage fermenta
tion studies and utilization of by-products 
by ruminants. 

S. H. (Sandy) Gretebeck is Field Techni
cal Consultant for Dawe's Laboratories, 
Chicago Height~. Illinois. He received his 
B.S. degree from Wisconsin State University, 
Platteville, Wisconsin, and taught Voca
tional Agriculture prior to receiving his M.S. 
and Ph.D. degrees from the University of 
Wisconsin, Madison, Wisconsin. He was 
chairman of the Agriculture Department of 
Central Missouri State University, Warrens
burg, Missouri prior to entering private 
industry·. as.": __ Director of Research for a 
midwest teed manufacturer. His present 
responsibilities involve working with Dawe's 
personnel and their clients in the field of 
feed formulation, feeding programs, animal 
nutrition and livestock management. 
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Robert Ahlin, President, Northwest Feed Manufacturers 
. Association, Domain Industries, Inc., New Richmond, 

Wisconsin. 54017 
W. B. Anthony, Animal Nutritionist, Department of 
Science, Auburn University, Auburn, Illinois. 62615 
S. L. Balloun, Professor, Department of Poultry Science, 
Iowa State University, Ames, Iowa. 50010 
R. J. Bunch, Supersweet Feeds Division, International 
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Exchange, Minneapolis, Minnesota. 55415 

*Clyde M. Christensen, Professor, Department of Plant 
Pathology. 
Frank Coune, Cargill, Inc., Cargill Building, Minneapolis, 
Minnesota. 55402 
W. E. Dinusson, Professor, Department of Animal Scjence, 
North Dakota State University, Fargo, North Dakota. 
58102 

*La Vern A. Freeh, Assistant Director, Agricultural Exten
sion Service and Head, Office of Special Programs. 

*R. D. Goodrich, Professor-, Department of Animal Science. 
S. H. Gretebeck, Field Technical Consultant, Dawe's 
Laboratories, Chicago Heights, Illinois. 60411 

* J. D. Hawton, Assistant Professor and Extension Swine 
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* M. F. Hutjens, Extension Dairy Nutritionist, Department of 
Animal Science. 
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Terry Klopfenstein, Associate Professor, Department of 
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Herb Rebhan, Nutritionist, Domain Industries, Inc., New 
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E. B. Smalley, Professor, Department of Plant Pathology, 
University of Wisconsin, Madison, Wisconsin. 53706 

*George Speers, Assistant Professor, Department of Animal 

Science. 
* P. E. Waibel, Professor, Department of. Animal Science. 

*University of Minnesota 
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Roger Berglund, Feedstuffs, Minneapolis. 
Darwin G. Britzman, Farmers Union Grain Terminal 
Association, Sioux Falls, South Dakota. 
Ron Bunch, (Industry Co-Chairman). Supersweet Feeds, 
Multifoods Corporation, Minneapolis 
Myron Carpenter, The Peavey Company, Minneapolis. 
E. T. Cashman, Executive Secretary, Northwest Agri
Dealers Association, Inc., 200 W. Ruby St., Mankato, 

Minnesota. 
Frank Coune, Cargill, Inc., Minneapolis. 
Gary Ferguson, Smith, Kline, & French; Minneapolis. 

*Richard D. · Goodrich, Department of Animal Science. 
*Jerry D. Hawton, Department of Animal Science. 
* R. M. Jordan, Department of Animal Science. 

Kermit Kjolhaug,Springfield Milling Company, Springfield, 
Minnesota. · · · 
Duane Klaustermeier, (Industry Co-Chairman). Glencoe 
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Donald Kcilb, Belgrade Superior Feeds, Belgrade, Minne-
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•University of Minnesota 

"The· University of Minnesota adheres to the 
principle that all persons shall have equal oppor
tunity and access to facilities and programs in the 
University without regard to race, creed, color, 
sex, or national origin." 

GENERAL INFORMATION 

The Conference will again be held at.the Holiday 
Inn Central, 1313 Nicollet Avenue, Minneapolis, 
Minnesota 55403. Telephone: (612) 332-0371. 
A block of rooms has been reserved for registrants. 
T~ose requiring rooi:is ·sh~:mld correspond directly 
with the hotel and identify the Conference con
nection. The registration fee will be $20.00. Pre
registration is urged if your attendan~e plans are 
definite. A full refund will be made if requested 
by September 9. 

Tickets for the September 20 luncheon are $4.50 
each, and the September 21 luncheon ~3.00 each. 
Luncheon tickets must be purchased m advance 
with your registration. 

'l"'. ~ _.., 
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TRITICALE, WHEAT AND BARLEY AS LIVESTOCK FEEDS 

William E. Dinusson, Professor 
Depa~tment of Animal Science 
North Dakota State University 

Fargo, North Dakota 58102 

Periodic re-evaluations of '.'standard" feed grains are necessary because 
of changes in grain varieties, cropping systems, types of livestock, and 
desired end product. This brief report will attempt to "bring-up to date" 
information on th~se grains •. Some. of the stateme.nts will reflect the know
ledge gained from over two decades of research on barley and a 1:1omewhat 
short.er period of t.ime. on wheat and ·triticale. Possibly the greatest· weak
ness of research reported, on these grains is lack of identification as to· 
type, quality, bushel weight and area of. production. Apparent contradictory 
results could be· at least partially explained with such added information. 

TRITICALE 
- . 

According to Briggle (1969) triticale is· the result of doubling the chromo-
some number of the sJerile hybrid that results from a cross between wheat 
(triticum aestivum) or. durum (triticum turgidum) and rye (secale cereale), 
hence thename triti-cale. It appears that both durum.and wheat were in
cluded in the crosses (and backcrosses) to produce the triticale. Such 
crosses date back to 1875, but only recently has the "new" grain gained any 
cOilllllercial importance (Busch ~_al. 1971). The original release from the 
Univer~ity of Manitoba is the variety, Rosner. More recently two brand 
names have been offered by commercial companies - Dot and FasGro. In fact, 
FasGro has two numbered selections as "winter types" and four as "spring 
types" (Wilkins, 1'971). · 

Through the· courtesy and ge~eros Hy of the Department of Agronomy,. Univer
sity of Manitoba, several hundred bushels of Rosner were received for eva·l
uation in 1967. A brief swmnary of results of its use in one fattening ra
tion is .. given in Table 1 (Dinusson, 1970). 

TABLE 1, TRITICALE FOR BEEF CATTLE (252 DAYS) 

TREA'IMENT BARLEY TRITICALE 
.;:;·.-

Avg. Daily gain,- lbs. 2.44 1.90 

Feed/day, lbs. 20 15.6 

Feed/lb. gain, lbs •. 8~15 8.25 

In the above experiment the concentrate~roughage ratio was varied during the
experiment but averaged, 66:34. 

In another experiment the grain was used as 80% of the ration and fed to 
both heifers and steers. 

-1-
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TABLE 2. TRITICALE FOR BEEF CATTLE 

TREATMENT BARLEY TRITICALE 
,: 

Sex M F M. F 
Days on Feed 168 147 168 147 
Avg. Daily gain, lbs •. 2.86 2.20 2.51 1.88 
Feed/day, lbs. 20.0 16.4 17.9 14.3 
Feed/lb. gain, lbs. 6.95 7.46 7.13 7.56 

McCloy fil ·al., .(1971) reported that triticale was not con·si.tmed as well· as 
sorghum grain. Lofgren, et al., (1970) found triticale·tO have similar 
energy values as barley ·and did not' encounter palatability problems. McElroy 
(1968) reported Rosner· triticale to be similar to barley for finishing ~teers 
and did not find. the consumption probleins reported from Manftoba. · 

During the progress of the first experiment '(Table 1) it became apparent that 
ergot was having an effect. The triticale from Manitoba was cleaned but con
tained broken ergot kernels in amounts from 0.04 to .06%. Since there were. 
no reports in the literature on the effect of long term, low level feeding of 
ergot, additional trials were conducted to further clari'fy the ergot problem 
with finishing cattle. In some trials ·levels up to one percent ergot were 
included to more adequately evaluate th~ effect •. The results suggest that all 
the sclerod.a (ergot bodies) do not have· the same toxicity and research on · 
this is continuing. · · 

The first noticable·effects of· low level ergot feeding' were reduced feed in
take and gain. Efficiency was rtot always reduced. Table 3 gives results from 
the feeding of ergot to .. fleshy, small type. heifers~. 

TABLE 3. EFFECT OF ERGOT ADDED TO BARLEY-OATS RATIONS (49 DAYS) 

Percent o{ ergot & source 0. 0.5. (Rye) · O. 5 (Wheat) 1.0 (Wheat) 

Initial wt., lb. 591 603 586 

Final wf-. ;~lb• 623' ·592 575 571 

Avg. Daily gain, lb. 0.65 -0.04 -0.06 -0.03 

Feed per day, lb. 11. l 8.88 8.00 7. 77 

A lot of similar type steers fed a ration containing 0.25 percent ergot gained 
2.3 pounds per day and showed no harmful effects. In an experiment in progress 
0.15% ergot is causing serious problems in yearling steers. Not al.l cattle 
appear to be affected alike. 

-2-
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The symtoms known to be caused by low level ergot (less than 0.15%) are re
duced gains, reduced feed intake, unthriftiness, increased water intake and 
urination, and heat stress.. The cattle do not shed winter coats normally . 
and at temperatures of 800 F. have increased respiration r~tes (panting) 
and frequently, slobbering of saliva. ·These observations have been confirm
ed (Phillips, 1969). In·addition other symptoms apparently caused by ergot 
in the feed are difficulty· :l..n curing foot-rot when it occurs, digestive 
dis:turbances, lameness, dullness and unpredictable behavior. 

Research on .. ergot toxicity in the feedlot is continuing. In any event, most 
of. these symptoms have been observed where ergot at levels of 0.04% to 0.15% 
were fed. All the. triticales. grown in North. Dakota are subject to ergotism •. 

In experiments· with tr.iticale for growing-finishing swine palatability pro
blems have been encountered, .(Harrold, fil al., 1971; Bowland, 1968; Stothers, 
et al., 196.~>). 

Until·ergot-free triticale is available true evaluation will not be possible. 
Cleaning isn't always practical or successful. Bowland (1968) used "cleaned" 
triticale and had. 0.02% ergot in the grain. At the North Dakota station 
"cleaned" tri.ti.cale had from. 0.04 to 0.09.% sclerotia. It is of interes.t that 
triticale grown in the Southwest should be free of" ergot, because ergotism 
isn't a problem southwest of Oklahoma. Thus, the evaluation of protein qual
ity and amino acid. availability for swine will await the solution of the 
ergot problem. 

In general there are five classes of wheat; durum, ha.rd red spring, hard red 
winter, soft red winter and soft white. It is not the intent here to 
attempt to review all the research on.wheat. The execellent proceedings of 
the 1970 Symposium on Wheat at Oklahoma. State covers the topic in some detail. 
Rather a brief·progress report will. be given on research relative to Hard Red 
Spring and Durum Wheats from the North Dakota Station. 

In an experiment two bushel weights· of hard red. spring wheat and durum were 
compared with barley for finishing cattle. The "wheats" at 60% of the grain 
(barley 40%) did not perform quite as well as a high energy type barley ra
tion. In. this· 210 day experiment the cattle on dry rolled barley and supple
ment (3 pounds per head daily - containing 50% alfalfa, 30% molasses beet 

·pulp, 10% wheat bran and 10%.minerals and '.'{,ita~i~s, ~nd.pelleted) gained the 
-?'. ' .. ' .. • . . 

best and were easies·t to keep on feed. The heavy hard· red. spring wheat, was 
fFl dark northern, 60.2 lbs. per bushel. The."lighter" wheat was fF3 dark north~· 
ern and weighed:.:-.·s6 ·lbs. per bushel. The durum was sample grade, weighing 53.5 
lbs. per bushel with s·ome sprout damage and the barley was fF4 feed, wetghing 
41.7 lbs. per bushel. A brief swmnary is given in Table 4. 

TABLE 4. WHEAT FOR FINISHING CATTLE (210 DAYS) 

TRFA'IMENT WHEAT - H WHEAT - L DURUM BARLEY 

Avg. Daily gain 2.53 2.51 2.40 2.62 

Feed/day, lbs. 16.8 16.9 17.0 17.4 

Feed/lb. gain los. 6.6 6.8 7.1 6.6 
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The steers on the rolled wheats were a bit more difficult to keep on feed 
than those on the barley. Probably the hull content of barley at 40% of 
grain ·plus the limited amount of roughage in "the. supplement was hardly 
enough fiber to maintain good rumination. Examination of rum.ens at·time 
of slaughter showed all to be normal. The cattle consumed the ration on 
an energy basis and should have gaiµed alike~ In a subsequent experiment 
using 4 grains, attempts were made to equate the fiber content of the ra;.. 
tions using alfalfa or a combination of alfalfa and flax shives (Marvel 
litter). The daily roughage intake was about 3 pounds of ground alfalfa 
(or equivalent) for the barley and proso lots and about ~ pounds of ground 
alfalfa (or equivalent) in the corn and durum lots~ Soybean oil meal was 
substituted for corn to equate.the lower protein .in the corn rations. Table 
5 gives a brief summary. 

TABLE 5. GRAINS FOR FATTENING STEERS (210 DAYS) 

GRAIN BARLEY PROSO CORN DURUM 

Avg. Daily gain, lbs. 2.25 2. ll 2.27 2.25 

Feed per day, lbs. 17.8 18.1. 18.2 17.9 

Feed per lb. gain, lbs. 7.9 8.6 8.1 8.0 

The slightly lower gain in the. proso lots was due to a transient bloat pro
blem with· one steer. There were no significant differences between gains. 

The same grains as used for cattle (Table 4) were also used in rations for 
.swine. Eight percent soybean oil meal was included in all rations to give 
·over 15 percent protein in the rations. The gains suggested that the hard 
wheats., either light or heavy, were about equal to barley and the wheats · 
about 12% more efficient per pound of gain. Pelleting the wheat rations in
~reased -feed efficiency (but not gain) almost as much as for the barley ra
tions. In fact pelleting reduced feed required per pound of gain by 24% as -
average for all rations. The lots on durum did not respond as expected. 
Therefore additional experiments we.re designed to find the limiting factors. 
Table 6 sunnnarizes the findings. Tlie·-~ia'doii~>~ere fortified with 2% of SBOM 
where bar~ey or oats formed half the grain and with 7% SBOM for the durum-
corn rations. Lysine was added at levels of 0.15%. All rations were pelleted. 

The results are of interest because they show the limitation of lysine in 
dunun which contained 14. 5% protein. It also suggests that oats protein ha-· .. 
lances that in durum better than does barley protein and lysine is. apparently 
not the first limiting amino acid in a durum-corn ration fortified with seven 
percent soybean oil meal. 

Villigas _tl al., (1968) measured the protein content and lysine content of. se
lected grains and reported that hard red spring wheat and durum were about e
qual in lysine content and triticale and rye had 20 to 30'7o more lysine than ' 
spring or durum wheats. A further statement is also important - a significant 
inverse relation exists between lysine and the protein contents of wheat, rye 
and triticale. The correlations reported between the lysine in the protein vs 
the protein content are reported as r = -0.40 for spring wheat and r = 0.77 for 
durum grown .in North Dakota. Since only limited analysis of lysine contents 
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of wheats is given in the NRC Pub. 1684, an average analysis for lysine of 
Hard Red Spring wheat is.O.S, for durum, 0.45, and for triticale 0.64 percent 
(on a 100 dry matter basis).. Therefore for swine the limiting amino acid of 
hard red spring wheat and durum is likely.to be lysine. 

TREATMENT· 

Avg. Daily gain, lbs. 

Feed/day, lbs. 

Feed/ lb., lbs. 

TABLE 6. DURUM IN SWINE RATIONS 

DURUM 

0.72 

3.30 

4.59· 

DURUM 
OATS 

50!50 
1.35 

4.82' 

3.57 

DURUM 
BARLEY 
50:50· 
1.06 

4. 72 

4.46 

TREATMENT (above plus 0.15% lysine) 

1.34 

4.58 

3.42 

26 

30 

DURUM 
CORN 

50:50 
1.30 

4.18 

3.23 

l.29 

4.20 

3.34 

-.08 

-3 

x 
1.13 

4.25 

3.96 

x 

1.35 

4.61 

3.41 

20 

16 

The second problem with wheats has been .acceptability. This has been at'trib
uted to the "gwmniness" resulting from chewing. This has been observed, par
ticularly with durum. Consideration should be given in minimizing this limi
tation in wheat rations. If this is a cause of lowered acceptability the 
soft wheats should be superior in this respect. Bria and Dyer (1967) and 
Oltjen (1970) reported soft wheat superior to hard wheat for steers. Ex
periments under way at North Dakota suggest the same. Cattle on soft wheat 
are easier to keep on feed and consume more .feed.~ . In .~ny,_event, the strong 
points for wheat are its relatively high enei:g-y.-·and 'p.rotein content. Its 
weak points and those requiring special attention are its acceptability 
and difficulty·· in·:keeping both· cattle and pigs on full feed. The other and 
less well investigated limitation is that it causes lower rumen pH and more 
variable VFA production (Oltjen; 1970). 

BARLEY 

The feeding of barley requires more of ·the "art" of feeding than feeding of 
corn. Substitutions of barley for corn pound for pound in rations formulated 
for use with corn frequently puts barley in a poor light. It is even more 
disastrous to formulate rations for use with barley and substitute corn. Bar
ley is much more variable than yellow corn in that it varies in quality and 
bushel weight with types, conditions of growth and harvest, and area grown. 
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Regardless of book definitions, feed barley is any barley not suited for 
malting, variety' not withstanding~ This need not be bad. ·The problems en
countered are that too often feed barley is that which is "sized" or "screen
ed" from barley which is intended for malting and this results in low bushel 
weights and is reflected in greater amounts needed per pound of gain •. 

·westcoast barley is generally lower in protein and higher in energy than 
"midwestern" barley. Barley grown under dry land is usually higher in pro
tein than that grown under irrigation or.during wet years. Two-row types 
are usually plumper and heavier than six-row in terms of bushel weight. 
Protein can range from 8 to 20 percent, but in average years ranges from 11. 5 
to 14.5 percent protein in the Northern Great Plains. 

The bushel weight reflects energy value (Dinusson, et al., 1956). A quick 
survey of quality of barley used in research at North Dakota Experiment Sta
tion in the past ten years showed that over 75% of the barley used in the ex
periments weighed less than 44 pounds per bushel with some as low as 40,to 
42 lbs. per bushel. This is one reason why the feed efficiencies of the past 
decade have been poorer than the first decade of research. on how to best use 
barley for swine. 

l'he limitations of barley are usually associated with fiber content. This 
limitation can be.overcome by pelleting for hogs, but isn't necessarily a 
limitation for cattle feeding if the rations are equated as to fiber. An 
apparent limitation in cattle rations is the tendency for cattle to "tire" 
of barley in long feeding periods (excess of 225 days). This can be avoided 
by good management. What the bushel weight means for fattening cattle has 
not been clarified. "It is interesting to note that the barley used for com
parisons in Table 4 weighed only about 42 lbs. The barley used in. the other 
complirisons (Dinusson, et al., 1960) was 44 to 45 pounds per bushel and the 
results are·given in Table 6. Both heifers and steers were fed about 2.5 lbs. 
of h~y per day. The barley was dry rolled and the corn cracked. 

TABLE 6. BARLEY vs CORN FOR CATTLE 

TREATMENT ·CORN BARLEY CORN BARLEY 
·?"'1.--:_·~·:;:: . .;, ···;~'!_)'!;~--:.;-_,. •... 

Sex M M _.., F F 
- ~ ~::.~ 

Avg. Daily g~in, lb. 2.10 2.13 1.89 1. 90 

Feed per day lbs. 16.0 15.7 15.0 14.2 

Feed/lb., lbs. 7.55 7.38 7.96 7.48 

Thoinas and Kral (1965) compared thin (42 lbs. per bushel) and plump (SO lbs.) 
barley for yearling steers - a smnmary of two experiments is. given· in Table 7. 
The rations included some corn silage and beet pµlp plus supplement. 
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TABLE 7. PLUMP vs THIN BARLEY FOR CATTLE 

-:, - Exe. 1 E~. 2 
Plump Thin Plump Thin 

Avg. Daily gain,· lbs. . .. 2 .12 2.38 2.43 2.40 

Feed/day lbs. 25.30 . 26. 75 25.4 25.4 

Feed/lb., lbs. 11.62 11.23 10.45 10.58 

From these brief results it appears that •ithin" barley may be about equ~l to 
"plump". for cattle. Additional· research on this point, for cattle would be 
interesting. 

Physical form of barley for cattle has been a point of interest. Windels, 
et al.' (1970) found no difference between ground and dry rolled. barley for 
cattle. Similar results were. obtained a~d no benefit for pelleting or s.team 
rolling was obtained (Dinusson et fil., 1969 ~ 1961, 1962, 1964) ~ . Nor did 
tempering of barley or the use of high moisture barley make an appreciable 
difference (Dinusson, _il al., 1965; Douglas, fil al., 1961). In contrast 
steam rolling does have an effect on west coast barley (Hale 1965). In any 
event barley is competitive to corn for finishing cattle when rations are 
formulated to take advantage of the strong points and supplement the limita
tions ·of barley. 

For swine, .the protein level of .barley is higher and of better quality than 
is th.at.of corn (Dinusson, et fil.,. 1953, 1955, 1962, 1969). Physical form 
of the ration is of more importance because of the fiber.content (Dinusson, 
et al., 1953, 1958, 1969; Haugse, et al., 1966). The following table will 
illustrate bo~h point~. 

·. TABLE 7. BARLEY FOR SWINE 

RATION 
Exp. 1 

BARLEY MEAL BARLEY PELLET CORN MEAL CORN PELLET 

Avg. Daily gain, ib. 

Feed/day(l) 

Feed/lb., gain, lb. 

Exp. 2 
Avg. Daily gain, lb. 

Feed/day lb. (l) 

Feed/lb., gain, lb. 

1.57 

6.4 

4.09· 

1.39 

5~, 1 

3.65· 

(l)Feed offered (includes any wasted) 

1. 79 1.62 

.6.1 ··/'• -; ... 6.6 
.. ~)-·:;;·:·:-,:~ ... _ ~ ... · .. 

"'''- ~ 

3.38 4.09 

1. 58 1.43 1.41 

5.3 4.9 4.5 

3.37 3.38 3.21 

Bushel weight or plump vs thin barley has more effect on swine than on cattle 
(Dinusson, _il al., 1956). Table 8 will illustrate this. 
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'TABLE 8. PLUMP vs THiN BARLEY FOR SWtNE- (PELLETED ·R?-TIONS) 

BARLEY "PLUMP'' . 
< • ~.. ' 

Bushel Wt. (46 lbs.) ,,· (37.lbs.) 

Avg. Daily gain~ lb. 1.42 1.39 

Feed/day lbs. '4.8 s.o 

Feed/lb. gain lbs. 

' ' ·~ 

Because these rations were pelleted the pigs were able to eat on energy basis 
and a drop of.~ lbs. in bushel weight did not effect gairi but .10% more feed. 
was required per pound '.of gain for the: thin barley. ·On meal '"rations the dif.: 
ferences were·2s% (or more) feed required per pound of gain for the thin bar
ley but.accurate measurements were .impossible because of wastage from-feeders. 

All aspect's of feeding barley cannot be discussed here so additional· refer
ences .were listed for thos_e desirous of checking further. 

SUMMARY 

Research· results suggest t;l)at.:wheats ,and barley are competitive to corn in 
ratioris of:both swine. and cattle when used in rations formulated for their 
'us~, and supplements provided to minimize the i:lmitatiOns. Each grain.has· 
i tS .owri pecular:i._tieS :and. requires l)l~re Of the II arti' Of feeding., than. do COrn 
rations. · 

Triticale shows prom:is.e ·a~. an.other t~ed grain, but the problem of sterility 
and subsequent ergotism will have to be solved, be.fore it can becom~ a major 
feed grain=in this area. 
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OILSEED MEALS FOR LIVESTOCK 

.. s. L. Balloun, Professor 
pepartment of Animal Science 
. Iowa State University 

During the past 40 years; the efficiency of converting feed to 
meat has nearly doubled. At the same time, the usage of soy
meal has increased from being a mino~ ingredient to a time when 
we consider animal protein feed stuffs as minor ingredients and 
soymeal the major protein source. Whether the increase in ef
ficiency was caused by, or was in spite of, the increased soy
meal used is a point to ponder. Nevertheless, the soybean is, 
and probably w111 continue to be, the major source of protein 
in Midwest swine and poultry rations. 

However, soy protein is not the only important plant protein 
available to livestock feeders. Sunflower meal, peanut meal, 
cottonseed meal, linseed meal, safflower meal, sesame meal and 
rapeseed meal are all important protein aoncentrates. Further 
possibilities for the future could be named. Crambe Abyssin
ica is one of these which is adapted to Midwest conditions. 
Each of these oil seed meals has certain advantages - in many 
cases, simply the advantage of regional availability and econ
omy. Each plant protein product also has certain nutritional 
(or u~age) limitations~ Although we in the Middleweitvfavor 
soybean meal over other oil seed meals, a review of the other 
important meals might be helpful .. Some idea of the importance 
of various oil seed meals in the U.S. is shown in Table I. 

Table I. ·.·usage of oil seed meals in the U.S. 

Type Oilmeal 

Soymeal 
Cottonseed Meal 
Linseed Meal 
Peanut Meal,_ 
Copra Meal--~ 

1968 
(1omons) 

11,492 
-:2~;.067-. 

197 
135 
111 

1969 
(lOmrt'ons) 

12,300 
1,900 

175 
135 
110 

USDA Feed Situation, 1969. 

COTTONSEED OIL MEAL 

Obviously, at this time, cottonseed meal is the only important 
competitor of soymeal in the U.S. livestock rations. Cottonseed 
meal can, by definition, contain as little as 36% protein, but 
as generally produced in the U.S., it contains 42' or mo~e of 
protein. "Low gossypol 11 meal must contain 0.04% or less of 
goasypoL 
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The one important advantage for cottonseed meal is that, in 
some region~; it is cheaper than .soymeal. This makes ~t a 
tough competitor . for soymeal in many. ar~as. of the world, in 
spite of its nutritiorial deficienciesr-· · 

Table 2. Comparison of some critical nutrients in 611 seed 
meals. 

Prot ... ME/kg 
. .. 

Meal Fiber Lysine· Meth. Cystine 

Soybean 49 2425 3.0 .. 3. 3 o.68 0.73 
Cottonseed 4i 1820 '12.0 1.7 0.65 ·0.85 
Peanut 46 2490 7.0 2.30 o.4o 0.60 
Linseed 35 1411 9~0 1.20 0.70 .o.64 
Copra 21. :·, 1540. 15.0 ;0.64 0.29 0.30. 
Rapeseed 40 2200 13.8 2.09 0.76 ;T 
Sunflower 47 a:vso 11.0· '· 2.00 1.60 0.80· 

The data in Table,2 show that, when comparing costs of ~otton
seed meal with soymeal, the feed formu_lator needs to consider, 
not only crude protein, but also _energy, fiber and' lysine .. ··. 
Lysine is particularly. important, especially in low-protein. 
finishin~ di~ts; where much of the protein comes from lysine-
deficien.t cereals'.. . . . 

rn··addition to the serious deficiency of lysine, gossypol is 
still a problem in .cottonseed meal because, al though consider
able progress has been made in producing.low-gossypol meal, we 
still cannot be sure of consistent quality. Furthermore, the 

· presence of the cyclopropehoid fatty acids must be cori~ide?ed 
when cottonseed meal is used in layer rations. Of, these, ster
cul_ic acid probably has the most serious effects. 

When cottonseed meal is a.~~i)~-"~Rl.-:.~.;,~.:~--~an attractive price, the 
. safest usage would be in the:· :rafl!:0ns,:- or· growing pullets, dev.el

o.pif'lg turkey breeders, growing siihne and for ruminants. The 
most damage could be don~ by use in diets of laying hens. 

Lyman and Hale (1963) and -~Clawson and• Smith ( 1966) have demon
strated the effectivenesssof iron salts in counteracting the 
toxicity of gossypo1 in swine rations. In the work of Lyman 
and Hale, only diets containing cottonseed m~al were fed so no 
comparison could be made with lysine-adequate or corn-soymeal 
diets. However, Hale anq Lyman .(1961) reported greatly accel
erated growth fro_m the addition of lysine to supplement cotton.;. 
seed protein., .With one low~quality cottonseed ~eal they in
creased. daily weight gains from_0.34 pound to i~66 pounds by 
adding lysine~ With a better.quality cottonseed meal, gains 

_were increased from 1.07 pounds to 1.6 pounds daily by· the · 
addition of lysine~ 

-14-



i 
I 

l 

( 
I 

II 

Clawson and Smith (1966) Showed that a diet with 12.5% of cot
tonseed meals was inferior to corn-soymeal diet, even when 
iron salts were a.dded. Two cottonseed meals, containing 0.07 
and 0.32% of free gossypoi were used in a blend to produce the 
gossypol levels .indicated. 

Table 3. Performance of pigs fed rations with graded levels 
of gossypol and iron. 

Gossypol (mg/kg) 80 244 80 244 80 244 Corn-
Iron (mg/kg) 0 0 40 122 80 244 soy 

Control 

Av. daily gain 1.63 1.21 1.61 1.52 1.56 1.67 1.74 
Feed/gain 3.67 3.86 3.60 3.90 3.70 3.74 3.51 

PEANUT MEAL 

Peanut me.al is not used extensively in tfl.e United States, al
though the usage of 135,000 tons (Table I) indicates some 
interest. World-wide, peanut meal is an important competitor 
for U.S. soybean meal in spite of its nutritional deficiencies. 
The meal, as usually produced, is a fair protein source, al
though, as shown in Table 2, it is somewhat deficient in lysine 
and is even more deficient in methionine than is soymeal. When 
cost is competitive to soymeal, the main limitation to the use 
of peanut meal is the danger from the possible presence of molds 
which pr.oduce the toxic aflotoxins. !-Iowever, peanut meals are 
now routinely tested for aflotoxins. 

Few research reports have been published in the last few years 
regarding peanut meal .. In fact, no papers were found in Poul try 
Science more recent than 1966. California workers (Rajaguru, 
Vohra and Kratzer) studied the effects of peanut meal in high 
protein diets. They found that growth was much inferior on 
peanut meal diets compared with. a s~yme~l <;iiet (Table 4). 

f":' '_;. -·-,.,_., ". 

Table 4. Comparison of peanut meai vs soymeal in the diets of 
:--':.young chicks (Means of 4 experiments). 

Diet 

Corn-soy-fish 
Corn-PNM-fish 

Diet Protein 

25.0% 
25.5 

Av. wt(3 wks) 

317 g 
265 

Feed/gain 

1.50 
1.75 

In these experiments, no attempt was made to supplement defi
cient amino acids. However, since.the peanut meal diet con
tained 9% of fish meal, no serious deficiencies should have 
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resulted. Waldrou? and Harms (1963) found that a corn-peanut 
meal-fish me~l (3%) diet was d~ficient -in lysine, methionine 
and tryptophan. Supplementing the peanut meal diet with these 
amino acids significantly improved galns and feed conversion 
efficiency of broiler chicks. However, the growth rate and 
feed efficiency of chicks fed the supplement peanut meai diets 
seldom approached that of chicks fed a corn-soymeal diet. 

Anderson and Warnick (1965) also conclu~ed that methionine was 
the first, and lysine the second, limiting amino acid in peanut 
meal. In no case did chicks fed supplemented peanut meal diets 
match the gains and efficiency of chicks fed soymeal diets. 

LINSEED MEAL 

Although linseed meal has been used in swine and poultry rations 
in a few instances in the past, practically all is now used in 
cattle fattening rations. There is enough demand for linseed 
meal for cattle rations that it is not economical to use as a 
substitute for soymeal in poultry and swine rations. Further
more, linseed meal contains toxic factors (an antipyridoxine 
factor and a cyanogenic glycoside) which makes it unsuited for 
use in poultry and swine rations. 

RAPESEED MEAL 

There is an increased interest in the production of rapeseed 
meal, at least partially due to the fact that rapeseed can tie
produced under climatic conditions not suited to so~bean pro
du6tion. ·A second attractive feature of rapeseed is the high 
yield of erucic acid. Scott (1969) says - 11 Rapeseed meal con
tains 35-40% protein of high biological value unless the lysine 
is destroyed by excess heat treatment during processing." The 
data in Table 2, taken from the National Research Council pub
lication, Nutrient Requirements of Poultry, 1971, indicate 
that lysine is seriously deficient in rapeseed meal and that 
metabolizable energy is appreciably lower than that in soy
bean meal. The figure of;~?2Q_9_i·.~..E':~G.a::l/kg (Table 2) seems 
doubtful, furthermore, sfn·c·e--the·-~.:stuc·ies of Lodhi et al ( 1969a) 
indicate that an average energy ~alue for 9 samples of rape
seed meals averaged 1222 ME Cal/kg. for chicks. The values 
for the 9 rapeseed meals ranged from 854 to a high of 1582 
ME Cal/kg. These same workers reported a value of 1782 ME 
of rapeseed meals for hens, contrasted to a value of 2290 found 
by Sell (1966). In a later paper, Lodhi et al (1969b), showed 
that rapeseed meal contained 6.9% available carbohydrate where
as soymeal contained 14.1%. This no doubt accounts for some 
of the difference in metabolizable energy between rapeseed and 
soymeals. Cla.ndinin and Rao ( 1970) showed that 15 samples of 
rapeseed meals contained an average of 8.3% of pentosans, as 
compared with a reported average of 5.6% for soymeals (Bolton, 
1957). Pentosans are practically indigestible for the young 
chicken. Rapeseed meal is a good possibility for supplementary 
protein for the future when soymeal production may not meet the 
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demand for domestic and export needs. The limitations of the 
presently avaiiable rapeseed meals should, however, be recog
nized. 

CRAMBE ABYSSINICA· 

Crambe is an outstandihg example of a new oil .seed crop that 
has a good chance of becoming an important crop. In Oregon, 
under irrigation, Crambe has yielded over· two tons of seed per 
acre. Under. dry land farming in North Dakota, Crarnbe has 
yielded 1000 tO 1600 pounds per acre. As with rapeseed, an 
attractive feature of Crambe is the high content of erucic 
acid in the oil. 

The meal from Crambe seed is high in lysine (6% of protein) and 
methionine (2% of protein), but, like rapeseed meal, the pres
ence of goi trogens and cyano compounds .is a problem. At 
present, Crambe meal is not recommended for non-ruminants 
(Tockey et al, 1965; Wolff, 1966). 

SUNFLOWER MEAL 

Very little sunflower meal is fed in the United States, but it 
has certain advantages, as well as limitations, and is a very 
important competitor of soymea1 in our export markets, espec
ially in the Middle East. Since 1962 sunflower oil has advanced 
from 5th to 2nd place on the international oil market. This 
has necessarily also produced a greatly increased supply of 
sunflower meal for export - especially from Russia. 

Sunflower meal is high in fiber and low in energy and lysine. 
It does, hciwever, contain more than twice as much methionine 
as does soymeal. Not very many papers have been published re
garding sunflower meal. Morrison et al (1953) concluded that 
one reason for the extreme variability found among sunflower 
meals was the high temperatures used in some processing plants. 
They were able to produce-a sunflower meal equal in nutritive 
value to soymeal by processing temperatures of 200° F. in the 
cooker and 2200 F .. in the conditioner. No indication is given 
in this paper that the soymeal di~~t. was.-~-s.upplemented with me
thionine so one must wonder about trie ap~llcation of their 
conclusions:·:i:to the general case. Coit et al (15·69) and Coit 
and Rose (1970) have investigated the nutritive value for lay
ing hen~ of meals from high-oil varieties of sunflowers. Egg 
production and feed efficiency were reduced by the substitution 
of sunflower meals for 50 or 100% of the soymeal of the diet. 
Lysine supplementation improved the sunflower diets in one 
experiment but not in another. In these studies, a problem of 
excessive egg staining was concluded to be caused by a phenolic 
compound present in sunflower meal. Feeding the diet in a 
crumbilized form reduced the egg shell staining. 
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Rose( 1971) f.ound that replacement bf 15% of the soymeal. pro·'.'" 
tein by sunflower mea·l protein did not reduc·e gains· to 4. · 
weeks of· age. Feed conversion, however, was reduced 6%. Re
placement of 30 or 45% of the soymeal protein by sunflower 
protein significantly reduced gains and feed conversion~ ·even 
when lysine was supplemented. 

Waldrou~ et al. (1970) co~~luded that sunflowe~ me~l ~ould ~e
place 50% o.f the "soybean meal in broiler diets if rations · 
were. pellet.~d; ·but. no more. than 15% if the diet was fed. as 
mash. Wheri not pelleted, the high-suhflower ~eal-diets tended 
tb impact in the beaks of chicks, causing a high inciden~e of 
abnormal beaks. Lysine additions improved the high-sunflower 
diets. Even when lysine-supplemented, however, the replace~ 
ment cir 75% of the sdybean meal. by sunflowe~ meal reduc~d 28-
day weights by 13~3% and inqreased feed required per unit of 
gain by 18. 4%; When all the· soymeal was repl_aced (in iso- · 
ni trogehous, iso-caloric diets) by sunflower meal,_ .weigh,ts 
were reduced 29% and feed required per unit. of gain was in
creased 38%, even though lysine was supplemented. 

It seems reasonable to conclude, from the available limited 
data, 'that sunflo~er ~eal hai limited possibilities for poul 
_diets. It's high' fiber content, low lysine and low metaboliz
able· energy values limit it's use for most poultry rations. 
For 11 holding 11 

.. turkey breeders or for feeding growing pullets 
it probably would be worth ful'ly as mu.ch as soybean meal and 
could be used t6 replace .s9ybean meal in the~e rations. . \ 

SAFFLOWER OIL MEAL 

'The interest irr"the safflower plant has been mostly in· its, 
yield of a highly unsaturated oil. However, the by-product 
meal contains 41:..42% protein of fair quality, the most serious 

·amino acid deficiency being lysine. It.contains only one-half 
as much lysine.as does soybean meal, being even lower.in this 
important amino acid than is ·cottonseed meal. It's use is 
also limited by the high~f:i:tter.·>·~!J:~r.~'-Iqw_ ·energy content. . 
Safflower meal can. be used e"ffec:tively if the amount is limit
ea~ tb not ove~ 10% in a 22% chic~ diet and prope~ attention 
is. given to lysine arid energy concentrations (Castello, 1968). 

Valadez et ai (1~65) aon~ucted thr~~ experiments with male 
broiler chicks to dete:ijnine the value of deqorticated saf
flower meal. They condluded that safflower meal .could . 
replace 50% of.the· soymeal in a broiler diet without. lysine 
supplementation. If lysine was _added, weight gains wer~· not 
reduced_ by 100%.replacement of soymeal by safflower meal.· 
However, even with J.ysine-supplementation, feed efficiency 
was significantly less when safflower diets were fed~ This 
was true even when diets were made iso-caloric by· adding 
cellulose to high-soymeal diets. 
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Kuzmicky and Kohler (1968a and b) found, contrary 'to the· 
conclusions of Valadez et al, that lys·ine-supplemented saf.;.; 
flower rations: produced better chick growth (8.8~ over 
soybean meal control) and, when energy was equa·lized, feed 
efficiency from the safflower r9.tiona was at least as good 
as that resulting from feeding soybean meal rations. Higher 
levels of safflower meal ~ould be used without lysine-supple
mentation after chicks were two weeks of age. 

SOYBEAN MEAL 

The place of soymeal in livestock rations is well-established 
and its quality and limitations are well-lmown. Althou.gh most 
nutritionists agree that a corn-soymeal diet is improved by 
the addition of some s,ources of unidentified factors (fish 
products, whey or distillers solubles, fermentation products), 
a very simple combination of corn and aoymeal plus methionine, 
minerals and vitamins will produce excellent growth and feed 
conversion. The balance of amino acids in soybean meal is ex
cellent except for a deficiency of methionine (Table 2). Un
fortunately, although methods of processing have been well 
developed, not all soymeal on the market is of the quality we 
generally expect of U.S. processed meal. Recently, a coop
erative regional project was conducted with the primary ob
jective of determining whether' cooperative regional nutrition 
research is feasible. At each University, diets were fed 
which had been mixed at one location and diets also were fed, 
baaed on the same formulas, but mixed at each University from 
ingredients available at that Wtation. Poults from a common 
source were used at all Universities. 

Tab1e·5. Comparison of diets of the same formulas, but dif
ferent sources of ingredients. 

... _-... -

Common Mix 
Local Mix 

Weights (3-week) 

" _;,.... -.· , 

Univ. "A"--··· 

470 ( 1. 56) 
375 (1.89) 
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The similar weights and feed conversions at all 4 Universities 
when the "common" miX was fed shows that the inferior results 
of poults fed the locally-m1Xed feed at University"A' must have 
been because of some inferior ingredient, very likely the soy
meal. At the completion of the test, the soymeal at Univ. "A" 
was tested by a dye-binding method and was found to be in
sufficiently heat-treated. This points out the desirability 
of careful testing of soybean meals for quality. 

Last year, at this conference, Hanson et al (1970) presented 
an excellent review of developments in the use of "full-fat" 
soybean meal for swine. Waldroup (1969), White et al (1967) 
and Hull et al (1968) have reviewed the work at Arkansas With 
infra-red heated and extruded soybean meals. Their work shows 
that excellent quality full-fat soybean meal can be processed 
by these methods. Table 6 shows typical results from one 
Arkansas trial. 

Table 6. Utilization of unextracted soybeans by broiler chicks. 

Process and Diet form 

Soymeal-Mash 
Pelleted 
Reground 

Extruded-Mash 
Pelleted 
Reground 

Infra-red-Mash 
Pelleted 
Reground 

5-week wt. 

660Cd 
677cd 
642C 

632bc 
713d 
67ocd 

56oa 
671cd 
5s4ab 

Feed/gain 

l.56b 
l.48ab 
l.61b 

i.55b 
l.39a 
i.57b 

l.81Cb 
1.51a 
l.74C 

In tr1ese trials, all diets·.ov/'eref.;:p"'aicuiated to be isocaioric 
( 3124 ME/kg) and isoni trogen-ous ~'( 23% crude protein). Much otheJ 
wofk from Arkansas was reviewed last year at this conference 
(Waldroup, 1970). Diets containing extruded soybeans sup
ported equal or superior~performance to that resulting from 
soymeal with added soyo1l~ Pelleting usually improved the diet 
containing either extruded or infra-red cooked beans. This 
latter process usually resulted in a product inferior to soy
meal or extruded beans, but if the diet was pelleted, growth 
and feed efficiency were not significantly less than those 
achieved by chicks fed soymeal or extruded soybean diets. 
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our work with 1.mextrac ted, extruded and infra-red cooked soy
beans agrees very well with that of the Arkansas workers. We 
have conducted 5 trials with broiler chicks and one trial with 
turkey pou1ts. we· c,ompared diets in which soymeal, infra-red 
cooked -or extruded soybeans furnished all of the supplementary 
protein to corn~ We included a corn-soymeal diet with.only a 
small amount of added oil {2-2.5%) as well as a corn,..soymeal 

· diet with soyoil added to equalize the fat content to the diets 
cont~'-ning unextracted·soybeans. Data from three typical 
experiments :are shown in Tables 7, 8 and 9. 

Table 7~ . Effect of unextracted cooked soybeans on broilers ·· 
to 4 weeks of .age. 

Trea trrierit. Protein Fat ME/lb. 4 wk wt.· ·Feed/gain 

Soymeal- · ·. 20.2 . 5.8 -1430 . 61oab l.71b 
IriTra-red 20.2 10.3 1515 593b l.77c 
Extruded 20.0 -10 .1 .1515 .. 583b l.69b 
Soymeal & Oil 21.5 10.3 1530. 635a l.63a 

Table 8. -'Effect of unextracted cooked soybeans on broilers to 
:r weeks of age. 

Treatment Protein Fat . ME/lb. 7 wk wt. Feed/gain 

Soymeal 21.5 5.5 1430 1496bC 2.24b 
Infra-red · 21 .. 0 10.0 1510 1465C 2.27b 
Extruded 2L5 10.0 1510 152lab 2.08a 
Soyme.a1 & Oil 21.7 . 10.0 1530. 153la 2.05a 

.. _. .. ~::..-:'"' ... 

Table 9 oi·. Effect of replacing varying percentages of soymeal in 
a poult diet by extruded soybeans. 

Soymeal. Extruded Beans Protein Pat ME/lb. 3Wk wt. Peed/gain 

51.7% None. 28.0 10.0 1500 353a l.47a 
. 34 .• 5 23.6% 28.1 12.0 1500 -356a l.46a 
17.25 47.2 28.2 13.4 1500 338b. l.65b 

None 56.7 27.9 14.0 1500 339b l.44a 

-21-

I:. 

' i I 

I. 

: 



Shen' et a:1. ( 1970 )- fed diets containing 55% of ·inf.ra-r.ed SOY-:

beans -to turk¢'t.' pou 1 ts -in ·a comparison with c0mmerc ial soymeals. 
They -r>eported· 'quite good growth" ,- al though the growth rate was 
not equal to thos·e poult's fed diets ·containing commercial ·soy-

. m:eals. - For their two -experiments.~ :J.:..week weights a'veraged 422 g 
· for poul ts' fed soymeal>dieta and 392 g for poul ts fed· soybean 
diets. This differe-nce was statistic ally significant .. :·Feed 
conversions w-ere ,1. 50 and .1.·57, respectively. : · ·' · -" 

' . . . 
'. '.;· ,.. ·,.• •, .·· ' . ·~~ ;-

These trials all iridica:t~ that it is entirely feasible to·.pro
duce a good protein feed by on-the_-farm cooking. However, one 
should realize. that '..'quality" is not automatic apd that very 
careful supervision and moni toring.·.of ·the process is a "must". 
Furthermore, economic considerations will finally determine 
whether the feeder- will--turn from solvent-extracted meal' to un-

' extra·cted, cooked soybeans. Based on our results, if 49%-soy
meal costs $90 per ton, one could afford a price of $80 per 

·ton for uriextracted, ~~6perly cociked; b~ans. It i~ ~f interest 
that the ISU swine nutrition section has also estima_t~d -a value 
difference of_ '$10 per toh . in favor of soymeal in their· trials 
with young pigs. -·· · . . . 

" 
Micr~wave cooking of soybeans offers another possibility for 
processing. dust'afsori et 'al (1970) produced a meal from un
extracted, microwave-heated soybeans which, on the ba.sis of a 
urease test, was adequately heated. This meal, however, when 
supplying the supplementary protein to corn in isocaloric, iSo.
nitrog~no0s -diets, did not produce gain~ approaching those 
achieved by chicks· fed corn-soymeal .diets. 

Table 10. · Microwave heated soybeans for chicks. 

Diet Treatment 

Soymeal & so·y oil 
Soymeal & An. fat 
Microwave Soybeans 
Raw-Beans & Soy Oil 

· 28~day wt·. · Fefod/ gain 
-

Pancreas· wt. 
(%of.body wt.) 

:- o .257a 
o.272a 
o .·2a5a 
0.602 

We have perfo-rmed. one · experimentrwith microwave-heated.' beans 
and our results agree closely with those of Gustafson. We were 
able to produce meals with low urease values but, when these 
nieais furnishe·d ·the 'supplerrieritary "protein·. in isocaloric diets, 

. · 19-day ·weights of chi,cks were, 357 · g for ·a' cO.rn-soym·eal 'diet·; 
359 g for a corn-extruded bean diet; and ranged from 255 to 327g 
for corn.:'.ffiicrowave-heated bear{ die.ts. -- '' ' ' 

... 
•., f 
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ENHANCING FORAGE VALUE 

Terry Klopfenstein, Animal Science Department 
· University of Nebraska 

Large quantities of low quaitty forages exist in this country. They include 
low quality hays, corn stalks, corn cobs, wheat straw, oats straw and many others. 
Low quality forages are inefficiently utilized by ruminants because of high con
tent and poor digestibility of the fibrous fraction. This poor digestibility is 
related to the extent of lignif ication of the cell wall components of these low 
quality forages. There are probably three ways that the value of low quality 
forages can be enhanced. The first of these would be management such as maturity 
at harvest, quality control, type of storage, etc.· Second would be breeding pro
grams that might develop forages with higher digestibility. Third, the primary 
subject of this paper, is chemical and/or physical treatment of the forages to 
increase the value of the forage. 

For many years sodium hydroxide has been used in an attempt to delignify 
forages and thereby increase digestibility (Gadden, 1920; Beckman, 1922; Archiba.ld, 
1924; McAnally, 1942; Woodman and Evans, 1947; and Stone et al., 1966). The 
procedures involved washing of the residues after the sodium hydroxide treatment. 
This washing removed solubles and thereby reduced nutritional value. Wilson and 
Pigden (1964) and Donefer (1968) attempted to simplify these early procedures by 
adding less moisture and eliminating the washing step. Recently, Goering et al. 
(1969) and Smith.et al. (1970) have chemically treated feces. The following 
research has been conducted to determine the feasibility of sodium hydroxide treat
ment of low quality forages followed by feeding or ensiling and feeding. In 
addition, recent developments have been made in the area of high temperature and 
pressure treatment of forages. 

DIGESTION TRIALS 

In a digestion trial, lambs were fed alfalfa stems or corn cobs which had 
been treated with 4% NaOH (4 Kg NaOH per 100 Kg dry matter), 4% Na2o2 

or 4% Na
2
o

2 + 3% H2o2 ~ The chemical was added to the finely ground roughage and enough wafer 
added fo increase the moisture content to 50%. The material was well mixed and 
allowed to react for 48 hours and refrigerated until feeding time. 

was 

. ,.:...· . ... .. . , •... : . -
The chemical treatments increased in vitro ·and animal· digestibility of the 

forages (table 1). The increase in digestibility of the corn cobs was cons.iderably 
greater than was·- that for the alfalfa stems. However, the increase in digestibility 
of the cobs by the animals was not as great as that obtained in the in vitro 
analysis. Nitrogen retention was increased by the chemical treatments. This 
digestion trial indicated that chemical treatment was possible, that the animals 
would consume the treated forage and that digestibility and nitrogen balance were 
both increased by chemical treatment. 

In all digestion tr_ials, in vitro dry matter disappearance is shown. This has 
been used as an indication of the maximum response obtainable with animals. When 
the response was not obtained with animals, it may indicate that some· nutrient or 
nutrients were deficient or in imbalance; or that some other factor such as rate 
of passage was reducing digestibiit~y,. 
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Table 1 Chemical· Treatment of Alfalfa Stem$ and Corn Cobs (Jones and Klopfenst 
1967) 

Treatments 

Alfalfa stems: 

· Control 
4%. NaOH . 
4% Na

2
o

2 4% Na2o2 + 3% H202 

.• . 1 
Corn cob r·a:tion : 

Control· . · 
4% NaOH 
4% Na2o

2 4% Na
2
o

2
.+ 3%·~~02 . 

In 
Vitro 

·digestibility 

%. 

. 51.9 
·56. 7 
57~1 
57.7 

56.1 
.. 70. 2 
.70.9 
71.1 

In 
Vivo 

di~esti_bility 

% .. 

49.7 . 
56.5 
54.5 
54.5 

. 54. 2 
. 62. 8 
66.4 
66.2 

. NitrJ 

. retentii 
I 

% 

. . : 6. 6 
13.5 

·10.1 
9.4 

4·. 2 
·9.3 
.10 •. 5 
:7'.· 8 

1 . . . ' . . i, ,' . ' 
Includes 23% of.the following supplement: 
moia.~ses and .4.4% dicalcium phosphate~ 

60% ·soybean meal, 35. 6% hem~cellulosl 

In the next trial (table 2), corn stover was treated with 3 or 5% sodium 
hydroxide. 

Table 2 NaOH Treatment of. Corn Stover (Krause, Klopfenstein and Woods, 1968) 

Treatments 

Control 
3% NaOH 
5% NaOH 

In In 
- ·· Y,.?-_~r.9~;~.:·>1:~~~r;:t;r. _ Vivo 

dige.stibi,l:iti;'"":-··- ~ · digestibility 

49.5 
62.3 
69.0 

~ .. 

49.i 
59. 2. 
60.3 

. I 
Digestibili 
.. by . I 
difference! 

49.1 

68.9 
I,. 

1 Corn stover fed with alfalfa and digestibility calculated by difference. 

Moisture was increased to 50% and the mixture was ensile:d in.55 gallon drums with 
plastic liners. The fermented mixture was fed to lambs in a digestion trial. In 
this case 3% NaOH treatment increased d'igestibility of the corn· stover by approxii 
10. percentage uni ts. However,·· treatment with: 5% NaOH did not . cause a further 
increase in animal digestibility.· In vitro digestibility was increased by the· 5% 
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Table 1 Chemical Treatment of Alfalfa Stem$ and Corn Cobs (Jones and Klopfenstein, 
1967) 

Treatments 

Alfalfa stems:. 

Control 
4% NaOH 
4% Na

2
o

2 4% Na2o2 + 3% H2o2 

. . 1 
Corri cob ration ~ 

Control 
4% NaOH 
4% Na

2
o

2 
4% Na2o2.+ 3%·~~02 

._ ... 
In 

Vitro 
· dig~stibility . 

%. 

' ~ ..... 

. 5i.9 
·56. 7 
57~1 

57.7 

5.6;1. 
)0.2 
. .70. 9 
71.1 

.. '• ,., 

·. ·~ .. 

In 
Vivo 

dig;esti?ility .. 

% 

49.7 
56.5 
54.5 
54.5 

54.2 
62.8 
66.4 
66.2 

. Nitrogen 
·retention 

% 

.. 6.6 
13.5 

,10.1 
9.4 

'~ . 

,4. 2 
9.3 

.io .. s 
:.7:_.8 

1InCludes 23% of the following sJppiement: 
molasses arid 4. 4% dicaldum phosphate~ . 

60%.soybean meal, 35.6% hemicellu;t.ose 

In the next trial (table 2), corn stover was treated with 3 or 5%· sodium 
hydroxide. 

Table 2 NaOH Treatmen.t of. Corn Stover (Krause, Klopfenstein and Woods, 1968) 

Treatments 

Control 
3% NaOH 
5% NaOH 

v~~r~ ~-.r -.-:::·ill.~:~:1~~v~~o 
digestibility .:I digestibility ,. 

'/• 49.5 49.i 
62.3 59. 2· 
69.0 60.3 

Digestibility 
by . 1 

difference 

49.1 
--

68.9 
'·. 

1 . . 
Corn stover fed with alfalfa and digestibility calculated by difference. 

Moisture was increased to 50% and the mixtur.e was ensiled in 55 gallon drums with 
plastic liners. The fermented mixture was fed to lambs in a digestion trial. In 
this case 3% NaOH treatment increased digestibility of the corn· stover by approximately, 
10 percentage units. However, treatment wit~ 5% NaOH did not.cause a further 
increase in animal digestibility.· In vitro digestibility was increased ·by., the· 5% 
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NaOH treatment compared to the. 3% NaOH treatment. When the 5% NaOH treated cobs 
were fed in combination with alfalfa _and digestibility determined.by difference, 
the increase in animal digestibility was as great as. that determined in vitro. 

Whole plant corn silage was treated with 0 or 4% NaOH and ensiled in 55 
gallon drums. The treatment-increased in vitro digestibility by approximately 
10 percentage units (table 3). Animal digestibility was increased by only 2~ 
percentage units. This in~rease would not appear to be- enough to be of practical 
significance in feeding programs. 

Table 3 Chemical Treatment of Whole Plant Corn Silage (Krause et al., 1968) 

Treatments 

O!li NaOH silage. 
4% NaOH silage 

1 - - -
In vitro dry matter disappearance.· 

Organic 
matter 

digestion 

66.6 
_69.1 

In 
Vitlo -
DMD 

66.0 
75.7 

Wheat straw was'.treated with 4% NaOH and allowed_ to react for 48 hours. This 
mater:ial was not ensiled prior to feeding. ·The _control straw_ and NaOH t_reated · 
straw were fed supp_lemented either with. soybean meal ·or a urea supplement. The 
supplements comprised 30% of the rat-ions ·in this trial. NaOH treatment increased 
animal digestibility of the straw·by approximately 10 percentage units (table 4). 
The increase in in vitro digestibility was approximately 15 percentage units. 

~ . - . . 

Table 4 Digestibilities of Wheat Str~w (Hasinioglu, Klopfenstein and Doane, 1969) 

Ration 

Straw + SBM 
Straw + urea 
NaoH3 straw + SBM~:-
NaoH3 straw t urea 

:Organic Matter Digestion 

ration straw I 
% % 

61 --?-~--" -·4g-> :. 
63 51 
69 60 
68 59 

·In vitro 
DMD2 

% 

<· 

46 

61 

1 Assumes 90% organic matter digestibility of supplement (30% of ration). 
2 In vitro dry matter disappea~ance of straw only. 
3straw was treated with 4% NaOH. 

GROWTH:TRIALS 

The same wheat straw rations were fed to lambs in a 56-day growth trial. 
Table 5 shows the results from that growth study. 
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Table.5 Performance cif Lambs Fed Wheat Straw (Hasinioglu et al., 19,69) 

R 
. 1 ation 

Straw + SBM 
Straw +· urea 
NaoH2 straw + SBM 
NaoH2 'straw + urea 

Daily gain, 
lh .• 

.08 
-.10' 

.35· 

.18 .. 

1Rations were 70% straw and 30% supplement. 
2straw was treated with 4% NaOH. 

·Daily feeci, 
lb. 

2 •. 0 
f'.'4. 
2.7 
2 •. 2 

' Fe.ed/ 
gain 

25.0 

'7 .6. 
12.4 

Lambs fed untreat.ed straw rations supplemented with soybean meal. gained rather 
poorly and those fed straw supplemented with urea lost weight. When the lambs 
were fed NaOH treated straw supplemented with soybean meal they gained ov:er 1/3 
lb/day. Lambs fed the treated straw supplemented with urea did not gain as rapidly 
as those supplemented :with SBM but the gains were greater than those on the control 
ration. Feed consumption was increased by the sodium hydroxide tr'eatment. and as 
would be expected, the amount of feed required per unit of gain was decr~ased con
siderably by t,he NaOH. treatment. This. trial indicated that reasonably good gains 
could _be obtained from .lambs fed NaOH treated materifil and that the NaOH 'tr'eatment 
tended to 'increase.digestion and.rate qf .digestion so as to improve urea utilization. 
It should be noted that most of the 1ow quality forages with which Y1e are dealing 
are very low in protein content (3-7%). The protein requirement for ·growing calves 
on these types of rations. i~ 10.-11%. _Cows may need only 8-9%. The cost of· . 
supplementation with natural protein such as soybean meal is quite an expense in 
itself. Thus ·one of d~e ~eys to making this type .of program work is being able 
to utilize maximum. amounts of supplemental NPN.. . . 

In another. trial (table 6) lamb's were fed treated and untreated wheat straw 
in combination with dehydrated" alfalfa. 

Table 6 Performance of Lambs .fed Wheat . Straw wi.th Dehy (Klopfenstein and Woods, 1970) 

Ration 

Dehy 
Dehy + 
Dehy + 
Dehy + 

........... 

1 corn 2 straw 
3 NaOH straw 

corn. 

straw. 

Daily gain 
lb. 

.38 
• 35 

.• 03 
.21 

·f~;·e<~-·.c:~~;~~D~}iy-feed, 
. .,'? lb. 

3.8 
2.5 . 
1.8 
2.8 

170% 
250% 
350% straw treated with 5% NaOH and dried. 
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Feed/ 
gain 

10 
. 7 .o 

13.3 
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The control rations were dehy alone and dehy + corn limited to provide gain 
approximately equal-to the dehy ration •. As can be seen little gain was obtained 
upon feeding a combination df dehy and untreated wheat straw. However, when the 
straw was treated with 5% NaOH and dried, the gain was increased substantially. 
Intake was also increased. However, the rate of gain and intake did not approach 
that of pelleted dehy. An important conclusion to be drawn from this trial is 
that although hydroxide treatment increased digestibility and utilization of the 
wheat straw, performance still may not have been great enough to be economical. 
Because of the bulky characteristics of many of the forages being considered for 
treatment, intake of these treated forages may be a problem. The straw in this 

·case was dried prior to feeding. There has_ been some indication that drying 
increases concentration of the NaOH and/or causes the reaction to go completion 
because of heat and therefore increases digestibility. The dry material in this 
case was not readily consumed by the lambs. Pelleting might have helped but would 
have obviously added cost to the material. 

Steers were fed control and 4% NaOH treated corn cobs in a growth study. 
Results of this trial are shown in table 7. 

Table 7 
1 Performance of Steers Fed Corn Cobs. (Koers, Woods and Klopfenstein, 1970) 

Item. 

No. steers 
Initial wt., lb •. 
Daily gain, lb. 
Daily feed, lb. 
Feed/gain 

1corn cobs comprised 80% of the rations. 

Control 

5 
451 

.66 
9.0 

14.3 

4% NaOH· 

15 
448 

1.61 
12.0 

7.5 

There are more animals represented in the treated group because three treatments are 
summarized together. The treatments were different supplemental levels of potassium 
which had no influence upon the performance of the cattle. As can be seen in the 
tab~e, tr~atment of corn cobs, which o:nade up 80% of the ration, increased average 
daily gain from .66 oo 1.61 lb. per day. Efficiency· of conversion was increased 
considerably. Increased intake is surely part of the explanation for this increased 
performance. This _ .. trial indicates that treated and ensiled corn cobs can be 
effectively fed to.growing cattle and that the rate and efficiency of gain is com
petitive with other growing rations such as corn silage. 

Not all of the trials have been as favorable as those that have involved corn 
cobs.(table.8); Corn stover was treated with 4% NaOH and ensiled in an, upright 
concrete stave silo, The control stover was also -ensiled in a similar type structure. 
In this case the NaOH- addition was niade by hand as the material ·passed into a blower 
and water was added at the same time. The material was not finely chopped and 
uniform mixing of the water NaOH and corn stover was probably not well achieved. 
In addition spoilage was a problem during the feeding period,. _In this case, daily 
gain was increased only from .66 lb. to .9 lb. However, corn stover made up only 
66% of the ration in this case. Feed consumption was not altered by sodium hydroxide 

I 
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Table 8 Performance of Steers Fed NaOH Treated Corn Stover (Koers et al., 1970) 

Item 

Daily gain, lb. 
Daily feed,l lb. 
Feed/gain. 

Control 

.66 
11.9 
19.1 

1 Contained 66% treated or untreated corn stover. 

4% NaOH 

.90 
11.9 
·13.2 

treatmerit. Again, corn stover may be a bulkier roughage and therefore, feed con
sumption may not be increased to the extent that it is on treatment 0£ corn cobs. 
Efficiency was increase4 in this trial but the rate and efficiency of gain on the 
treated stover may not be sufficient to be of practical importance. 

HIGH PRESSURE TREATMENT 

Another type of treatment which has been carried out at Nebraska is a high 
temperature pressure treatment. In this case forage is subjected to steam pressure 
from 100 to 400 PSI. Water is added to the material to insure that a moisture 
content of at least 60% is obtained at the completion of treatment. Table·9 shows 
the effect of treatment of corn cobs in a lhboratory scale digestor. 

Table 9 Laboratory Treatment of Cobs (Klopfenstein and Bolsen, 1971) 

PSI 

100 
150 
:200 
250 
300 
350 
400 
Untreated 

control 

62.4 
66. 5. 
68.4 
72.5 
73.6 
74.8 
73.0 

53.2 

In vitro DMD 

0.1% HCL 

70._7 
73.2 
is .3 

3% NaOH 

66.8 
70.3 
68.0 
68.9 
72.0· 
75.1 
69;0 

Pressures from 100 to 400 lb. were used and water alone and .1% .HCL or 3% NaOH were 
also·compared in the treatment mixture. In vitro digestibility of the .untreated 
control was approximately 53%. Treatment with water alone at 250 to 300 PSI 
increased in vitro DMD by approximately 20 percentage units. Addition of hydrochlo1 
acid did not appreciably increase.digestibility· but did lower·the pressure necessad 
for pptimWn digestibility. Sodium hydroxide addition had little effect on the 
response of the cobs to fuigh pressure treatment; 
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With this laboratory· information in mind, corn cobs were treated in large 
scale equipment at pressures of 250 and .400 PSI; and 200 and 250 PSI with sodium 
metabisulfite added to the reaction mixture. Sodium metabisulfite was used 
because previous work·had shoWn that certain inhibitors might be formed in the 
reaction. If these inhibitors are related to non-enzymatic browning, metabisulfite. 
may retard the formation of the inhibitors. As can bee seen in table 10, treatments 
at 250 PSI increased·digestibility of the cobs by more than 16 percentage units. 

Table 10 Effect of Pressure and Sodium Metabisulfite on Cob Treatment (Klopfenstein 
and Bolsen, 1971) 

Treatment In In Vitro DMD 
Pressure Vivo 
and Time DMD! Ration Cobs 

Control 58.3 58.3 54.5 
250 PSI, 50 sec. 66.0 66.5 70.9 
400 PSI, 20 sec. 2 

63.3 66.9 71.6 
200 PSI, 60 sec. 2 67.6 66.3 70.5 
250 PSI, 50 sec. 69.5 67.5 72. 9 

1 Cobs comprised.SO% of the ration. 
2

Two Kg of sodium metabisulfite added per 100 Kg of cob dry matter prior to treatment. 

Animal digestib:i,lity increased by approximately the expected amount. It should be 
noted that cobs comprised 50% of the ration in this case. Treatment at 400 PSI 
increased somewhat in vitro digestibility compared to treatment at 250 PSI. However, 
digestibility in the animal decreased compared to the treatment at 250 PSI. Sodium 
metabisulf:i,te addition to the cobs at the 2%.level increased digestibility both 
in vitro and in the lambs. This trial would indicate that maximum digestibility can 

. prqbably be obtained on treatment of cobs at approximately 250 PSI. Sodium meta
bisulfite may be of some advantage in increasing digestibility either by the effect 
of the metabisulfite on.delignification or by decreasing the amount of non-enzymatic 
browning •. 

SUMMARY 

The information presented here illustrates two approaches to enhancement of 
low quality forag~~· The first is a procedure that might be carried out on the farm or 
ranch which is the additioI). of sodium hydroxide to low quality roughages followed 
by ensiling. At the present time, this appears to have practical implications. 
At the present time, the mechanics of collecting these low quality roughages and 
addition of NaOH and water.would appear to be the biggest problems. 

The other procedure, which is the high pressure and temperature treatment of 
forages, would appear to have practical application primarily in an operation where 
materials can be collected and treated at a central location in a rather large and 
expensive operation. However, with treatment of large quantities the cost of 
treatment can probably be held within a practical range. 
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VARIABILITY -OF MINERAL CONTENTS OF FEEDSTUFFS AND. 
APPLICATIONS FOR COMPUTER FORMUIATION OF RATIONS 

R.D. Goodrich, J.C. Meiske and A. El Fattah El Serafy 
Department of Animal_Science 

Univ~rsity' of Minnesota, St. Paul 

"Samples of feed that are ~ollect~d from-several locations vary in nutrient 
analyses .because of -differences in nutrient contents among the samples and 
because of error variation. The variation that exists between samples 
largely explains.why mixtures (rations) that contain the same amounts and 

.kinds of ;feeds do not have identical analyses. If the variation among samples· 
is known, the accuracy of ration formulation can be improved. Also if a 
feed manufactufer analyzes each batch of feed that he uses, the precise
ness of ration formulation can be improved. The objectives of the study 
reporteq herein were: 

a) To obtain data on average mineral contents of corn, oats, barley, 
soybean meal, linseed meal and middlings. 

b) ·To.describe the variation that exists among samples of these feeds. 
c} To provide calculations that would be usefUJ. in ration formulation. 
d) To determine correlations among mineral concentrations in these 

feeds. 
e). To determine the accuracy by which mineral contents of these feeds 

can be predicted if ash or ash and phosphorus contents are known. 

EXPERIMENTAL PROCEDURE 

Samples of corn, oats, barley, soybean meal, linseed meal and middlings were 
collect~d throughout Minnesota by County Extension Agents or were provided 
by several feed companies iri the Twin Cities. An attempt was made to collect 
samples from a variety of sources so that a valid measure of the variation 
which occurs_ among samples could be obtained. 

The samples were dry-ashed and the resulting ash dissolved in a hydrochloric 
acid· solution with lithium as an internal ffid,_icat·o.r· a'.'nd.. analyzed using an 
emission spectrograph. Duplicate analyses were conducted on each sample. 

RESULTS AND DISCUSSION 

Mineral analyses of feeds 

Concentration~ of P, ·K, Ca, Fe, Mg, Zn, Cu, Mo, and Mn in the dry matter of 
corn and oats are presented in. table 1. Similar. values for barley and soy
bean meal are shown in table 2 and for linseed meal and middlings in tamle 3. 

For corn, 49 of the possible 146 determinations (73 samples analyzed in 
duplicate) for calcium were below the sensitivity of the emission spectrograph 
and were recorded as zero calcium contents. These zero values and 16 zero 
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values for copper arid 47 zero values for molybdenum are included in the 
data for corn.· ·of the· 144 determinations .. for each IrJ.ineral. in oats, one 
zero value was obtained for zinc, copper and molybdenum contents. These 
zero values are included in .the data for oats. 

. .. -~ . .. 
Mineral conceritrations·as reported by NAS-NRC (1964) are shown in table 4. 
Of the 43 values presented in table 4, 14 deviated considerably from values 
presented in tables 1, 2 and 3. Five of the deviant values occurred for 
middlings and three for barley. This is possibly a reflection of the small 
number of samples of these feeds that were .analyzed in the present study. 
NAS:..:NRc values were lower for zinc (in corri and barley); phosphorus (in 
oats and linseed meal), copper (in. oats and barley), manganese (in.barley 
and linseed.meal), potassium (in middlings)' and ~agnesiilm (in middlings) 
than the· values found in the present study. · NAS...:NRc values (table 4) were 
higher for copper (in soybean. meal and middlings)·, calcitim (in middlings) 
and ·manganese (in middlings) than v_-alues reported 1.n tables, l, .2.and· 3. 

Mineral concentrations ih the ash of' these. ·feeds were also caiculljl.ted. 
These calculations were made to determine if this method of·reporting 
mineral contents woUld result in less between sample variation. Between 
sample 'variances, and·.coefficients of variation, for'the amount of·a given 
mineral in the ash_were generally larger tpan between sample variances 
for the amount of a given mineral in the dry matter. Thus, this method 
of reporti.ng mineral contents of feeds ·does not offer ·promise as a method 
of reducing between sample variatiOn.. . . - . 

Variation among mineral concentrations. 

Sample (s;) and erro~ (S~) variance components and some standard deviations 
are reported in tables l (corn and oats), 2 (barley a.nd·soybean meal) and 
3 (linseed meal and middlings). 

. .· : .· . . ·, . . . ., . 11'· ", ,·,. ·. 

A standard deviation is. reported in these tables for use when . book or 
tabulated mineral ~nal~s a;r-e used .. This· standard devi~tion (ST) .. is 
calculated as: Vss + B; It descripes the possible deviation. 9f a given 
sample from the tabulated value. For example, if 0.36% phosphoi·us in the 
dry matter of corn is used to describe an .unanalyzed sample of corn, the 
pr,obability is o.68 that it :has a phosphorus .content 'between 0'.30 and o.42% 
(0.36 + 0.059). Also,. if 'it wer~de~f±r~-:a.::-t:~r;IUa.rantee a minimum' phosphorus 
content of an unanalyzed sample of. corn, -the odds of being correct would be 
improV.ed by guaranteeing that the sample had at least the textbook.mean 
minus one standard deviation, or 0.3r:f'/o phosphorus on a dry matter basis 
(this would result in a probabili:ty of 0.84 th~t the sa.rilple had this IrJ.UCh 
or more phosphorus). If it were suggested that the.unknown sample· contained 
at least the mean amount of phosphorus (0.36%), the probability is 0~50 
that this is correct, since half the time the SEU!.lple'would contain less 

'phosphorus and half the 'time.more than.the mean. 

Standard deviations (SN) are also reported in tables 1, 2 and 3. These 
apply when a given lot orlf!t of feed 1s analyzed. These standard devia
tions are calculated as: ~e : , where N equal~ the' n~~er. of ana;t.yt.~cal 

. N . 
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determin.at:i,.ons .. performed. :As more analyses are· conducted (N) the 'mean 
nutrient content is estimB:ted more accurately. Again using the phosphorus 
content of corn as an example, if a tabulated mean were used to describe 
a sample the standard deviation would be 0.059, but the standard deviation 
of a -sample analyzed in duplicate would- be 0.021. : 

'l'o be correct '343 ·of the t~e, ojo% phosphorus would be guaranteed when 
using a book yalue and 0.343 phosphorus when usihg the average of two 
analyses - (assuming that the analytical average of the sample was ·the same 
as_ the -"book" value)~ ~hy.st, a ,1considerabl~. ·reduction· in the amount of 

·- _ phosphorus (or any other., nutrient) that must be. added to a feed to obtain 
- a guarante.ed amount would be posSible if each bat.ch of feed were analyzed. 
Of course, analyses that are more accurate (reduced S~) -than the method · 
used here.would result in an even· greater reduction in the standard devia

- _tion. 
:· ... · 

Se.veral .of ::tlle -standard_ deviations reported in tables 1, 2 and 3 are larger 
than the 0means to which they apply.- This no doubt occurred because.of a 
nonnormal distribµtion of values. about .the mean. 

Variation in the nµtrient content of a combination of feeds 

The standard deviation of a combination of feeds-can be calculated as 
follows: 

Standa!d deviati<:m of- a ra_tion: if. .. -
"book" anal ses are used 

feed A_in - - feed A _+ 

s-· 
R 

• • • • + 
(

- fra.ctfon of')" .. Q-. ST f~rJ2 - -

• _ ration _ ; - - - _ -..... ' 

. . '. 

· Stari~ard de~iatio_n_ of~ ,ration if_ - _ = 
each .lot of feed is analyzed -

.A~-frach~n -of)- - -Q-_SN_ for~ -
= _ . feed A:-_in -_ f.eed A ___ -,-__ : ;+ 

- - - - ration - _ , 
- · .. ~.--. 

~ - ·""' ··-~ . . -

_, . 

( 

fraction·; 
of feed _ 

__ N in 
_ ration 

_ (fr~ction)2 . (SN fo9
2 

_of feed feed N 
- Nin-. 

. ·ration 

For example,. if .a ration composed of 407/o corn, -243 oats, 153- barley, 107/o -
soybean meal, 63 l~nseed meal and 53 middlings were mixed and tabulated 
average analyses were used, the standard deviation of the phosphorus 
content of _the mixi;ure would be_: 

8R .. = 

/~( .40 )2 (. 059 )2+(-.24 )2 ( .o67)2+C .15) 2 ( .089 )2+( .10)2 (.084 )2+(..06 )2 ( .089 )2+( .05 )2 ( .19 )2 

= 0.034. 
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If the same ration were to be formulated from feeds that had been analyzed 
in duplicate the standard deviation of the phosphoru's' c©ntent'. of. :the mixture 
would be: 

SR = . , .. ' 
,. ' -

~ ( .4o )2 ( .021)2+( .24 )2 ( .041)2+( .15 )2(. 046 )2+( .10 )2( .o48 )2+( .06 )2 ( ~047 )2°+( ~05 )2( .10 )2 
'. , ' ' ' ' ' ' ' ' ; ' .• " ' ", ' '! ' '" • ~ " • ' ' ' " •· " 

= 0.016~ · .. ; 

'' .. :, 

· Assuming that :the average phosph6rus analyses of these feeds were ·f.ound to 
be the same as the tabulated values, the calciilated average phosphorus. content 
of. both combinations of feeds would be 0.528% •. If·. it were-desired ·to . 
guarantee a phosphoru's content that would be correct 84% of the. time (the 
calculated mean minus one standard deviation), the ration based on tabljlated 
values would be listed as having o.49!f/o(o.528 minus 0.034) phosphorus while 
the ration based on analyzed feeds would be listed as having 0.512% (0.528 
minus O. 016) ·phosphorus. These calculations are based on error.yaiiances 
obtained using an einission.spectrogr'aph.· Methods· of analyses and labora:.. 
tory techniques that result ih smaller error variances would show even 
more value for conducting analyses on each lot of a feedstuff. Analytical 
determinations with. a large variation i;unong duplicate:s should be dupl:i,.cated, 
several times so that the error variance is reduced. · 

/' ~: . 

Correlations among mineral contents of several feeds 

Correlations among mineral concentrations in:the dry matter of' all feeds 
~tudied (table 5) were generally positive and manY'were -~tatistically . 
significant. Phosphorus concentrations appeared to be the most highly 
correlated,_to other mineral concentrations. Since ·the· chemical deter
mination of phosphorus is relatively simple and rapid, it may be a useful 
mineral in predicting other mineral concentrations in some cereal grains 
and cereal grain byproducts. 

Prediction of mineral concentrations in the d.ry matter of the feeds studied 
based on percent ash or percent ash and percent phosphorus 

.. 
Equations are presented that pr'edict ·mineral concentrations in corn (tables 
6 and 7), oats ·(tables 8 and 9), lJ,.a.I'.lE:lY:_.(t.~b:l.~s;.io and 11), soybean me~ 
('tables 12 and 13), linseed meal -·(table·s J.:4~-;an:d:-·15) and middlings (tables 
16 and 17). A standard error of estimate is given for each equation. 
This value is the standard deviation of observed mineral concentrations 
about the regression line. For example, when only percent ash was used 
to predict the potassium content of_ corn the standard error was 0.040 
(table 6). Thus, 68% of the.observed values fell within one standard 
error of the value predicted'by the regression equation. 

stated in another manner, if the mean percent ash is used l:n the prediction 
equation, the mean percent potassium is predicted as being 0.39 + 0.04 
(68% of the time the mean potassium percentage should be between-0.~5 and 
0. 4 3). When both percent ash and percent . phosphorus were used to predic:t 
the potassium content of corn (table 7) the stf;l,ndard error of estimate 

-40- ' -

.; 



-.· ~ .... - _..;._·~ 

was reduced to 0.0032. Thus, 68% of the obserV"ed values fell within 
~ 0.0032 of predicted values. 

Since phosphorus content.s are easy to determine, and phosphorus contents 
are highly correlated to other mineral contents, it appears that prediction 
of mineral contents should be based on percent ash and percent phosphorus. 
Combs (1970) presented data that showed high correlations between the ash 
content and calcium.and phosphorus contents of four fish meals. These high 
relationships are possibly due to the high percentage of calcium and phos
phorus in the ash of fish meal. Since these are part-whole correlations, 
a high positive relationship is expected. Correlations between calcium 
and phosphorus contents and ash contents of the feeds ::tudied herein were 
lower than those reported by Combs (1970), possibly because the ash content 
of cereal feeds is not a·s constant in its composition as in fish meals. 

SUMMARY 

Samples of corn, oats, barley, soybean meal, linseed meal and middlings 
were analyzed for P, K, Ca, Fe, Mg, Zn, Cu, Mo and Mn concentrations in 
the dry matter and ash. Variances and standard deviations of mineral 
concentrations and suggestions for their use' in ration formulation were 
presented. Increased accuracy in ration formulation is possible when 
each lot of feed is analyzed. Regression equations were presented for 
estimating specific mineral concentrations based on percent ash or percent 
ash and percent· phosphorus. Equations involving both ash and phsophorus 
values were more accurate than ash alone in predicting mineral contents. 
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Table 1. Concentrations, Variances an~ Standard Deviations _of Nine Minerals in C_orn and Oats Drl. Matter 
·Item p K Ca 

Corn 

Averagea 
si (c) 
s~ (d) 
Sr (e) 
SN=l (f) 
SN=2 
SN=3 
SN=4 

Oats 

Averageb 
s~ (c) 
s~ (d) 
Sr (e) 
SN=l (f) 
SN=2 
SN=3 
SN=4 

0.36% 
0.00264 
0.00086 
0.059 
0;029 
0.021 
0.017 
0.014 

0.46% 
0.00108 
0.00338 
0.067 
0.058 
0.041 
0.033 
0.029 

0.39% 
0.00196 
0.00106 
0.055 
0.033 
0.023 
0.019 
0.016 

, I 

0.005% 
0.000012 
0.000004 
0.004 
0.002 
0.001 
0.001 
0.001 

··~· . . .. 
''· .... 

.~ ~. 
''). 

0 . 4 7 % 0;~ 0 8 % 
0. 00117 '~ ;d~: 000148 

'~. ·J.' 

0. 00483 "b/£000215 
•jo;f o. on . o .. ;•019 
'' f 0.069 0.015 

0.049 O'.on 
0.040 0.009 
0.034 0.008 

Fe 

96.4 ppm 
470 
144 

24.8 
12.0 
8.5 
6.9 
6.0 

'79. 7 ppm 
382 
760 
34 
28 
20 
16 
14 

Mg 

0.134%. 
0.000355 
0.000104 
0.021 
0.010 
0.007 
0.006 
0.005 

0.148% 
0.000119 
0.000239 
0.019 
0.015 
0.0ll 
0.0Q9 
0.007 

Zn 

23.9 ppm 
18.02 
3.27 
4.6 
1.8 
l. 3 
1.0. 
0.9 

41. 4 ppm 
23.6 
87.8 
10.6 
9.4 
6.6 
5.4 
4.7 

Average mineral concentrations in the dry matter of 73 corn samples. 
·Average mineral concentrations in the dry matter of 72 oat samples. 
s2 = Sample variance 

Cu 

3.22 ppm 
2.35 

31.6 
5.8 
5.6 
4~0 

3.2 
2.8 

33.1 ppm 
90.4 
82.2 
13.1 
9.1 
6.4 
5.2 
4.5 

Mo 

l. 57 ppm 
0.724 
0.993 
L31 
l.OO 
o. 70. 
0.58 
0.50 

3.67 ppm 
0.64 
2.03 
l. 6 
T.4 
1.0 
0.82 

-o. 71 

Mn 

6.25 ppm 
2.556}· 
0.451 
l. 73 
0.67 
0.48 
0.39 
0.34 

46.5 ppm 
38.7 
76.7 
10. 7 
8.8 
6.2 
5.1 
4.4 

a 
b 

(c) 
(d) 
(e) 
(f) 

sl = Error variance. Includes variation due to exp•rimental errors, 
Sr = Standard deviation to be used when tabul~ted values are u~ed iri 

. SN = Standard deviation of the mean for a single lot of feed,,~ 
determinations. . v-;-

analytical errors and subsam~ling. 
ration formulation, '(s~ + Se 
where N equals the number of analytical 
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Table 2. Concentrations, Variances and Standard Deviations ()_f B.i!!.~.-~in_erals in Barley and Soybean Meal Dry Matter 

Item p K Ca Fe Mg Zn Cu Mo Mn 

Barley · 

Average a 0;48% ·o.57%' 0.07% 108 ppm o.i6% 44.8 ppm 33.4 ppm 4.1 ppm 31.4 ppm 
s~ (c) 0.00380 ·0.0106 0.00035 1324 ·0.000235 68.6 47.7 1.46 102 
s~ ·(d) d.0042i 0.0171 0.00013 556 0.000283 45.9 60.7 2.34 187 
ST (e) 0.089 0.17 0.022 43· 0.023 10.7 10.4 1.95 17.0 
SN=l (f) 0.065 0.131 0.011 24 0.017 6.8 7.8 1.53 13.7 
SN=·z 0.046 0.093 0~008 i7 0.012 4.8 5.5 1.08· 9.7 
SN=j 0.038 0.076 0.006- 14 0.010 3.9 4.5 0.88 7.9 
SN=4 0.032 0.066 0.006 i2 0.009 3.4 3.9 0.76 6.8 

Soybean Meal· 
:·, 

A~erageb 0.81% 2.49% 0.33% 175 ppm 0.358% 62.9 ppm 22.1 ppm 9.95 ppm 38.2 ppm 
· Ss · (c) 0.00245 0,0293· 0.0060 107.4 0.00025 9.2 3.88 0.568 4.8 
s~ (d) 0.00468 . 0',0401 -;~- 0.0012 484 0.00072 24.8 4.94 0.995 11. 7 ' ~ 

ST (e) 0.084 '0 . .26' 
., 

0.085 40 0.031 5.8 3.0 1.25 4.1 
SN=l (f) 0.068 0.20 

. ,, 
0.035 22 0.027 5.0 2.2 1.00 3.4 :~I 

SN=2 0.048 0,14 .. · ... 0.025 16 0.'019 3.5 1.6 o. 70 . ·2.4 
SN=3 0,039 0.11· \\' J ~ 0.020 13 0.016 2.9 1.3 0.58 2.0 
s =4 0.034 0,10 ' 1 0.018 11 0.014 2.5 1.1 0.50 1. 7 n ·'' 

~ 

'.I 

a 
b 

(c) 
(d) 
(e) 
(f) 

Average mineral concentrations in the dry matter of 25 barley samples. 
A2erage mineral concentrations in the dry matter of 90 soybean meal. samples. 
S~ = Sample variance 
Se = Error variance, Includes variation due to experimental errors, analytical errors and ~µbsa~12..ling. 
ST = Standard deviation to be used when tabulated values are used in ration formulation, "V"ss + Se• 
SN= Standard devi.ation of the mean for a single lot of feed,,rsr- , where N equals the number of analytical 

determinations. _ ~ . 
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Table 3. Concentrations~ Variances and Standard Deviations of Nine Minerals in Linseed Meal and Middling Dry Matter 

Item p K Ca Fe Mg Zn Cu Mo Mn 

Linseed Meal 

' Averagea 1.11% 1.41% .0~41% 254· ppm 0.653% 85.4 ppm 29.6 ppm 10.3 pprri 56.4 ppm s~ (c) 0.0034 0.0059 0.00036 2399 ' 0 .00048 11.0 4.13 0.190 6. 7 
s~ (d) 0.0045 0.011 0.00068 826 0.00113 19.1 6.25 0.366 12.7 
ST (e) o.oe9 0.130 0.032 57 0.040 5.5 3.2 0.74 ·-· ~.4 SN=l (f) 0.061 0.105 0.026 29 0.034 4.4 2.5 0.60 3.6 SN=2 0.047 0.074 0.018 20 0.024 3.1 1.8 0.43 2.5 s =3 0.039 0.061 0.015 17 0.020 2.5 1.4 0.35 2.0 SN-4 0.034 0.052 0.013 14 0.017 2.2 1.2 0.30 1.8 N-

Middlings 

Averageb 1.08% 1.49% 
. ·~}· 

0.09% 130 ppm 0.5.2% 86 14 · ppm 8.5 ppm 113 '· ppm ppm _,. 

s~ (c) 0.0148 0 .00303 ' } 0.00016 218 0.00090 175.5 2.55 0.06 554 Se (d) 0.0209 0.0561 ' •·. 0.00014 276 \llo:, 0.00449 96.1 4.21 1.51 217 
ST (e) 0.19 0.24 ,Lf 0.018 22 0.073 16.5 2.6 1.25 28 '·f ;f -~ 
SN=l (f) 0.14 0.24 ~~ :·~· 0.012 17 0.067 9.8 2.0 1.23 15 
SN=2 0.10 0.17 :;t:~\ 0.008 12 0.047 6.9 1.4 0.87 10 s =3 0.08 0.14 0.007 10 0.039 5.7 1.2 o. 71 8 N 
s =4 0.07 0.12 0.006 8 0.034 4.9 1.0 0.62 7 N, 

a 

b 

(c) 
(d) 
(e) 
(f) 

Average mineral concentrations in the dry matter of 100 linseed meal samples. 
Average mineral concentrations in the dry matter of 10 middling samples 
S~ = Sample variance 
Se = Error variance. Includes .variation due to experimental errors, 
ST = Standard deviation to be used when tabulated values are used in 
SN = Standard deviation of the mean for a single lot of feed~,e 

determinations. ~~ 

N . 

analytical errors and subsampling. 
ration formulatiqn,-Vs~ + S~ 
, where N equals the number of analytical 

·I 
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Table 4. Average Mineral Contents As Reported 

Mineral I Corn Oats Barley 

P, % 0.31 0.39 0.47 
K, % Q.38 0.42 0.63 
Ca,% 0.03 0.11 0.09 
Fe~% o.01b 0.01 
Mg,% 0.17 0.19 0.14 
Zn, ppm 12.1 17.2 
Cu; ppm 4.0 6.6 8.6 
Mo; ppm 
Mn, ppm 4.8 42.9 18.3 

a Dry matter basis 
b 0.01% Fe is equal to 100 ppm Fe c 0.03% Fe is equal to 300 ppm ·Fe 

· .... ·., 

by NAS-NRC (1964)a 
·soybean 

meal 

' o. 75 
2.21 
0.36 
0.01 
0.30 

40.8 

30.9 

Linseed 
meal 

0.91 
1.52 
0.44 
0.03c 
0.66 

28.2 

41.3 

Middlings 

1.01 
1.08 
0.16 
0.01 
0.41 

24.4 

·131. 5 

.1 
! 
I I 

I' 

) I 
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Table 6. Relationships Among Percent Ash (X) .and Mineral Concentrations in the. 
Dry Matter (Y) of Corna 

~·106b 
Regression Standai;d error. 

Mineral (Y) r r2 equationC of ~stimate 

p 0.69 48 %P = 0.193 + 0.113X 0.040 
K 0 .61. 37 %K = 0.254 + 0.090X 0.040 
Ca 0 .4.6. . 21 %Ca = 0.005 .0026X 0.003 
Fe -.01 0 
Mg 0.62' 38 %Mg 0.080 + 0.037X · 0~016 
Zn 0.56. 32 ·. ppmZn = 13.1. + 7.35X 3~69 
Cu 0.28 8 ppm Cu = 3.49X - l.88 4.12 
Mo '0.24. 6 ppmMo = 0.446 + 0.767X l.08 
Mn Q.61 . 37 ppmMn = l.90 + 2.98X l.34 

a Ash content.of the dry matter averaged l.46%. 
b ·percentage of. the variation in mineral concentration accounted for by 

variation in percent ash.·. 
c Reg:i:es~ion equations presented only when the regres·sion accounted ·for a 

significant (P < .05) amount of variation. 

Table 7. Relationships Among Percent Ash (XA) and Percent .Phosphorus (Xp) and 
Mineral Concentrations in the Dry Matter (Y} of Corna 

Mineral (Y) .R 

K 0.84. 70 %K = 
Ca 0.47 22 %Ca, = 
Fe 0.10 .. ·.1 
Mg ·. 0 ;Sf~:- 80 .. %Mg = 
Zn -0.63 39' ppmZn = 
Cu 0.23 5 . ppmCu· = 
Mo o.n 5 ppmMo = 
Mn .. o. 75. 56 ppmMn = 

Regression 
equationc 

o .• 115 t,_o .g_oao_~!x"! o. 725Xp 
o .oo33xA-+ o-,or P -- .0055 

Standard error 
of estimate 

0.027 
0.0032 

0.017 + 0.00016XA + 0.32Xp· 0 .0091-
6.65 + 3.56XA + 33.59Xp 3.46 
3.52XA - .289Xp - l.83 .4 .15 
0.285XA + 4.27Xp - .377 l.08 
0.825XA + 19.07Xp - 1.77 l.10 

a Ash and phosphorus contents averaged l.46 and 0.36%, respectively. 
b Percentage of the variation in mineral concentration accounted for by 

variation in percent ash and percent phosphorus. Rand R2 are adjusted 
for degrees of fre~~om. · .· 

c Regression equation. presented only when the regression accounted for a · 
significant (P ~ .05) amount of variation. 
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Table 8. Relationships Among Percent Ash (X) and Mineral Concentrations in the 
Dry Matt'er: (Y) of Oats a'., · . 

. ~" . . .. 

Mineral (Y). r r2 x 1Q()b 
Regression 
equatfonC 

Standard error 
of estimate 

a 
b' 

c 

p - .10 1 
K 0.10 1 
Ca 0.14 2· 
Fe 0.12 .. 1 
Mg - .13 2 
Zn 0.07 1 
Cu 0.38 15 .ppmCu 14.4X 27 .2. ' 10. 7: . 
Mo 

' 
.20 t+ 

Mn - .16 2 

Ash content of the dry matter averaged 4.19%. 
Percentage of the variation in mineral con~entration ac~oun.ted for by. 
variati~n ·in .percent ash. . '"'. 
Regression equations presented only when the regrei;sion accounted .. for •.a·:; 
-significant (P < .05)· amount of .variation. .., 

Table 9. Relationships Among Percent Ash (XA) and Percent Phosphorus (Xp) and 
Miqera~ Concentrations in the Dry Matter (Y) of Oatsa 

. ·,r·. 

Mineral (Y) 
R~gre~sion 

equationC 
Standard error 
of estimate 

a 
b 

c 

-·.:. > ~. .. 

K. 0.62 ... 
Ca 0.36 
Fe 0~25 
Mg·· 0 .84. 
Zn o.!:26 
Cu 0 ,40. 
Mo 0.35 
Mn- 0.48 

"' .. ' 

39. 
13 

6 
70· 

7 
16 
12 
23 
' 

· ... --

%K = 0, 0034. + .. 0. 032XA + .0. 72S:Xp 
%Ca = 0, Q092XA ±~ 0 ,~Jl~J{p - • 0066 

· . ppmFe = 1J(J5x;{"·f' '14.6:f·bxp~ ;...---4 2. 82 · 
%Mg· = 0, 045 ~ • 00·24XA + 0. 248Xp 

ppmZn = 7~85 + 2.80XA + 47.B~Xp 
PPII!CU ;:. 15 ~.13XA t 41~80Xp .,.... 49 ~ 33 
ppmMo = 3. op -. ~ 710XA .t 7 '98Xp 

.. 'pprilMn = 22. 69. - 3 ~ 09XA, .+ 80, 54Xp 

·. '. .. . -. "'-' ... 

0.047 
0.015 

26.7 
0.0085 
7 .92. 

10.5 
1 .. 21 
1~n 

Ash and phosphorus contents averaged 4 .19 and 0,46%, -respectively •. 
Percentage of the .variation in m:i.neral concentra_tion accounted for by 
variation in percent ash and percent phosphorus·. ·R. and R2 are adjusted 
for degrees of:freedom, '· .. · . · ... 
Regression equation pre.sented oniy when' the regressiOn accounted for· a 
signif;f.cant tP L_ .05) a,moun~ ,of va.riation. · 

. " .. 
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Table 10. Relationships Among Percent Ash (X) and Mineral Concentrations in the 
Dry Matter (Y) of Barleya 

r 2 x ioob 
Regression Standard error 

Mineral (Y) r equationc of estimate 

a 

b 

c 

p 0.08 1 
K 0.07 1. 
Ca 0.78 61 %Ca 0.024X - .0046 0.013 
Fe 0.44 19 ppmFe = 23.3 + 26.3X 36.8 
Mg 0.38 14 
Zn 0.14 2 
Cu 0.21 4 
Mo - .02 0 
Mn 0.59 34 ppmMn 12.5X - 8.69. 11. 7 

Ash content of the dry matter averaged 3.21%. 
Percentage of the variatiqn in mineral· concentration accounted for by 
variation in percent ash. 
Regression equations presented only when the ~egression accounted for a 
significant (p < .05)· amount of variation. 

Table 11. Relationships Among Percent Ash (XA) and Perc·ent Phosphorus .CXp) and 
Mineral Concentrations ·in the Dry Matter (Y) of Barleya. 

Regression Standard e:rror 
Mineral (Y) R R2 x lOOb e:quationC of e.stimate 

K 0.69 48 %K = 0.0034XA + l.29Xp - .059 0.100 
Ca· 0.76 57 %Ca = 0;024XA ..,.. .0085Xp - .00076 0.013 
Fe 0.37 13 ppmFe 25. 7~* ,.+-.64 .60Xp·-. 5. 72 37.2 
Mg b.76 . 58 %Mg 0.043·~·o.009lfXA + 0.174Xp 0.013 
Zn 0.52 

-- .- -...... 
·.· '27 ppmZn = 7.13 + l.37XA + 69.53Xp 8.17 

Cu .. 0.09 1 
Mo 0.00 0 
Mn 0.53 28 ppmMn = 12.47XA + l.48X:E> - 9.36 12.0 

a Ash and phosphorus contents averaged 3.21 and 0.48%, respectively .. 
b Percentage of· the·. varia.tion in mineral concentration accounted for by 

variation in. percent ash and percent phosphorus.· Rand R2 are adjusted 
for degrees of freedo~.· · · · · · · 

c Regression equation presented only when the regression accounted for a 
significant (P <:. ;OS) amount of vad.ation. 
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Table 12. Relationships Among Perce.ht Ash (X) ·and Mfoe+al Co~cenfradons ;·in· the · 
Dry Matter. (Y) of Soybean Meal a " 

Mineral (Y) r r2 x'' 10ob 

-"··. Regression 
. "c equation 

Standard error 
of estimate 

a 
b 

c 

p 0.06 0 
K 0.10 1 
Ca .09 1 
Fe .17 3 
Mg - .03 0 
Zn .07 1 .~ 

Cu 0.09 1 
Mo - .04 0 
Mn 0.07 1 

Ash content of the dry matter· averaged 6.i4%~ 
Percentage 'of the vaiation in mineral concentration acc<;mnted. for by 
variation in percent ash.. . 
Regression equations presented only wh.en the regression accounted "for a. 
significant (P < .OS) amount of variation. 

Table 13. Relationship~ Among Perc.ent, Ash.\ (XA) and Percent. ~hosphorus (Xp) 
·and Mineral Concentrations in the Dry Matter (Y) of Soybean Meal a 

' 
Regression Standard error 

Mineral (Y) R R2 x lo ob equationc o'f estimate 

a 
b 

c 

·' K 0.57 33 .-%K 0.83 + 0.024XA + l.86Xp 0.182 
Ca 0.10 1 ~~ ., . ;F-; ~"!";~~-..... ': ~;\::~-~~:-~ . .. 
Fe 0.33 ll ppmFe .~··108:6----.:J,:J;;·o1xA + 165.9Xp 34.2 
Mg 0.57 32 %Mg = 0.. 405 .- · 0. 0024X,A + 0. 206Xp 0.020 .- ~ 

s5 ppmZn Zn 0.74 = 27.14 - .831XA + 50.34Xp 3.10 
Cu 0.74 54 ppm Cu = _0.193XA + 26.96Xp - 1.020 1. 70 
Mo 0.42 18 pp~o = -~. 20 - .lOSXA + 6.64Xp 0.94 
Mn o. 77 59 ppmMn = 7.60 + 0.125XA + 36.57Xp 2.08 

Ash and phosphorus . contents averaged 6. 24 .aU:d 0. Si%, respectively. 
Percentage.of the. vari~tion in mineral co~cent+~tipn accci~nted fo~ by ~· 
variation in percent ash and percent phosphorus. Rand R a~e adjusted 
for degrees of freedom. 
Regression equation prese~t~;{ only when the re,gressicin ~dcounted for. a 
significant (P < .05) amount of variation. 
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Table 14. Relationships Among Percent Ash (X) and Mineral Concentrations in the . a 
Dry Matter (Y) .,of Liriseed Meal 

Regre~sion Standard error 
Mineral Ci) r r2 xloob equationc of estimate 

a 
b 

c 

p - .38 15 %P = 1.48 - .058X 0.069 
K - .24 6 %K 1. 74 .051X 0.104 
Ca 0.01 0 
Fe 0.18 3 
Mg - .19 4 
Zn - .33 11 ppmZn 105 - 3.05X 4.30 
Cu - .22 5 ppmCu 37.3 - l.19X 2.64 
Mo 0.19 4 ppmMo = 8. 77 + 0.24X 0.602 
Mn - .04 0 

Ash content of the dry matter averaged 6. 46% .. 
Percentage of the variation in mineral concentration accounted for by 
variation in percent ash. 
Regression equations presented only when the regression accounted for_-a · 
significant (P < .05) amount ·of variation. 

Table.15. R:lationships Among Pe:c.ent Ash (XA) and Percent.Phosphorus (Xp) and 
Mineral Concentratiqn in the Dry M"atter (Y) of Linseed Meala 

Regression Standard error 
Mineral (Y) 'R R2 x lo ob e:quationC of estimate 

K 0.75 56 %K 0.098 + 0.013XA + l.llXp 0.071 
Ca 0.63 40 %Ca 0 .0~3, + Q. 915,XA + 0. 245Xp 0.021 
Fe '0.31 10 ppmFe 32.33X:;\_+'219,.1Xp -" 19.8. 7 50.4 
Mg 0. 77 59 %Mg = 0.212 + 0.0080XA + 0.351Xp 0.021 
Zn o;:·a-9 '79 ·ppmZn 24.91, + 0:081xt + 54.03Xp 2.09 
Cu 0.79 62 ppmCu 0.522XA + 29.6 Xp - 6. 75 1.66 
Mo 0.55 30 .PPmMo = 1.86 + 0.509XA + 4.66Xp 0. 51' 
Mn 0.73 54 ppmMn 1.11 + l.94XA + 38.47Xp 2.46 

a Ash and phosphorus contents averaged 6.46 and 1.11%, respectively. 
b Percentage of the variation in mineral concentration acco·unted for by 

variation in p~rcent ash and percent phosphorus. Rand R2.are adjusted 
for degrees of freedom. · · ·· 

c Regression equation presented only when the regression ac·counted for a 
significant (P <. ~d.5) amoun.t of variation. 
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Table 16. Relationships Among Percent Asli. (X) and Mineral Concentrations in the 
Dry Matte~ (Y) of Middlingsa 

Regression Standard. error 
Mineral (Y) r r2 x 10ob equationc of estimate 

p - .60 36 
K .75 56 %K 3 .14 - .337X 0.12 
Ca - .31 10 
Fe - .60 36 
Mg .63 40 %Mg -· 0.96 °"."' .091X 0.046 
Zn - .60 36 
Cu - .62 38 
Mo .70 49 ppmMo 16.4 - l.62X 0.68 
Mn - .40 16 

a Ash conterit of the ·dry matter averaged 4.88%. · 
b Percentage of the variation in mineral concentration accounted for by 

variation in percent ash. 
c Regression equations presented only when the regression accounted for a 

significant (P <'.. .05) amount of variation. 

Table 17. Relationships 'Among Percent Ash (XAL and Percent Phosphorus (Xp) and 
Mineral Concentrations iri the Dry Matter (i) of Middlirigsa 

Mineral (Y) R 
Regression 

. c equation 
Standard· error 
of estimate 

a 
b 

c 

K 
Ca 
Fe 
Mg 
Zn 
Cu 
Mo 
Mn 

0.79 
0.68 
0.84 
0.82 
0.97 
0.90 
0.75 
0.85 

63 
47 

·71 
67 
95. 
81 
56 
73 

%K 
%Ca 

·ppmFe 
%Mg 

ppmZn 
ppmCu 
ppmMo 
ppmMn 

1.91 - .206XA + 0.541Xp 
0.0082XA + 0.0837Xp - .042 
5A.5 - .5.66XA + 95.9Xp 

= 0.37 - .028XA·+ 0.258Xp 
91.0Xp - ,.9.3XA - 7. 71 • 
4.17 - .555~A .+ ll.69Xp 
9.86 - .919XA + 2.87Xp 
12.88XA + 160.6Xp - 122.8 

: . . . . 

0.107 
O.Oll 

10.1' 
0.032 
3.40 
0.94 
0.60 

13.5 

Ash and phosphorus contents averaged 4.88 and 1.08%, respectively. 
Percentage .. of the variation in mineral concentration accounted for by 
variation in percent ash and perce.nt phosphorus. R and R2 are adjusted 
for degrees of freedom. 
Regression equation presente·d· only wh.en ,,the, .regress'ion accounted for a 
significant (P ..(.. .05) amount of variation. · · 
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BIOLOGICAL -AVAILABILITY OF AMINO ACIOS 1 

R. J. Meade, Professor 
Department of Animal Science 

. .University of Minnesota 
St. Paul, Minnesota 

Although the Biological Value Method ·(Mitchell, ·1924) provides a 
means .of assessing the nutritive value of a protein, it does not identify 
the limiting amino acid or determine the extent to which individual amino 
acids are available to the animal. The Chemical Score (Block and Mitchell, 
1947) and the .Essential .Amino Index (Oser, 1951) provide means of ranking 
proteins on the basis of their amino acid composition, but neither con
siders availability of the individual amino acids or requirements of the 
animal. The Requirement Index (Rama Rao, Norton and Johnson, 1964) 
relates amino acid content of the protein to the amino ac~d requirements 
of the rat, .but it does not consider amino acid availability. It is 
obvious that knowledge. of availability of the amino acids to the animal 
is essential if requirements based on use of intact proteins are to be 
meaningful and if diets are to be formulated to support maximum per
formance of animals. 

Methods of Determination of .Amino Acid Availability. 

As is apparent from the tabulation in table 1, several methods of 
determining amino acid availability are _available today. In an early 
study, Riesen et al. (1947) determined liberation.of amino acids from 
raw, properly heated and overheated soybean meal by acid, alkaline .and 
enzymatic hydrolysis. Smaller .quantities of amino acids were released 
by enzymatic hydrolysis (pancreatin) of the raw and overheated meals 
compared with properly heated meal. The authors pointed out that amounts 
of amino acids liberated by acid hydrolysis were not indicative of the 
release of amino .acids by enzymatic digestion, or of their availability 
to the animal. 

Enzymatic hydrolysis of proteins prior.to determination of amino 
acids .in the enzymatic digest by microbiological procedures has been 
used by several groups. It appears that some standardization of pro
cedures, e.g., the proteolytic enzyme of choice, concentration of the enzyme 
temperature during hydrolysis and duration of hydrolysis, is necessary if 
this procedure is to provide meaningful quantitative values for amino a·cid 
availability. Perhaps free amino acids in the enzymatic digests can be 
determined by ion-exchange chromatography following precipitation of proteins 
and subsequent acid hydrolysis of the filtrate containing the liberated 
amino acids. Use of protozoa, e.g., Tetrahy!nena pyriformis ~'would 
appear to have the advantage that enzymatic hydrolysis of the protein 
would not be necessary. 

The fecal-index method as developed by Kuiken and Lyman (1948) repre
sents an attempt to account for disappearance of amino acids as well as to 
correct for those amino acids of metabolic origin in the feces. .The method 

1 
Paper No. 1420; Miscellaneous Journal Series, Agricultural Experiment 
Station, University of Minnesota. 
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TABLE 1. METHODS OF DETERMINING AMINO.ACID AVAILABILITY 

Authors 

RiesenJ Clandinin, 
Elvehjem and 
·cravens 

Ford 

Wate:rWorth 

stott and Smith 

Kuiken and Lymari 

de Muelenaere and 
Feldman 

Bragg, Ivy and 
Stephenson 

Year· 

1964 

1964 

1948 

1958 

Method 

Enzymatic
microbiological 

Enzymatic
microbiological 

Enzymatic
miCrobiological 

Microbiological 

Fecal-index 

Fecal-index 

Fecal-index 

-54-

Comments 

Microbiologically deter
mined amino acids releas.ed 
by acid; alkaline and enzymatic 
(pancreatin) digestion of raw, 
properly heated and overheated 
soybean meal. 

Utilized Streptococcus 
zyniogenes to determine 
availability of methionine, 
isoleucine, arginine, valine, 
histidine and tryptophan 
from papain digests of 
several protein feedstuffs. 

Utilized S. zymogenes to 
determine-availability of 
arginine, histidine, iso
leucine, leucire ., methionine 
and valine from enzymati~ · 
digests of whale-meat meals, 
fish meals and several 
additional protein feeds. 

Utilized Tetrahymena 
pyrif ormis ~ to determine 
availability of lysine, 
methionine, arginine and 
histidine from protein 
feeds. 

Corrected for amino acids 
of metabolic origin in 
determining availability of 
amino acids from several 
feeds, primarily cottonseed 
meal. 

Utilized procedure to deter
mine availability of lysine, 
isoleucine, methionine and 
threonine from three corn . 
samples grown under different 
fertilizer treatments. 

Adapted method to chicks 
using both surgically.modified 
and normal chicks. Suggested 
normal chicks more suitable than 
modified chicks in use of method. 
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TABLE 1. CONT'D. 

Authors 

Ousterhout, Grau 
and Lundholm 

Smith and Scott 

Smith 

Gupta and Elvehjem 
Gupta, Dakrcitl.ry, 

Harper and 
Elvehjem· 

Deshpande, Harper, 
Collins and 
Elvehjem 

Calhoun, Hepburn 
and Bradley 

Longenecker and 
Hause 

Year Met.hod 

1959 Growth ~ssay 

1965a Growth assay 
l965b 

1957 

1958 

1957 

. 1960 

1959 

Growth assay 

Growth assay 

Growth assay 

Plasma free 

'."'55-

Comments 

Utilized growth assey with 
chicks to determine avail
ability of amino acids from 
fish meal and other.proteins. 
Indicated method was· not 
suitable for determination 
of available glycine, 
isoleucine and valine. 

Utilized chicks to demon
strate effect of excessive 
heat on availability of· 
lysine and threonine from 
fish meal; also reported 
effects of imbalanced 
reference diet in yielding 
fictitious values for amino 
acid availability. 

Utilized chicks to determine 
availability of amino acids 
from feather, fish and soy-
bean meals. 

Utilized growth assay with 
rats to determine availability 
of tryptophan, lysine and 
isoleuc ine' respectively •. 

Utilized with rat to determine 
availability of lysine from 
wheat, flour, bread.and gluten, 
and developed alternative 
methods of evaluating avail
ability. Reported that carcass 
N gained vs. available lysine 
consumed was the best response 
criterion. 

Reported that concentrations 
of free amino acids in the 
plasma reflected composition 
of the test protein; did not 
imply a measure of availability. 



TABLE 1. CONT'D. 

Authors 

Guggenheim, . · 
Halevy 'and 
Friedman 

Goldberg and 
_Guggenheim 

snlith and Scott 

.. 

. Year 

1960 

Stockland and 1970 
Meade; _Stockland, 
Meade and Nordstrom 

Windels, .Meade, 1971 
Nordstrom and 
Stockland 

Carpenter 1960 

Method 

Plasma free 
amino acids 

Plasma free 
amino acids 

Plasma free 
amino acids 

Plasma free 
amino acids 

Plasma free 
amino acids 

Chemical 

-56-

.Comments 

Attempted to use concentrations 
of free lysine and methionine 
in plasma from portal vein to 
predict biological availability 
of the most limiting amino acid. 

Studied digestive release of 
a.rnirio acids relative to concen
trations in plasma from the 
portal vein. 

Demonstrated that concentrations 
of lysine and threonine in plasma 
were depressed· following feeding 
of overheated fish meal; concen
trations of plasma free amino acid 
were depressed following feeding 
of overheated soybean meal. Con
centrations of free amino acids 
in plasma could be used to demon
strate qualitative differences 
in availability of amino acids, 
but did not yield quantitative 
values. 

Demonstrated qualitative differ
ences in availability of isoleucin 

··threonine and phenylalanine from 
different sources of meat and bone 
meal to the rat. Qualitative diff 
ences in availability of isoleu
cine, methionine and threonine 
from different samples of meat 

·and bone meal for the pig. 

Qualitative differences in avail
ability of isoleucine, leucine, 
tryptophan and valine from fish 
meal compared with dried skim-

. milk for the pig. 

Utilized l-fluoro-2:4-dinitroben
zene reacted with E amino group 
of lysine to demonstrate avail
ability of lysine from marine 
and animal proteins. 
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TABLE 1. CONT ID. 

Authors 

Roach, Sanderson 
and Willia.ins 

Blom, Hendricks 
and Caris 

Kakade :and Li.ener 

Year Method 

Chemical 

Chemical 

Chemical 

. ,._. 

Comments 

Modification of Carpenter 
FDNB method to reduce time 
required in sample prepar-
ation and to aut·omate the proce-
dure. Determined total lysine 
in.sample and lysine remain
ing in solution following 
ac!id hydrolysl.s. of FDNB treat
ed sample. Differences assumed 
to be free E'amino groups 
representative of available 
lysine. 

Mo¢l.ified Carpenter me~hod.to 
utilize chromatographic 
separation of E-DNP J_ysine 
followed.by ·polarographic· 
determination of E-DNP . 
lysine. Time required for 
sample preparat~on not 

. shor~ened relative to the 
Carpenter method. 

Reacted 2,4,6-trinitrobenzene~ 
sulfonic acid with"·E-amino 
groups Pl lysi~e to form 
E.-TNP lysine which is measured 
colorimetrically; the TNBS 
niethod. Short period of 

·· hydrolysis (1 hr~) makes for 
relatively rapid mE;!thod com
pared with Carpenter method 
·in which 16 to 17 hr. period 
is required for hydrolysis. 
The short per:i.od of 'hydrolysis 
also obviates· the; need for 
application of correction 
factors which may be both. 
variable and'large with the 
Carp~nter method, depending 
on product~ 

was -criticized by Ousterhout et al. (1959) as not allowing for influe:nce of 
gastrointestinal microflora oil:'"" amino acids appearing .in the feces.' Kuiken 
(1952) had reporteq that the influence of iritestinal'microflora on amino acids 
in·the feces was not sufficient to invalidate the method; de Muelenaere arid 
Feldman (1960) inferred from several reports that the fecal-index method was 
suitable for determining biological availability of amino acids and that 
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microbial influence on fecal amino acids was insignificant. _It appears from · 
at least one study that amino acid availability values obtained by the fecal
index method are greater than those obtained by the growth assay method with 
rats- (de Muelenaere, Chen and -Harper, 1967).. . , . _, 

Several work_ers have utilized the growth assay 'method to predict. amino· 
acid availabtlity. -Results appear to be variable, e.g., the initial-report 
of Ousterhout et al. (1959) that the method was unsuitable for determining 
avaiiabilityofglycine, isoleucine and valine for the chick. Other invest
igators have utilized the method for single amino acids, and Smith (1968) 
did not infer from his data that the chick growth assay was unsuitable for predic 
ing availability o·f iso_leucire and valine to the chick. A primary drawback I 

to the growth.assay method .is the time requirement, e.g., the 6-day gain . 
period with the chick combined with whatever preliminary adjustment period 
is required. 

It appears that concentrations of free amino acids in the plasma can 
. be utilized to predict qualitative differences in availability of amino 

acids'. However, the method has not been developed to the point that it is 
sui:tahle for quantitative determinations. As Smith (1966) pointed out, 
it will be necessary that a suitable reference diet be developed and 
utilized in any determinations of availability based on plasma free amino 
acids. The diet cannot provide excesses of individual amino acids, nor 
can it be deficient in any amino acid. Also, there should be no possibility 
of amino acid imbalance. Furthermore, all amino acids must be fully avail
able from the ref~rence diet. These characteristics of the diet will also 
apply to any reference diet fed in the growth assay method. 

Chemical assay methods should be simple,· rapid and accurate. The 
Carpenter (1960) FDNB rnet_hod has been criticized because of the destruction 
of E-D_NP lysine, the deleterious effect of carbohydrate as found in many 
feeds comrhonly fed to livestock and the necessity of applying variable 
and large correction factors in the final calculation. The TNBS method of 
Kakade'and Liener (1969) has the advantages of being simple and rapid; 
good correlations have 'also been shown with available lysine values obtained 
with ·the FDNB' method. The correlation of available lysin'e values obtained 
by the TNBS method with availability of other amino acids has not been 
demonstrated. If it is demonstrated that amino acids in· conventionally 
processed feeds are uniformly available and that high correlations exist 
between availability of individual amino acids and E-TNP lysine, it appears 
that the method can indeed be useful to the feed industry. 

Ava:Uabili ty of Amino Acids From Feedstuffs. 

Soybean meal.. It· has been known since the report of Hayward, Steenbock 
and Bohstedt (1935) that heating soybean meal improved its nutritive value. 
Riesen et al. (1947) demonstrated differences in amino acid composition of 
soybean-meals as determined microbiologically following acid or enzymatic· 
(pancreatin) hydrolysis. They concluded that the amounts of amino acids 
liberated by acid hydrolysis were not accurate indicators of the quantities 
that would be released by enzymatic hydrolysis. Ingram 'et g.L '(1949) compared 
nine samples of soybean meal (raw, solvent(slightly heated, properly· :P,eated 
and overheated) and five kinds o'f expeller meal) •. They_ det.ermined the amino 
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acids microbiologically. following acid and enz"ymatic (whole defatted dried 
pancreas) hydrolysis.· ·,-·Amounts of lysine, methionine, cystine, arginine and 
isoleucine liberated by acid hydrolysis were not suitable measures of growth 
promoting qualities of the proteins. They had found quite uniform.values 
for amino acid contents of the various meals following a:cid hydrolysis. 
The relative amounts of amino acids in the inadequately heated soybean meal 
were less following enzymatic hydrolysis than ro·und following acid hydroly
sis. They did find good correlation between the quantities of amino acids 
liberated by enzymatic digestion and growth of chicks. The swnmary in 
table 2 provides some indication of the availability of amino acids from 
soybean meal. None of the samples of soybean meal on which values are 
presented in this table was identified as having been inadequately .heated 
or overheated. 

TABLE 2. AVAILABILITY.OF AMINO ACIDS FROM SOYBEAN MEAL 

Reference 

Amino acid5 

1 
2 
3 
4 

5 

Arginine 89.2 77.0 83.6 
Histidine 89.2 76.0 
Isoleucine 65.4 
Leucine 85.1 88.o 
Lysine 106.3 98.0 
Methionine 80.0 92.6 
Phenylalanine 128.o 59.2 
Threonine 102.8 103.8 
Tryp~ophan 106.6 100.0 
Valine 51.9 
Methionine + 108.6 

cystine 

Ousterhout et al. (1959); chick growth assay. 
Ford (1962);-mICrobiological assay; S. zymogenes. 
Smith (1968); chick growth assay. -
Ivy et al. (1971); fecal analysis method, chicks; 
meanS-based on eight samples of soybean meal. 
Percent amino acid available. 

98.8 
98.5 
98.8 
98.9 
98.4 
98.6 
99.2 
98.5 

97.3 

Values reported by ·ousterhout et al. (1959) appear to indicate good 
availability of amino acids studied and to be somewhat high for individual 
amino acids. The report of Smith (1968) appears to be somewhat in contrast 
with that of .Ivy et al. (l971) in that Smith (1968) does not report uni
formly high availability of all amino acids with histidine, isoleucine, 
phenylalanine ~nd valine appearing to be less available than other amino 
acids. Ivy et al. tested availability of amino acids from eight samples 
of soybean meal obtained from widely divergent locations. They found 
fairly large differences in amounts of amino acids in the separate samples 
of soybean meal. Small, but significant, differences were found for 
availability of individual amino acids from the separate samples of soy
bean meal. The authors tended to discount these small differences.in 
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availability becaus:e they would have been of lesser magnitude than differ
ences in amounts of individual amino acids in the different soybean meals. 
These results of Ivy et al. (1971), although contrasting somewhat with 
those of Smith (1968)-,-are indicative of relatively high availability of 
amino acids from properly proc.essed soybean meal. 

Peanut meal. One report of availability of amino acids from peanut 
meal was found in the literature searched. Kuiken and Lyman (1948) reported 
high values for availability of the 10 essential amino acids from this 
feed. They used the fecal-analysis method with rats. 

Cottonseed meal. Ingram, Cravens and Elvehjem (1950) reported that 
overheating of cottonseed meal resulted in decreased liberation of lysine, 
tryptophan, methionine and cystine by enzymatic hydrolysis. Method of 
processing, hydraulic vs. screwpress, also influenced availability of 
amino acids as measured by enzymatic release or the chick growth test. 
The summary in table 3 is based on reports of Kuiken and Lyman (1948) 
and Kuiken (1952). Generally, there was some variation in availability 
of individual amino acids. The values in columns D arid E, table 3, 
differ from those in column C and are indicative of differences in amino· 
acid availability due to processing method. It would appear that with 
proper processing the amino acids of cottonseed meal would be highly avail
able to the animal. Lysine was more sensitive to heat than other amino acids 
and there was a 1Cl1/o reduction in availability due to autoclaving at 15 lb. 
pressure for 60 minutes. 

TABLE 3. AVAIIABILITY OF AMINO ACIDS FROM COTTONSEED MEAL 

Reference c2 

Am. ·d3 1no ac1 

1 
2 

3 

Arginine 93.7 93.4 95 95 97 
Histidine 88.9 89.9 85 91 95 
Isoleucine 82.5 78.2 72 80 83 
Leucine 78.8 75.4 72 86 90 
Lysine 63.6 64.5 71 79 84 
Methionine 80.7 81.6 67 82 89 
Phenylalanine 86.6 88.6 81 90 93 
Threonine 78.3 76.6 72 84 91 
Tryptophan 89.3 90.8 83 89 94 
Valine 76.7 78.6 73 86 89 

Kuiken and Lyman (1948); cottonseed flour, 54.1% protein. 
Kuiken (1952); hydraulic, screwpress (not heated over 200° F 
during processing) and hexane extracted degossypolyzed meals, 
respectively; fecal-analysis method. 
Percent amino acid available. 

In contrast to the intermediate and relatively high values for lysine avail
ability shown in table 3, Ousterhout et al. (1959) reported a value of only 
46.5% available lysine by chick growth assay. 
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Fish meals. Smith.and Scott (1965a) using the chick growth assay 
reported that availability of lysine and threonine from fish meal was de
pressed due to overheating of the meal. They confirmed this result using 
plasma free amino acids as the response criterion (Smith and Scott, 1965c). 
As shown in table 4, the report of Ousterhout et al. (1959) is indicative 
of some variation in availability of the individual amino acids from fish 
meals as measured by the chick growth assay, and availability of arginine 
and threonine appears to be somewhat low. Smith's (1968) report was that 
availability of amino acids other than arginine, leucine and valine from 
fish meal was quite good as determined by chick growth assay. Additional 
information shown in taple 4.wili be indicative of the deleterious effect 
of extreme heat on amino acid availability as determined by microbiological 
assay for amino acids following enzymatic hydrolysis of the meals (Bissett 
and Tarr,· i954). Data were not found in which availability of amino acids 

TABLE 4. AVAILABILITY OF AMINO AC]J)S FROM·FISH MEALS 

Al B2 
Normal Low tern~. 159~C 159°C 

Description commercial3 drying 60 min.3 180 roin.3 

Amino acid4 

Arginine 53.1(6) 62.6 83.3 63.6 98.6 31.0. 
Histidine 84. 0(5). 88.2 47.6 40.9 50.0 9.1 
Isoleucine 82.0 95.7 91.8 77.6 17.4 
Leucine 73.3 94.9 85.7 67.5 10.1 
Lysine 90.2(6) 85.3 98.4 79.3 77.3 5.5 
Methionine 97.7(6) 92.5 95.8 64.2 73.1 23.8 
Phenyl- ··· 82.8(2) 89.5 100 76.7 71.1 9.7 

alanine 
Threonine 71.2(2) 84.5 100+ 100+ 92.3 3.6 
Tryptophan 115.5(5) 100 100+ 100+ 100+ 5.0 
Valine 67.3 77 .0, 82.0 62.3 ' 4.9 
Methionine 91. 9(5) 

+ cystine 
Tyrosine 100+ 100+ 83.3 10.0 

1 Ousterhout et al. (1959); chick growth 
indicate numbers of observations. 

assay; values in parentheses. 

2 Smith (1968); chick growth assay. 
3 Bissett and Tarr (1954). 
4 Percent of amino acid available. 

from fish meals to pigs or rats was determined. Likewise, results of studies 
based on the fecal-analysis method· were not located. Waterworth (1964) determined 
availability of am~no acids (arginine, histidine, leucine, isoleucine, 
methionine and valine) from whale-meat meals (14 samples) and fish meals 
(26 samples). All values appear to b~ low to intermediate. He utilized 
~· zymogenes to determine amino acid availability from the various products 
and as a result of his studies indicated that the enzymatic hydrolysis
microbiological assay procedure would be useful to feed compounders in 
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predicting amino acid availability. 

Meat and 'bone meals. Ousterhciut et al. (1959) reported ayailability 
values of 71.4, 75.;0, 103~7,.62.5·ahd 79':2%, respectively, for arginine, 
histidine, lysine, tryptophan and methionine + cystine from meat and bone 
meal for the chick. Stockland and Meade (1970) and Stockland, Meade and
Nordstrom (1970) reported, qualitative differences in availability of amino 
acids to the· rat and· pig from meat and bone meals of different origin. 
The report of Waterworth (1964) is also indicative of wide differences 
in amiho acid composition of meat and bone meals as may be associated with 
origin, e;g., starting material. Pritchard, McLarnon and McGillivray 
(1964) used the' FDNB method to determine available lysine in more than · · . 
750 samples of meat an:d bone meal. The protein content of the samples . 
ranged from less than 40 to between 55 and 60 percent. More than 35% 'of 
the samples contained 50 to 55% of protein~ They found that about half 
of the samples. contained between 4. 0 and 4. 5· available lysine (g/16 g N), 
and the greatest portion of the sanples contained from 3.5 to 4.5 avail
able lysine (g/16 g N). They found little or no relationship between 
protein conte'nt of the meat and bone' meals and available lysine. . There 
appears to be a gross lack of quantitative values for availability of 
amino acids from meat and bone meals for the chick, pig and rat. It· 
appears that additional studies are essential to determine availability. 
of amino. acicfs from meat' and bone meals' particularly as influenced by . 
starting material, e.g., fallen animals vs. packing-house viscera, and 
processing methods~ 

Cereal grains. Although the cereal grains provide variable percentages 
of the total protein in diets of poultry and swine and may provide relative
ly small amounts of some amino acids, the amount of information on amino 
acid avaiiability is relatively small. Kuiken and Lyman ('1948), using the 
fecal-analysis method with rats, reported availability values ranging from 
92.2 to 98.8% for the 10 essential amino acids from wheat. de Muelenaere 
and Feldman (1960) reported availability values of 92.8, 89.5, 95.3 and 
88.8%, respectively, for isoleucine, lysine, methionine and threonine . · 
from corn. They used one variety of corn subjected to three fertilizer 
treatments but found no effect of fertilizer treatment on amino acid 
availability. Their value for available lysine in corn is in sharp contrast 
to those values of 49 and 51% available lysine in corn-as reported by Gupta 
and cow::orkers (195$_) who used _the growth assay method. •. Additional_ informa".'" 
tion is la:cking on availability of amino acids from corn to the chick, poult, 
pig and rat. Pick and Meade (1970) did report that the iysirie of opaque-2 
corn appeared to be as available as the lysine in_the reference diet fed to 
pigs and that the isoleucine in the opaque-2 corn was less available than 
that in the reference diet. No quantitative data were available on avail
ability of amino acids to the pig from other cereals. With exception of the 
report of Stephenson et al. (1971) on availability of amino acids from 
grain sorghums to the-Chick, quantitative· data were not available on avail
ability of amino acids to the chick from other common cereals.' 

Stephenson et al.· (1971) used the fecal-analysis method o'f Bragg e"t al. · 
(1969) to study the availability of amino acids to the chick from 24 grain
sorghums. The following values show average percent available 8.!Ilino acid 
and ranges in percentage availability: arginine, 85.2(59.5 - 95.5); 
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histidine, 77.3 (43.4 - 90.2); isoleucine, 83.8 (50.9 - 95.2); leucine, 
86.4 (48.3 - 95.7); lysine, 81.9 (58.3 - 92.5); methionine, 88.6 (55.1 -
98.0); cystine, 91.1 (67.5 - 98.3); phenylalanine, 84.1 (43.7 - 96.4); 
tyrosine, 85.8 (48.6 - 95.0); threonine, 77.9 (46.8 - 91.8); valine, 82.4 
(52.4 - 94.6). These workers found that some samples were very low in 

. amino acid availability while a few were relatively high in availability 
of all amino acids. The authors did not indicate differences in handling 
and processing of samples, but did indicate that all samples were har
vested at the same stage of maturity. Additional studies may be required 
to determine whether differences in availability are associated with 
variety .of grain sorghum, or other cereal grain, or whether differences 
in processing and storage of the cereal are affecting availability of 
amino acids. It is apparent that additional studies will have to be con
ducted to provide quantitative information on availability of amino acids 
from cereal grains, and their by-products, to poultry and swine. 

Lysine Availability by the FDNB Method 

The swnmary in table 5 shows the influence of method on available 
lysine as determined by the FDNB method (Carpenter, 1960) or a modification 
of the method by which correction factors necessitated by destruction of 
E-DNP lysine or the influence of carbohydrates are eliminated (Roach et al., 
1967). Values obtained by the Carpenter method were greater than those~ 
obtained with the Silcock method when feeds such as soybean meal and pea
nut meal, both of which contain some polysaccharide, were analyzed. On the 
other hand, the values for available lysine as determined by the two methods 
were nearly identical when either meat and bone meal or fish meal was 
analyzed. When available lysine was determined in mixed diets the values 
obtained by the Carpenter method exceeded those resulting from the Silcock 
method by from 9.5 to 16.9 percentage units, apparently because of the 
deleterious influence of the carbohydrate in the cereal diets and necessity 
to use large correction factors in making the final determination for 
available lysine. 

TABLE 5. AVAILABILITY OF LYSINE FROM PROTEIN FEEDS AND FROM 
COMPLETE DIETSl 

Method 

Protein feed 
Meat and bone meal 
White fish meal 
Soybean meal 
Peanut meal 

Cereal diets 

17.6% meat and bone meal 
9.7% white fish meal 

20.3% soybean meal 
31.4% peanut meal 

Silcock2 

75.gfo 
89.0 
95.1 
92.1 

90.5 
91.4 
90.7 
88.7 

1 Ostrowski, Jones and Cadenhead (1970). 
2 Roach et al. (1967) 
3 Carpenter--C1960) . 

** Values differ significantly 
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75.5% 
89.5 

106.3** 
103.6** 

100.0** 
107.1** 
102.7** 
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Swnmary 

1. Severe overhea:t.ing. of protein supplemental feeds results in 
seriously depressed availability of all amino acids. Lysine: 
appears to be· more heat sensitive than some of the other 
essential amino acids. , 

2. It may be inferred from the data presented that amino acids 
are highly available from properly processed .soyqean meal, 
cottonseed meal and peanut meal. 

3, The amino acid content of fish meals does not vary greatly 
(g/16 g N), but availability will vary greatly with serious 
depression of availability if meals are overheated, or 
scorched, in processing and shipment. 

4. Amino acid composition of meat and bone meal will vary 
greatly depending on the starting material. Availability 
of amino acids can be anticipated to be depressed if the 
meals.are overheat.ed in processing. 

5. Wide ·yariatiorrs were reported in availability ~o the chick 
of amino acids from grain sorghums. Additional studies 
are needed to determine availability to poultry and swine 
of· amino acids from cere.al grains and their by-products. 

6. Additional information is· needed on the correlation between 
availability of amino acids and available lysine as deter
mined· by the TNBS method and by modifications of the·FDNB 
method. The FDNB method may yield high lysine availability 
values when samples containing carbohydrate are analyzed. 

7, Availability of amino acids as measured by enzymatic 
hydrolysis-microbiological assay may be influenced by 
choice of proteolytic enzyme, concentration of enzyme, 
temperature during hydrolysis and duration of hydrolysis. 
Additional. standardization of methodology appears to be 
essential if quantitative values that are useful in 
formulation of diets for poultry and swine are to be obtained. 

8. There continues to be a need for development of a rapid 
method for determination of availability of amino acids, 
particularly as values for available amino acids are used 
in computer formulation of diets for poultry and swine. 
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BIOPOTENCY OF VITAMIN D3 SUPPLEMENTS 

P. E. wa:ibel, H. S. Yang and J. Brenes 
Dep·a'rtment of Animal Science 

University of Minnesota 

A perplexing problem in the field is the occasional appearance of 
rickets in flock~ of turkeys or chicks. A usual diagnostic pro~edure 
is to assay the diet for calcium and phosphorus and if these levels 
are satisfactory conclude that vitamin D is deficient. Vitamin D 
content in the feed is rarely assayed because a time-consuming and 
expensive bioassay must be performed. Implicating vitamin D on the 
basis of calcium and phosphorus analyses of the ration may be unfair 
due to the possibility of other causative factors, e.g. molds, or 
timing eff~cts where a previous batch of feed may have been deficient. 

A suggested way of differentiating which nutrient is responsible for 
the rickets involves appropriate clinical analyses or histological 
studies. Unfortunately, clinical chemistry changes, e.g. blood 
plasma calcium, phosphorus, and alkaline phosphatase, are similar for 
deficiencies of calcium, phosphorus, and vitamin D, and histological 
studies of bone do not distinguish between calcium and vitamin D 
deficiencies (Brenes, 1971; Brenes, Waibel, Sautter, arid Spurrelt, 
1971). 

Even though one can conveniently "back into" a vitamin D deficiency 
analysis, it is not very palatable for the nutritionist to do so .. If 
the vitamin D·requirement is understood and if the vitamin D·is 

.believed to·be present irt the feed, some explanation or proof should 
be at hand prior to incriminating this nutrient. 

It was reasoned that some insight into the reliability of vitamin D 
. supplements could be gained by testing a random assortment of vitamin 

D supplements with the use of a biological assay.· A preliminary 
report of ·such a stud9 was made by ~ang, Waibel, and Brenes (1971). 
The results of this study and a further study will be presented at 
this Conference .. 

A detailed literature review relative to calcium, phosphorus, and 
vitamin D nutrition of t~rkej~ was presented by Br~nes (~971). 

Tabular data ate not included with this synopsis as the details will 
be presented as part of the M.S. thesis of H. S. Yang. 
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In the ini.tial experim~nt, twenty-six vitamin n 3 supplements were 
assayed biologically, using bone ash as the response criterion. 
Four of them showe'd relative biopotencies of 38.9, 40.l, 41.9, and 
55.8'X of expected. Most of the others met stated potencies very 
well. The low four and a few of the good samples were retested in 
a second experiment., The respective biopotenc ies of these four 
samples were 58.9, 38.4, 31.7, and 47.7%, and confirmed reas6nably 
well_ the first experiment. The confidence limits obtained on these 
values indicated .that the biopotencies achieved with these four 
samples were very significantly depressed. 

The samples in this study were assayed ~heroically at three industrial 
laboratories using current methods .. The respective average values 
for the four cited samples were ~23, 91, 85, and 114% of stated 
potencies. Thus, chemical assay of the samples did not reflect 

_accurately the biopotencies which were obtained. 

In the study described heretofore, the criteria established for·acc 
tance of the vitamin D supplements included that they were in current 
use. Most.were obtained from commercial feed manufacturing firms and 
a few were receive.d from poultry research centers. A .second study ha 
now been_ completed wherein twenty high potency samples obtained from 
feed manufacturers wer~ subjected to similar biological as~ay .. In 
this instance, three of the twenty samples were considerably below 
stated potencies. 

The results indicat.e that the biopotenc ies of some. vitamin D samples 
were con·siderably under their stated potencies ... Whether this was due 
to inadequate activation of the vitamin n 3 during ultraviolet irradia 
tion or to losses following production is not known. Whatever the 
inactive components, however, they do respond to the chemical assay. 

More atten~ion should be given to insuring that vitamin D supplements 
are fully active biologically at the time-of use. Until such time as 
the problem is cla:r:ified, it is. suggested that the allowance for 
vitamin n3 in poultry rations be in the neighborhood of 3-4 times the 
requirement. For the turkey, this represents a substantial. level of 
vitamin D in the ration as the vitamin D requirement of the turkey is 
already quite high. In·a portion of the w9rk conducted by Brenes 
(lac. cit.), a.vitamin n

3 
level thirty times that of the requirement 

did not show any deleterious effects. 
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NET ENERGY EVALUATION 

G. P., Lofgreen 
Department of Animal Science; 

University of California 
Imperial Valley Field Station, 

El Centro, California 

In theory net energy (NE) is the most satisfactory measure of energy· 
requirements and feed energy for ruminants because it accoun~s for all 
energy losses between energy intake and energy deposition. In prac~ice, 
however, net energy systems have not met with general acceptance. Al
thoughthere are a number of reason~ for this, the most important ones are: 

I. The variabi llty in NE values of the same feed determined 
at different ti~es and under different tonditions. 

2. Contradi~tin~ and confusing literature descripin~ NE 
measures~ 

3. The lack of reliable NE values for cqmmon feeds and 
corresponding values for NE requirements. 

The most commonly used energy measure ·for ruminants fn this country is 
total digestible nutrients (TON). This system has been criticized for 
years by nutritionists throughout the world· and efforts have been made 
to change to other sys terns based upon more va Ii d measures such as 
digestible energy (OE) or metabolizable energy (ME). One of the main 
criticisms of TON ts th~t it overevaluates roughages for productive pur
poses In relation to concentrates. This same <;riticism, however, is 
also true of DE and ME, and thus, the only change which will overcome 
this criticism is the change to NE. Thys, it seemed that little would 
be.gained by a change to D~ or ME and that efforts should be made to 
develop more basic information on net energy so that a system based upon 
this measure might overcome so~ of the commqn cr.iticfsms. 

After some review of the classical NE work, it became apparent that one 
of the primary causes of the lack of acceptance of a NE system was the 
confusion which exists in the literature on NE terminology and. methods 
of determination. Depending upon the method used for its determination, 
NE may include only the maintenance req~irement, only the requirem~nt 
for production, or it may include a portion or all of each. This accounts 
for the major share of its variability. Morrison (1956) states, for 
example, that net energy is 11 the amount of energy left after there are 
deducted from its total energy value the amounts of energy lost in 
feces, combustible gases, urine and heat increment ••• 11 and further that 
it thus "represents· the real value of the feed for productive purposes." 
In this definition the maintenance requirement is considered part of · 
the production process since it is not deducted from the total feed · 
energy. This fs also the definition used by Armsby (1922) when he' indicated 
net energy was the remai·nder of the metabo 1 i zab le feed energy after deduct
ing the he~t increment. On the other hand, Crampt6n and Lloyd (1959) use 
"net or productive11 energy as being the metabolizable energy less the basal 
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heat loss, hea.t increment, and heat of activity. 

From these considerations 't appeared that to be acceptable a net energy 
system would have: to separate the mai11tena.nce requirement from the require
ments for productlve functions since the NE value of a feed differs markedly 
for maintenance and for production. It is probable tha_t the requirement 
for different productive funct;ioris will have to be separated since it is 
to be expected that energy utilization for these functions wi 11 be different. 
For example, one might expect the efficiency of energy ut;ilizatlon to differ 
If energy were being deposited as weight gain or appearing as milk energy. 
Because of the import;mce of weight gain lri be.ef cattle and becalJse of the 
relative simpler techniques Involved~ the first separation attempted was 
that of maintenance (M) and weight gain (G). The energy requireinents for 
both of these flJncti~ns are called net energy ~hich is consistent with the 
universally accepted definition that net ene~gy is equal to metabolizable 
energy less heat incremento 

As a basis for this system, one must clearly distinguish among three 
expressions of net energy: 

1 0 Net ene.rgy for ma i n ten~mce, NEm 

2. Net .energy for production, NEp, and 

3. Net energy for maintenance and production, NEm+p. 

Recognition 9f the differences In these terms will eliminate mµch confusion. 
For example, Crampton and Lloyd's term "productive energy" which is metabo
lizable energy less bas.al metabolism, heat increment, and heat of activity 
becomes NEp while Morrlson.1 s and Armsby 1 s "net energy" which Is equal to 
metabol·izable energy less heat.increment becqmes NEm+p. 

Basic to an understandlng of the separation of maintenance f~om production 
energy Is the recognition that NEm is measured as heat and NEp is measure_d 
as energy appearing in a product. In the case of net energy for gain it 
Is the actual energy deposited in the weight gaino 

Either NEm o·r NEp can be determined by the c 1 ass I ca I "difference tr i a I •11 

In general, a difference trial consists of feeding a given feed at two 
levels of Intake and measuring the increase in energy retention brought: 
about by the incre.ase in feed intakeo The feed intake In relation to 
maintenance determines which of the three expressions of net energy describes 
the result. · 

NET ENERGY FOR K4.INTEN8NCE, NEm 

If a difference trial Is conducted in which the two levels of feeding are 
below maintenance, both will reslJlt in a negativeenergy balance. The 
effe~t of the increase In feed intake, therefore, Is to spare an energy 
loss and will measure the value of the feed for maintenance. Such a trial 
is illustrated by the data st:iOt1n in table 1 modified from Armsby (1922). 
The Increase of four pounds of hay prevented a loss of 2028 kcal. of energy. 
The NEm of the hay is, therefore, 20Z8/4 = 507 kcal. per pound, or 
approximately 51 megcal. per 100 lb. 
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Table I. Determination of NEm of timothy hay by a difference trial 

·, Metabol izable 
Feeding Fee'd. energy Heat Energy 

level es ten i nt51ke er:odu~ed g~i a 
1 b. kca 1. kcal. kcal. 

6.2 5768 8064 -229.6 
2 ~ ~ .ill.£ .:...l.2li 

Di fferences 4.0 3776 1748 2028 

Historically, such trials have been conducted on one animal at a time in a 
r~spira~ion chambe~ or a respiration ·calorimeter in order to measure energy 
gain or heat production. Since m~intenance energy is measured as heat, it 
becomes necessary to measure heat production. If the net energy system is 
to be widely accepted, the measurement of heat production must be made 
easily and on relatively large numbers of animals •. Heat production can be 
formulated as follows: · 

The tot a I n:et energy of a feed is common I y expressed as 

NE = ME - Hi (I) 

where ME is ~etabolizable energy and Hi is heat increment. Total NE of a 
given feed intake can ~1$0 be expressed as 

NE = M.+ P (2) 

where M is the ~nergy expended for m@intenance and P i~ the energy gained. 
The energy expended for maintenance is equal tci the basal heat production 
(Hb) plus the heat of activity (Ha) thu$: 

M = Hb'+ Ha 

Equ~tions 1 and 2 are equal ~nd, thu~, at a given feed intake 

M + P = ME - Hi 

By substituting for M equation 4 becomes 

Hb + Ha + P = ME - Hi 

It is obvl~us,_ therefore, that 

Hb + Ha.,+ Hi - ME - P 

or H = ME - P 

(3) 

(4) 

(5) 

(6) 

where H is total heat producti-0n and .is equal to the sum of basal heat, 
heat due to activity and heat increment.· By using a comparative slaughter 
technique to measure P and balance t.rials· to determine ME, total heat 
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production can be measured on groups of ~nimals without the use of respirator 
apparatus. 

In table 2 are pre·sented values of met;abolizable energy intake, energy 
retained and total heat production for groups of beef.animals fed two 
widely differing rations at three levels of intake 0 The low level of 
feeding was estimated to approximate m~i.ntenance while the high level was 
free choice in each case. Heat production was determined from equation 6 
with P·being measured by the comparative slaµghter. method and ME from 
balance studies using the same rations fed to beef steers. When the log 
of heat production is plotted against metabolizable energ~,_ intake with 
each being expressed per unit of metabolic body size (w~9''), t;he straight 
line obtained ~an be extrapolated to the point ()f zero energy intake giving 
an estimate of fasting heat production. ExtrapolatiQn of the data on 208 
steers and h~ifers i~ such a· manner yields a val~e of approximat~ly 77 kcal. 
(43 kcal. if W is in pounds) (figure 1)0 This indicates that the basal 
heat production plus the heat of §!ctivity of this sample of animals is 
equ~l to 77 kcal •. Per unit of we~/5 or 43 kcal. pe~ unit of wYb75. 

Table 2. Daily heat production 

Level of feeding 
Main- ·Inter-·· Free 

I tern . tenance mediate choice 

Feed intake, lb. of dry matter 
Metabolizable energy intake, kcal. (M~) 
Energy gained, kca 1. (P) 
Heat produced, (M~ - P) 

Total, kcal. (H) 
Percent of ME intake 

Feed intake, lb. of dry matter 
Metabolizable energy intake, kc~lo (ME)· 
Energy gained, kcal. (P) 
Heat produced, (ME - P) 

Tota 11 kca 1 •. · (tt) 
Percent of ME intake 

Alfalfa bay ration 

7.53 . 11. 92 19.45 
8019 12695 20714 
-47 1054 2810 

8066 1164 l . 17904 
101 92 86 

High concentrate ration 

6.27 10.79 15.68 
8088 13919 20227 
624 2827 5430 

7464 11092 14797 
92 80 73 

A convenient method of calculating NEm using the principle of the difference 
trial is to select the two levels of feeding to be fasting for level land 
energy equilibrium as level 2. The feed intake required to maintain energy 
equilibrium can be measured rather simply from the relationship of heat 
produced to metc;ibo 1 i zab le energy intake. If a di et is fed at an .il. Ji bi tum 
level and the heat production determin~d, one may use this quantity of heat 
produced as one point in a regr~ssion line and the heat produced at fasting 
as a second point to establish a regression of heat production on metaboli
zable energy intakeo From the equation describing thi"s relationship the 
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metabolizable energy intake and quantity of feed consumed at energy 
equilibrium can be_ determined. For example, a group of heifers fed an all 
roughage ration a_t an aQ. Jibitum 1eve1 produced 2~6 kcal. of heat at a 
metabo1izable en~rgy intake 3f 7~98 kcal. per W2~7. Using 256 kcal. as 
one point and 77 kcal. per Wkg as the heat produced at zero intake, the 
regression equation describing the linear relationship between log of the 
heat production and ME is 

Log HP = 1.8865 + 0~00175 ME. 

It can be determined from this equation that energy equilibrium can be 
achieved at an intake of 131 kcal •. of metabolizable energy per w2~/5 since 
at this intake heat production is also equal to 131 kcal. At a metabolizable 
energy.content o·f.2~04 kcal. per gra·m of feed, it would.require 64.2 gm. of 
feed to fur~ish.13.lkcal. of metabolizable energy,:and thus energ~ equilibrium 
could be maintained on an intake of 64.2 gm. of this feed per weg 5. Such a 
trial is illustrated in table 3. In this case the 64 gm. of hay saves an 

Table 3. Determination of NEm of alfalfa hay by a differente tr1al with 
level 1 being fasting and 1eve1 2 being equilibrium 

Feeding 
-I eye I 

2 

Differences 

Feed 
eaten 

gm. we975 

0 
64 

64 

Metabo 1 i zab le 
energy 
intake 

0 
11! 

131 

Heat Energy 
· produ~e~ 
kcal./w95 

gain 

77 -77 
ill _Q 

54 77 

energy loss of 77 kcal. The NEm of the alfalfa hay Is 77/64 = 1;20 kcal. per 
gm. or 54 megca1. per JOO lb. Thus, the NEm of that gyantity of feed neces
sary tq maintain energy egui1jbrium is egya1 to the heat produced at zero feed 
intake and the heat prodyced at zero feed.lntake represents the NEm reguia;ment 
for growing !'Ind finishing bee_f catt1e..a.. 

NET ENERGY FOB PRODUCTION. NEp 

The generalized requirement of net energy for production above maintenance 
is represented NEp. Since the concern of this paper is growth and fattening 
(weight gain), the special expression; NEg, will be used for the net energy 
required for weight gain above maintenance. 

The difference trial can again be used to determine the NEg of a feed. In 
this case, however, the entire increment in feed intake must be above main
tenance. One can meet this requirement by selecting that 1eve1 of intake 
which promotes energy equi Jibrium as the lower 1eve1 of intake and .as!_ libltym 
feeding as the upper level. In other words, the upper level in the trial 
to determine NEm becomes the lower 1eve1 in the trial to determine NEg. 
Such a trial on a1fa1f~ hay is illustrated in table 4. 
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Table 4. The difference trial for determining NEg 

Metabolizable 
Feeding Feed ·.\ energy Heat Energy 

I eye I eaten, intake prodyced gain 

gm. w~9 75 kca I. /W~g 75 

J· 64 131 13 I 0 
2 )46 298 lli 42 

Differences 82 167 125 42 

The increase of 82 grams of feed promoted an energy gain of 42 kcal. which 
Is equal to 0.51 kcal. per gm., or 23 megcal. per JOO lb. of feed. This 
is the same alfalfa hay which had a NEm of 54 megcal. per 100 lb. Simi Jar 
trials with a 98 percent concentrate ration yielded NEm and NEg values of 
87 and 63 megcal. per 100 lb., respectively. Thus, for maintenance alfalfa 
was worth 62.percent the high concentrate ration while for production of 
weight gain above maintenance it was only worth 37 percent the value of 
the concentrate ration •. On the basis of TON the hay would have 67 percent 
the value of the concentrate. This system, therefore, seems to overcome 
the common criticism that net energy underevaluates roughages for maintenance. 

Since NEm and NEg values are not yet available on all feeds, a method was 
needed to predict these values. A study was, therefore, mad~ of 34 rations 
covering a wide range of energy concentrations to determine the accuracy 
with·~hlch NEm and NEg could be predicted from metabolizable energy (ME). 
There obviously has. to be a negative· correlation between the ME content 
of a feed and the quantity of that feed required to maintain energy 
equilibrium. Furthermore, as shown earlier, that quantity of feed which 
wi 11 111alnt.1in ~ner~JY equi librlum has a NEm content. equal to the fastln9 
heat production. The relationship bet.ween that feed required for energy 
eqtd I ibriu111 and the ME e1'incentratici11 of .the feed for the 34 rations 
investigated had a correlation coefficient of -0.97 and is described by 
the equation 

Log F = 2.2577 - 0.2213 ME (7) 

where F i~ the feed dry matter required to maintain energy equi librlum in 
gm./W~975 and ME concentration in the ration is in kcal./gm. of dry matter. 
NEm in kcal. per gm~ of dry matter is equal to 77/F. For example, for a 
feed having i kcal. ME per gm. of dry matter, the following calculations 
can be made: · 

Log F = 2. 2577 - (0.2213) (2) 

= 1.8151 

F = 65. 3 gm. · 

NEm = 77/65.3 = I. 18 kca I. per gm. of dry matter. 
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1.t also seemed logica.I that the NEg of a feed also should be related to 
the amount of feed required for maintenance since a feed having a high NEm 
would also be exp~cted to have a high NEg although the relationship between 
NEm and NEg would -vary with different types of feedso The relationship 

·between the feed required to maintain energy eq~i librium ~nd the NEg of 
the feed was; the~efore, investigated on the 34 rations. The relationship 
had a correlation coefficient of -0.96 and is described by the equation 

NEg = 2.54 - 0.0314 F (8) 

where NEg is in kcal. per gm. of dry matter and F is .the dry matter required 
to maintain energy equilibrium as determined from equation 7. In the ex
ample used above, the feed containing 2 kcalo ME and I. 18 kcal. NEm per gm. 
of dry matter, the NEg would be determined as follows: 

NEg = 2.54 ~ (0.0314)(6503) 

= o.49 kcal. per gm. of dry matter. 

In table 5 are presented the NEm a~d NEg values of some sele~ied feeds 
determined experimentally 6r estimated from ME in the manner just described 
and then converted to megcal. per 100 pounds of feed~ 

The NEg requirement is the energy actually deposited in the weight gain. 
From data accumulated on the energy content of the gain of growing and 
finishing steers and heifers, the NEg requirements for a given rate of 
gain can be predicted (Lofgreen and Garrett, 1968). For conve~lence their 
prediction equations have been modified to allow the expression of body 
weights and gains in pounds and are presented below: · 

., 

for steers: NEg = (13.2Qg + Q.Z~g2 } ( wO· 751 (9) 
1000 

·and for heifers: NEg = 04. Q8g .+ 1.4~92) (w~· 75) ( 1 o) 
1000 

wher~ NEg is in megcal. per day, g is daily weight gain in pounds, and W 
is mean body weight in pounds. These equations show that heifers deposit 
more energy per unit of gain than do steers and that this difference in
creases as the rate of gain increases. For example, a 400 pound heifer 
gaining one pound per day deposits t.39 megcal. per day in her gain while 
a steer deposits only 1.26 megcal., a difference of 10 percent. At a rate 
of gain~f 2.5 pounds pet day, th~ heifer and steer deposit 3o95 and 3.40 
megcal., r~spectively, a difference of 16 percent~ 

Using equations 9 and JO for the NEg r~quirements and o.o43w?r/5 as the 
NEm requ1rement, tables 6 and 7 were prepared. To find the net energy 
requirements for weights and rates of gain not shown, one can use equations 
9 and 10 or can interpolate from the tables. To find the rate of gain 
expected from a given intake of NEgonemay work backward in the tables or 
use the following equations: 

for steers: g = J0,002779 + Q.04941NEg/WO. /S - 0,05272 
· · · · · .·· · o~ '0062 · ( 11 ) 
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and for heifers: g ~.J'0,003)39 + Q,09J4NEg/W0./5 - 0,05603 
0.0115 (12) 

Table 5. Net energy,content of feeds. (Expressed on a 90"/o dry matter 
basis unJei~ otherwise indicated.) 

Feed 

Dry Rough51ges 
Alfalfa hay, 2)% fiber 
Alfalfa hay, 24% fiber 
Alfalfa hay, 28% fiber 
Alfalfa hay, 34% fiber: 
Alfalfa meaJ, dehy., 1r1o protein 
Barley hay 
Barley straw 
Bermuda grass hay, common 
Corn cobs, ground · .. 
Corn fodder, weJ J-ear.ed, dry 
Corn stover · 
Cottonseed huJJs 
Oat hay 
Soybean hay 
Sudangrass hay, average 
Timothy hay, average 
Timothy_ hay, before bloom 
Timothy hay, .I.ate b·loom 
Timothy hay, late seed 

Silages (Expressed on a 30% dry matter basis) 
Alfalfa, wilted, good quality 
£orn, dent, weJJ-~atured, well-eared 
Sorghum; dua1 purppse 

Concentrates 
Barley grain 
Barley, Jight weight 
Beet pulp, molasses, dried 
Brewer's grains, dried 
Coconut meal, solvent. 
Corn~ dent, No. 2 
Corn and cob meal, (ground e~r corn) 
Cottonseed meal, 4J%, solvent 
Fat (98°/o dry matter) 
Hominy feed, 5% fat 
Linseed meaJ, solvent 
Mi lo grain 
Molasses, cane, to 15% (71%dry matter) 
Oat grain 

-a·1-

For 

For weight 
gain, in 

addition to 
maintehance maintenance 

(NEm) (NEg) 
megca I. per J 00 I b. 

59 
55 
50 
42 
55 
50 
41-
43 
43 
57 
50 
42 
47 
48 
48 
48 
56 
47 
4J 

18 
22 
20 

87 
72 
83 
58 
68 
92 
81 
64 

203 
94 
73 
87 
65 
75 

34 
28 
20 
8 

28 
20 

6 
12 
)2 
34 
24 
9 

16 
19 
19 
)9 
32 
17 
6 

9 
13 
9 

58 
48 
55 
35 
45 
60 
54 
41 

12/ 
61 
49 
58 
41 
51 
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Table 5.· (continued) 

:~. 

Feed 

Soybean meal, exp •. or hydr. 
Soybean meal, so 1 ven·t 
Wheat grain 
Wheat bran 
Wheat mi 11 run 
Whey, dried 
·veast, Brewer• s, dried 

Table 6. Net energy requirements 

Dally 
gila !t;QQ SQO 200 

for growing 

For 

For weight 
gain, in 

a.dd I ti on to 
maintenance maintenance 

and 

(NEm) (NEg) 
megca 1 ~ per 100 lb. 

84 
78 
90 
69 
78 
84 
74 

finishing steers 

S6 
si · 
S9 
46 
44 
SS 
so 

~gd~ w~igbt1 lb.i 
ZQQ 80Q ~OQ 1QQQ 1100 

·NEm required, megcal./day. 

0 3.8s 4.ss s. 21 5.85 6.47 7.07 7.6s 8.21 

NEg required-, megca 1. /day 

o.6 0.74 ·0.87 1. 00 1. 12 I. 24 I. 3S 1.46 I. 5 7 
o.8 · 0.99 1. 17 I. 3S I. 51 1.67 1.82 I. 97 2. 12 
1. 0 1.26 1.48 1. 70 1. 91 2. 11 2.31 2.so 2.68 
I. 2 1. 52 1.80 2.06 2.32 2.56 2.80 3.03 3.2s 
1.4 1.80 2. 12 2.44 2. 73 3. 02 3.30 3.57 3.84 

I. 6 2.08 2.45 2.81 3. 16 3.49 J.81 4!' 13 4.43 
I. 8 2.35 2.79 3.20 3.59 3.97 4.34 4.69 s.o4 
2.0 2.65 3. 13 3.59 4.03 . 4.46 4.87 5.27 s.66 
2.2 2.95 J.48 3.99 4.48 4.96 5.41 .s. 86 6.29 
2.4 . 3.25 3.84 4.40 4.94 s.46 s.97 . 6.46 6.94 

2~6 3.55 4~20 4.82 5.41 5.98 6.53 7.07 7.59 
2.8 3~87 4.57 5.24 5.89 6.50 i. 10 7.69 8.26 
3.0 4. 18 4.95 5.67 6.37 7. 04 7.69 8.32 8.94 
3.2 4. SI . 5~33 6. 11 6.86 7.58 8.28 8.96 9.63 
3.4 4.84 5.72 6.56 7.36 8. 14 . 8.89 9.62 10.33 
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Table 7. Net energy requirements for growing and finishing heifers 

Daily B2d~ weighl;. lb. 
9!lia 300 ~QO ~QO f20Q ZQO ~QQ 900 1000 

NEm required, megcal./day 

0 3. JO 3.85 4.ss 5.21 5.85 6.47 7~07 7.65 

NEg required, megcal./day 

o.6 0.65 0.80 0.95 I. 09 I. 22 I. 35 I ~47 LS9 
o.8 o.88 I. 09 I. 29 1.48 1.66 I. 83 2.00 2. 17 
I. o 1. 12 1. 39 1.64 1. 88 2. 11. 2.33 2. 55 . 2. 76 
I. 2 · 1.37. 1. 70 2.01 2.30 2.58 2.85 3. 12 3.37 
1.4 1.62 2.01 2.38 2.73 3.07 3.39 3.70 4.01 

I. 6 1.89 2.34 2. 77 3. 18 3.57 3.94 4.31 4.66 
i. 8 2. 16 2.68 3. 17 3.64 4.08 4.51 4.93 5.34 
2.0 2.45 3.03 3.59 4. 11 4.62 S. IO 5.57 6.03 
2.2 2. 7h 3.39 4.01 4.60 s. 16 s. 71 6.23 6. 75 
2.4 3.03 3.76 4.45 5. 10 s. 73 6.33 6.91 7.48 

2.6 3.34 4. 14 4.90 5.62 6.31 . 6. 97 7. 61 8.24 
2.8 3.66 4.53 5.36 6. 15 6.90 7.63 8.33 9.02 
3.0 3.98 4.;93 5.83 6.69 . 7. so 8. 30· 9.07 9.81 
3.2 4.31 . s. 35 6.32 7.25 8. 14 8.99 9.83 10.63 
3.4 4.65 s. 77 6.82 7.82 8.78 9.70 10.60 11. 47 

where g is-daily-gain in pounds, NEg is in megcal. per day and W is the mean 
body weight in pounds. 

NET ENERGY FOB l"V\INJENANCE AND PRODUCTION. NEm+p 

Although there is little justification for using this value, it can be 
calculated once the NEm and NEg values are known. For example, for an 
alfalfa hay containing 56 megcal. of NEm and 32 megcal. of NEg per 100 pounds, 
the N£m+g can be estimated for any level of feeding. For an 800 pound steer 
the NEm requirement is 6.47 megcal. per day (table ·6). This would require 
IJ.55 pounds of alfalfa hay containing 56 megcal. NEm per 100 pounds. If 
this animal were eating 24 pounds of alfalfa, there would be 12~45 pounds 
left after satisfaction of the maintenance requi~ement. This would have a 
NEg of 32 megcal. per 100 pounds or 3.98 megcal. in the 12.45 pounds. The 
NEm+g of the 24 pounds of alfalfa would, therefore, be 6.47 + 3.98 or I0.45 
megcal. which amounts to 43.5 megcal. per 100 pounds. If, however, the 
consumption had been only IS pounds, the NEm+g determined in the same manner 
would have been 50.5 megcal. per 100 pounds. Table 8 shows the NEm+p of_ 
a If a I fa hay at varying rates. · 
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Table 8. NEm+p of alfalfa at varying intakes 

Leyel of feeding 
·.::: 

Maintenance {12 pounds) 
l~termediate {18 pounds) 
Free choice {24 pounds) 

NEm+g 
megca 1oI100 1 b. 

56 
47 
44 

Table 9 presents a comparison of alfalfa hay and a high concentrate ration 
by the thre~ ~xpressions of net energy discussed above. It is apparent from 
this comparison that the proposed system overcomes the common criticism that 
net energy doei not give roughage feeds a higher value for maintenance than 

Table 9. Comparison of roughage and concentrate 

NE·measyre 

NEm 
NEg 
NEm+g 

. Alfalfa 
hay 

.63 
27 
41 

Rat ion 
High 

concentrate 
megcal./100 lb. of OM 

87 
57 
71 

Alfalfa as 
percent of 

high concentrate 

7.2 
47 
58 

It does for production in relation to concentrates. It also overcomes the 
known disadvantage of the. estimated net energy system (ENE) or NEm+g which 
varies with feed intake. 

APPLICATION 

I. Ration formylatibn: 

Ttie National Research Council Beef Cattle Bulletin .shows that a NEg concen
tration of approximately lo 11 megcal. per kg. of·dry matter is adequate for 
finishing a yearling steero On an 11 as fed" basis of 90 percent dry matter 
this would amount.to approximately 45 megcal. per 100 pounds of ration. 
The ration shown in table 10 was formulated to contain this concentration 
of NEg •. 
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Table Io. Ration for yearling steers 

Amount, NEm NEg 
; I b. per megca 1. per megcal. per 

·Ingredient 100 1 b, 100 1 b. 100 I b. 

Alfalfa hay, 28% fiber 12 6.o 2.4 
Barley hay 8 4.0 l. 6 
Cottonseed hu 11 s 5 2. l o.s 
Rolled barley 43 37.4 24.9 
Mill run 22 17. 2 9. 7 
Cottonseed meal 6 3.8 2.5 
Fat 3 6. 1 3.8 
Additives _J_ 

Totals 100 76.6 45~4 

The mean values for finishing yearling steers given in the NRC bulletin 
are 800 pounds body weight, 2.8 pounds daily weight gain, and 22.8 pounds 
daily feed (90% dry matter basis). Using these values the theoretical 
adequacy of the above ration can be checked as follows: 

NEm requirement, megcal. (table 6) 
Feed required for maintenance, 1 b. (6.47/0. 766) 
Total feed consumed, lb. 
Feed left for gain, lb. (22.8 - 8.4) 
NEg deposited in gain, megcal. (14.4 x 0.454) 
Expected gain, lb. (Equation 11 or interpolated from 

table 6) 

6.47 
8.4 

22.8 
14.4 
6.54 

2.82 

Thus, at a consumption of 22.8 pounds of this ration per day the e~pected 
~1ain of 2.82 pounds checks with the 2.8 pounds listed for yearling steers 
averaqlnq approximately 800 pounds in body weight. 

2. Estirnation of feed reaui red to prodyce a des I red resoonse: 

If, for example, a feeder wished to know how much corn silage would be 
required for 450 pound calves to gain one pound per day, he could make the 
fo I lowing ca 1 cul at ions: 

NEm of corn silage at 30% dry matter, megcal./100 lb. 
NEg of corn silage, megcal./100 lb. 
NEm requirement for 450 pound calves, megcal. per day 
Feed requ!red for maintenance, lb. (4.20/0.22) 
NEg required per day, megcal. 
Feed required for gain, lb. (1.37/0.13) 
Total feed required per day, lb. (19. I + 10.5) 

22 
13 
·4.20 

19. 1 
I. 3 7 

1o.5 
29.6 

Under normal conditions, therefore, one would expect to have to feed an 
average of 29.6 pounds of corn silage at 30"/o dry matter to calves averaging 
450 pounds in order for them to gain an ~verage of one p6und per day. The 
amount required of a combination of feeds could be calculated in the same 
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manner. 

3. Eya1yation of 9 feeding program: 

One of the most useful applications of the system ls in evaluating a given 
feeding program. This is 111ustrated in table 11. Two Jots of steers were 
fed the same high energy ration. One was fed .aQ. Jibitum while .the second 
was restricted to approximately 90 percent of the consumption of the first 
group on a metabolic body size basis. The gross data show a drop In daily 
weight gain as one would expect. The feed conversion, however, appears to 
b~ slightly improvedo At least it was not impaired by the restriction. One 
wonders if the energy utilization of the ration was actua11y stimulated or 
if the gain is merely reduced proportional to the feed restriction with no 
alteration in energy utilization. The analysis shown sheds further light 
on this question. One notes that the drop in daily gain was almost exactly 
predicted by the drop in dally feed consumption. This implies no real 
improvement in energy utl lization due to restriction. One looks for some 
other reason to explain why the feed required per pound of gain did not 
Increase with restricted intake as one might expect because of the smaller 
amount of feed being available for gain. A further inspection of the data 
(not reported herein) revealed the restricted cattle were not as fat and 
would have to be fed longer than the first lot. This would cause the feed 
required ~er pound of gain to lncreaseo 

Table 11. The.effect 6f restricted feeding on perfo~mance and f~ed 
utilization 

Item .aQ. 1 i bi tum restricted 

Data reported: 
Mean. body weight, 1 b. 

. Daily feed cons~mpt1on, Jb~ 
Daily weight gain, lb. 
Feed required per pound gain, lb. 

Analysis: 
NEm required, megcal per day 
NEm in ration, megcal. per 100 lb. 
Feed required for maintenance, lb. per day 
Feed left of weight gain, lb. per day 
NEg in ration, megcal. per 100 Jb. 
NEg deposited in gain, megcal. per day 
Expected weight gain, lb. per day 
Expected reduction in gain for restricted 
Observed reduction in gain for restricted 

lot, 1 b. 
Jot, 1 b. 

792 755 
21. 03 18. 18 

3.32 2.91 
6.33 6. 25 

6.42 6. 19 
82.9 82.9 

7.74 7.47 
13.29 1 o. 71 
53.6. 53.6 
7. 12 5.74 
3.96 2.61 

0.45 
o.41 

Although this system of net energy is at present limited to use with growing 
and finishing cattle, the principles can be extended to other physiological 
functions such as gestation, lactation, work, etc. These applications 
merely await the necessary research. For the restricted fh~ld of maintenance, 
growth and fattening of beef cattle, however, this system has advantages 
over the commonly used TON system_ and also over certain other energy measures 

such as digestible. energy, metabolizable energy, and over the system commonly 
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called estimated net energy (ENE) which is, in reality, NEm+p. 
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EFFECT OF MYCCYI'OXINS - OCHRATOXINS AND J2, 13 EPOXYTRICHOTHECENES 

Eugene B. &nalley 
Department of Plant Pathology 

: University of Wisconsin 
_,Madison, Wisconsin 53706 

The term "mycotoxicoses" has only come into general use very recently and has 
the special sense of animal poisonings caused by microfungi - particularly 
those growing saprophytically on feeds and food. These flmgus poisons are 
termed "mycotoxins", but toxins produced by these same fungi which are toxic 
only to plants are· generally excluded. Same of these, however, have proved to 
be equally toxiC to both plants and ani.mals. The words are only new to the 
western world. As early as 1954 a book (216 p.) in Russian by A. K. Sa.rkison 
was published called "Mycotoxicoses", and, indeed, until about 1960 the. 
Russians led the world in their research on these serious problems. Major 
research shifted to other parts of the world ~er 1960 when the importance 
of Aspergillus flavus toxins was recognized (1). The word "aflatoxins" has 
become almost synonymous with mycotoxins. However,. there are a great many 
other groups of mycotoxins recognized. I have been asked to discuss two 
groups of different toxins which have been recently discovered and whose 
importance as causal agents of animal disease remains t6 be determined. 

OCHRAToxINS 

New fungal metabolites named ochratoxins have recently been isolated from' 
maize culture·s of Asnergillus ochraceus, a fungus which sometimes attacks: 
stored grain (2, 3, ). Ochratoxin A (the major toxin) is chemically a 
7-carbo:x;y-5-chloro-3,4 dihydro-8-hydro:xy-3-methyliso-coumarin linked through 
the 7-carbon group to L-13-phenylalanine by an amide bond. Five other toxic 
ochratoxins have also been described (3, 5, 6). The oral LD50 dose of ochra
toxin A in male rats is 22 mg/kg (7) and 150 µg per duckling l5). 

In spite of the fact that A. ochraceus occurs widely in feeds and foods (4, 
8, 9), and the fact that its major toxic metabolites have been widely inves
tigated (4, 5, 10, 11), it has never been definitely associated with animal 
or human health problems. Recently, however, ochratoxin A was reported as 
a natural contaminant (110-150 ppb) in poor grade corn in storage, but 
~· ochraceus could not be isolated from these samples (12). This might be 
explained by recent reports that ochratoxin A is produced in quantity by 
another fungus, Penicillium viridicatum (13, 14). This fungus is often more 
commonly isolated from moldy corn than A. ocbraceus. P. viridicatum has also 
been ass.ociated with a severe toxicosis-of swine causiilg renal damage (15,,16). 

More recently, Scott and Von Walbeek in Canada (17) reported that poorly 
stored wheat, oats, mixed grain feeds, peanuts and white beans contained 
naturally occurring ochratoxin A at levels up to 11 ppm. Several strains 
of P. viridicatum isolated from these samples produced both ochratoxin A 
and-citrinin. Ochratoxin A fed to rats as pure toxin (500 µg/rat/a.ay) or in 
barley cultures of~· viridicatum (250 µg ochratoxin A/rat/a.ay) caused loss 
of appetite, kidney and liver damage and death. As little as 48 ppm ochra
toxin A in a semipurified diet produced functional and pathologic renal change 
in two weeks. 
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RELATIONSHIP TO FETAL DEATH AND ABORTION 

Recently we investigated a case of bovine abortion in which extensive use of 
recognized diagnostic procedures (18) had failed to reveal a known cause. 
Over a two-month period 13 of 71 cows aborted, although no abortions had 
occurred previously in several years. No new animals had been introduced into 
the herd, and conception and milk production had been outstanding. The diet 
of these cows included farm mixed ground feed concentrates and grains, corn 
silage and visibly .moldy hay. When the hay was withheld the abortions ceased. 

The major fungi from this hay were isolated in p'lll"e culture and fed to 10-day 
pregnant rats (one part ground cult'lll"e to 3 parts rat diet) until day 20 or 
21 of gestation when all animals were killed, their uteri removed and opened 
and the number of living young and fetal resorption sites counted. Only one 
of those fungi caused significant fetal death and res9rption, and this was 
A. ochraceus (19). (Table 1). Repeated trials with A. ochraceus corn cultures 
produced similar results. Chloroform extraction of these cultures followed 
by TLC with quantitative standard indicated the presence of large amounts of 
ochratoxin A (20). 

Table 1. Fetal death and resorption in rats receiving sublethal doses of nl 
dried, ground corn cult'lll"es of toxic fungi isolated from moldy hay!/· 

Toxic t'ungi 

Penicillium oxaJ.icum~~ 
Btempb;yllium botryos c 
Aspergillus fumigatusC 
Aspergillus ochraceus:§/ · 
Controlsoe:/_ · 

Pregnant 
animals 

5 
2 
3 
5 
6 

Total 
implantations 

57 
6 

27 
43 
48 

Fetuses 
dead or r.esorbed 

No. % 

l 
l 
5 

43 
5 

' 1.8 
16.7 
18.5 

100.0 
10.4 

~ Animals were fed beginning on day 10 of gestation and sacrificed on day 21. 
'§! One part ground culture and three parts ground Rockland mquse/rat diet fed 

ad libitum. 
£1 C'Ul.tures fed by intubation as a single 4 g dose because of inpalatability. 
~ Ground Rockland mouse/rat diet fed ~ libitum. . 

Purified ochratoxin A was prepared as described by V-On Walbeek et al. (13) 
to determine· its effects upon fetal death and resorption. Ten-day pregnant 
rats were force-fed ochratoxin A in 0.5 M sodium bicarbonate solutions at 
.the rates of O, 6.25, 12.50, and 25.0 mg/kg boctr weight. Other 10-day pregnant 
rats were treated with 18 mg/kg dihydroisocoumarin (5-chloro-3, 4-dihydro-8-
hydroxy-3-methylisocoumarin-7-carboxylic acid), a metabolic breakdown product 
of ochratoxin (21). This dose approximates the amount of dihydroisocoumarin 
present in a 25 mg/kg dose of ochratoxin A. Purified ochratoxin A at all 
doses induced fetal death and resorption (Table 2), but its hydrolysis 
product, dihydroisocoumarin, had no effect at the dose utilized • 
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Fetal resorption in rats has been related to variO\lS compounds and factors 
(21, 22, 23, 24). Reports concerning mycotoxin-related fetal resorption are 
limited, however. LeBreton et al. (22) reported the induction of utero
placental hemorrhage an,9-· fetal death in rats injected intraperitoneally with 
300 µg aflatoxin B1 . · Aflatox_in B1 administrations have also been reported to 
induce fetal resorption, without apparent hemorrhage, in hamsters and mice 
(25). Butler and Wigglesworth, however, administered 1 mg of aflatoxin B1 orally to 180 gm Wistar rats, but fail~d ·to produce fetal resorption (26). 

Table 2. Influence of different doses of ochratoxin A and dihydroiso
coumarin upon fetal death in rats when administered by intubation 
as a single dose on di:l,y 10 of gestation. 

Dose 
·Treatment mg/kg 

Ochratoxin A~ 6.25 
12.50 

Dihydroisocoumari~ 
25.ooP.! 
18.oo 

Controis/ ·. o.oo 

· ·Pregnant 
anini.als 

No. 

6 
7 
7 
4 
7 

Total 
Inwlantations 

53 
'88 
49 
45 
35 

. Fetuses, 
dead or resorbed 

No. °/o 

13 24.6 
72 81.8 
38 77.6 

0 0 
3 8.1 

~ Ochratoxin A and dihydroisocouma.rin administered in 0.5 M sodium 
bicarbonate solutions. 

pJ Elev.en living fetuses and one resorption site were present in a single 
dam. All other animals administered at this.dose resorbed all of their 
fetuses. Another dam in this treatment group died within 48 hours of 
treatmeµt and embryos coUld not be counted because of massive utero
placental· hemorrhage with dissolution of fetuses and placentas. 

£! Controls receiv.ed 0.5 M so41um bic,arbonate solutions. 

The present investigations appear to be among the first to associate 
A. ochraceus and oc.hratoxin A with an important practical toxicological 
problem. · These findings may be. particularly important not only because of 
the economic :toss to dairymen, but because other lactating animals i.n the 
aporting herds ~e consuming the same feeds and the.ir milk is being sold for 
htmlfln consumpt;lon. It is not presently known if cattle can excrete ochra
toxin A or its roetab.olites in milk as is the case with aflatoxins (27). 

The present relationship between ochratoxin A-induced fetal death in rats 
and moldy hay-related abortion of cattle remains to be clarified. The large 
quantity of ochratoxin A necessary to duplicate dose-response effects in 
pregnant rats has not been available for dairy cattle stud;les. Preparation 
of ochratoxin A for this purpose is presently in progress. · 

12,13-EPOXYTRICHOTHECENES FROM MOLDY CORN 

Three major groups of nonestrogenic mycotoxins have been characterized from 
pure cultures of 2 and possibzy 3 of the 9 major species of Fusarium. 
Steroidal, unsaturated delta lactones (fusariogenins) have been identified 
from toxic overwintered grains and pure cultures of F. tricinctum (syn. F. 
poae, E:_. sporotrichioides) in the U.S.S.R• Mycotoxins from Fusarium have 
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not been identified.in toxic foods or feeds. Fusarium tricinctum, F. roseum 
and possibly F. nivale cultures associated with toxic moldy corn, rice and 
fescue h?-Y produc.e several different 12, 13-epoxytrichothecenes. Fusari um 
tricinctum cultures from moldy fescue hay also produce a toxic butenolide 
(4,acetaro.ido-4-hydroxy-2-butenoic acid a-lacto.ne) that has been suggested 
as a possible cause of fescue foot in cattle. Two other species (F. monili
forme and F. lateritium) produce unidentified toxins, and F. roseuiii, 
F. moniliforrne and F. tricinctum produce emetic factors associated with 
scabby barley. New-anaJ..ysis procedures may help to clarify the importance 
of these potent mycotoxins in human and animal health problems. The produc
tion of similar· mycotoxins by different species of.Fusarium (particularly, 
f · tricinctum, ~· roseum and ~· nivale) may also have considerable signifi
cance in the clarification of taxonomic relationships in this difficult group 
of variable fungi. 

To keep within my time allotment, I would like to confine my discussion today 
to the 12,13..:epoxytrichothecenes produced by Fusarium tricincturn from moldy 
corn. The development of toxicosis in farm animals a:t'ter ingestion of moldy 
corn (Zea mays L.) is an. irregularly occurring problem of long..:standing 
importance in the United States and elsewhere (~l, 28). The problem has 
become particularly important in Wisconsin and other Midwestern states in 
recent years, and severe outbreaks have occurred in association with the 
1962, 1964, 1965, and 1970 corn crops. Lesser outbreaks have occurred spo
radically in other years. These problems have been primarily associated 
with corn, late-to-mature, and high in moisture at the time of the first 
killing frosts (30). This corn, when stored in conventional cribs without 
artificial drying is o:t'ten quite moldy by early spring. 

Animal symptoms.--A variety of animal problems with a multitude of symptoms 
has been observed in association with ingestion of such moldy corn. A wide
spread part of .the symptom complex includes general digestive disorders in 
various farm animals accompanied by diarrhea, o:t'ten bloody, milk reduction, 
unthriftiness, lack of weight gain and general feed refusal. Cases of 
nervous twitchin~, encephalitis, or leuco-encephalomalacia and death are 
less cormnon, but occur occasionally. In still other cases, the death of 
the farm animals is not accompanied by obvious symptoms. Another major 
problem associated with ingestion of moldy corn is death of the farm animal 
as the result of massive hemorrhagic lesions in the stomach, heart, intes
tines, lungs, bladder, and kidneys. These symptoms probably constitute 
the hemorrhagic syndrome as described by Forgacs (31), Albright, et al. 
(32), and others (33). 

Toxin producing fungi.--A great diversity of fungi are present in moldy corn 
samples associated with severe animal toxicity. Although there was con
siderable variation in the species of fungi isolated from different samples, 
the most commonly isolated fungi included F. moniliforme, F. roseum, 
Epicoccum nigrum, ~· tricinctum, Trichoderma lignorurn, Cladosporiuro. herbarum, 
Alternaria tenuis, Tricotheciurn roseum. Papulospora sp., Acromoniella atea, 
~- versicolor, ~· flavus, ~· candidus, ~· fumigatus, Penicillium cyclopiuro., 
P. axalicum and members of the Mucorales. Some of these fungi have previously 
been recognized as toxin producers (34). 
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Pure cultures of these f'ul1gi from moldy corn were tested severa.1 weys to 
determine their toxin prod~~~ng· potential. when grown on various culture 
substrates over a re.nge 'of temperatures. Test animals included guinea pigs, 
rats, mice, cattle, chickens and ducks. Assa;y procedures included free 
choice oral feedings, force feedings-, skin tests and intraperitoneal 
injections. ·0ne of the most useful testing procedures made use of topically 
applied pure culture concentrates to the skin of unwounded,- shaved laboratory 
animals. Pure cult'ures of .contaminated moley feeds were first extracted 
with diethyl ether or eth:ylacetate. and after solvent evaporation the ·· 
remaining resi'd.ues resuspended in olive oil, acetone, etbylacetate or , ... 
dimethylsulfoxide were applied at approximately 5 mg per application. The · 
results of the skin assey ranged from a just noticeable skin reaction with 
the formation of a slight' scab' after 3 to 5 'deys to inflammation' . 
hemorrhage, and· heavy. scab formation in the same period. Application of: 
highly toxic conct;!ntrates often led to death in 48 to 72 hours with little 
or no noticeable skin response. 

It was interesting to find that of the many :fungi ~solated and tested for 
toxin production only a _limited number proved to be potent. toxin producers 
as determined by the skin test. · Although toxin-producing strains of 
Fusarium roseum, Trichothecium roseum, Fusarium moniliforme, Nigrospora sp., 
Epicoccum nigrum, Aspergillus flavus, Papu1ospora sp.; Aspergillus versicolor:, 
Trichoderma lignorum and others were present, clearly the most active· toxin, ; , 
producers were isolates of Fusarium tricinctum (Table 3}. " 

' ~ ". . -. . ' . 
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Table 3. Derrrial toxicity on albino rats of residues from ethyl acetate 
extracts of,fungus cultures from moldy corn. 

Isolates 
Fungus species tested -

Fusarium tricinctum 29 
Fusari um roseum · 11 
Tricothecitim roseum ' 1 

Fusarium moniliforme 10 
Nigrospora sp~ 4 
Epicoccum nigrum 2 
Papulospora sp. 3 
Aspergillus versicolor 1 
Trichoderma lignorum 3 

Number inducing!/ 
Severe 

reaction 
or 

death 

22 
0 
i 
0 
2 
b 
o' 
1 
0 

Mild . No 
reaction ~ reaction 

4_ 
'' 11 

0 
10 

2 
2 
2 
0 
2 

3 
0 
0 
0 
0 
0 
1 
0 

'l 

!} Values for dermal.toxicity were the averaged results from 2 treated. 
rats.· No reactions were obtained on rats treated with residues from. 
extracted sterile culture media. 

Factors influencing toxin production by Fusarium·tricinctum.--Research in our 
laboratory at the University of Wisconsin has been concentrated on the toxins 
produced by Fusarium tricinctum. _The fungus was among those most commonly 
isolated from corn associated with toxicity and appeared to produce large 
quantities. of a.potent toxin. Factors influencing toxin production by 
F.tricinctum were studied in detail in order to produce sufficient crude toxin 
for studies on the chemical structure of the toxins. 

Taxonomicaily, the F. tricinctum isolates from moldy corn appeared to be 
closely related to the organisms suspected of causing alimentary toxic aleukia 
in the Soviet Un.ion (35). As with other Fusarium species, F. tricinctum 
exhibits considerable variation between isolates, and indeed between single 
conidial isolates from the same source. All isolates, however, produced the 
characteristic lemon to pear-shaped microconidia diagnostic for F. tricinctum. 
Regardless of the source of the F. tricinctum isolate, most of the isolates 
produced toxic metabolites which-could be detected using the rat skin assay 
(Table 4). As with many other IJ\YCOtoxin-producing fungi, temperature and 
substrate markedly influenced the degree of toxin production (Table 5). Low 
incubation temperatures favored toxin production in liquid culture. At 
higher temperatures in liquid culture less toxin was produced and after long 
incubation, the-toxin was apparently degraded. 
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Table 4. Dermal toxicity of residues from eth.Yl acetate extracts of 
Fusarium tricinctum cultures on albino rats. 

Number inducingy' 
Severe 

reaction 
Number or Mild No 

Source tested death reaction reaction 

Field corn 17 16 1 0 
Sweet corn 12 6 3 3 
Carnation 2 2 0 0 
Oats 2 1 1 0 
Sorghum 2 2 0 0 
Wheat 2 1 1 0 
Fescue 1 1 0 0 
Grass hay 1 l 0 0 
Turf grass 1 0 1 0 
Cranberry 1 1 0 0 

!) Values for dermal toxicity were the averaged results from 2 treated 
rats. No reactions were obtained on rats treated with residues from 
extracted sterile culture media. 

Table 5. Effec~ 1of temperature on toxin production by Fusarium tricinctum 
(T-5 )!t 

Temperature (C.) 
Time 

Substrate (weeks) 8 14 20 

Cracked corn 1 1.5 2.5 2.5Y 
2 1.5 5.0 2.0 
4 5.0 1.0 1.0 

Gregories liquid 1 0 1.5 LO 
medium (mat) 2 2.0 2.0 1.5 

4 5.0 3.0 3.0 
Gregories liquid 

medium (broth) 1 2.5 3.0 4.o 
2 5.0 3.0 3.0 
4 5.0 2.0 2.0 

!/Toxicity determined by topical·applications of residues from dieth,yl 
ether extracted cultures on shaved albino rats. 

g/ Skin reactions: 0 =no reaction; 5 = death. 

Toxin purification and characterization.--Using the rat skin test as an assay 
tool with one isolate of~· tricinctum (B24 from moldy sweet corn), a purifi
cation procedure was developed which yielded a highly toxic crystalline 
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·product (36). This compound proved to be identical with a sesquiterpenoid 
1.~,15-diacetoxyscirp-9-en-3-ol or in more recent nomenclature 3-hydroxy-4,15-
diacetoxy-12,13~epoxyA9-trichothecene, which had previously been :lsolated 
and identified by Dawkins et al. (37), from ~· scirpi and ~· equiseti. 

A~er a time, isolate B24 lost its ability to produce extensive amounts of 
toxin and was discarded in favor of a more potent toxin-producing strain 
(T-2). From this strain of F. tricinctum a second pure crystalline toxin was 
isolated which has been called T-2 toxin. This compound was shown to be 
3-hydroxy-4,15-diacetoxy-8-(3-methylbutyryloxy)-12,13-epoxy-~9-trichothecene 
(38). When this latter strain of F. tricinctum was grown at temperatures 
above 20° C another toxic metabolite, 4-Desacetoxy T-2 toxin was produced in 
relatively large quantities above 20° C (39). 

Isolates of F. tricinctum also produce a still different toxin, a butenolide 
characterized as 4-acetamido,4-hydroxy,2-butenoic acid-y-lactone (4o). 
Apparently the ratios of the toxins produced by the T-2 isolate of F. 
tricinctum are dependent upon substrate, with high production of T-2 toxin 
taking place'on soybean meal, corn steep liquor media and with production 
of the butenolide on some autoclaved small cereals or rich agar cultures. 

l.\nimal studies.--The crude toxin from the T-2 isolate and the crystalline 
toxin when it became available were used in animal tests to determine dose 
effect and responses to the toxin. · Rainbow trout proved to be extremely 
responsive animals and the acute oral LD50 for the crystalline T-2 toxin was 
about 6.1 mg/k.g (41, 42). This figure w~s possibly too high because of 
losses in the water during feeding (41). · 

. In rats the LD of.the crude toxin (frozen dried cultures) was 160 mg/kg 
orally and for5~he crystalline toxin 3.8 mg/kg. The toxin in concentrations 
as low as 4 mg/kg produced striking pathological signs in rainbow trout 
fingerlings, notably a shedding of the intestinal mucosa and severe edema 
with fluid in the body cavities and behind the eyes. 

Very low concentrations of another group of nzy-cotoxins, the aflatoxins, at 
2 to 80 parts per billion in the daily diet, have been found to induce 
hepatoma in rainbow trout and rats. In view of these findings long-term 
feeding studies were performed with rainbow trout and rats to determine 
pathological responses of these animals to low doses of T-2 toxin, and to 
determine whether this toxin plays a role in hepatomagenesis. One thousand 
fish in each treatment received daily doses of 200 or 4oo p.p.b. of T-2 
toxin, respectively, in their diet for 1 year. No evidence of neoplasia 
or the development of hepatoma was found (42). Similar results were obtained 
in feeding trials with rats. Thus, long-term feeding trials with rainbow 
trout and albino rats indicated that T-2 toxin is not carcinogenic, at least 
in the concentration used in these experiments. Low doses of the toxin fed 
to rainbow trout over a period of 12 months actually had a small growth
promoting effect. Albino rats ·consumed up to 20 times the singie dose of· 
LD50 when the T-2 toxin was administered iri. low concentrations in their feed. 
over a period of 8 months. 
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The pronounced skin and epithelium tissue irritating 
properties of T-2 toxin at concentrations of 2 to 15 parts per million in the 
diet was evident, in that feeding such diets to albino rats resulted in 
severe inflammation of the~nose and mouth. This observation suggested that 
the T-2 toxin might cause skin cancer if applied to the skin in low doses 
over a long time period.. Application of various amounts of T-2 toxin to the 
backs of white mice, with and without subsequent applications of Croton oil, 
over a period of 10 weeks failed to induce any papillomas. The fact that no 
papillomas developed in any of the treatments suggests that this toxin is not 
a skin carcinogen. Thus, the evidence obtained from long-term low-dose feed
ing trials with rainbow trout ·and albino rats, as well as from the mouse
papilloma studies, indicates that T..:2 toxin is noncarcinogenic. This is in 
striking contrast to the aflatoxins which are potent liver carcinogens at 
extremely low concentrations. 

Sublethal doses of crude T-2 toxin in rats resulted in increased clotting and 
prothrombin times up to 8 hours or more a~er treatment. Heart rates and 
amplitude increase slightly following oral toxin administrations then drop 
sharply below normal follow~d by another and greater increase. A~er 6 hours 
the heart rate slowly declines to death. The T-P/interval second follows the 
reciprocal of this relationship. Respiration in rats following a lethal dose 
of T-2 toxin develops the same patterns over time as seen in the ECG response. 
Rates decline for 3 hours following administration then increase above normal 
between 4 and 6 hours. Seven hours a~er toxin administration, a decline in 
respiration is noted which continues to death. Intravenous administration 
of crude T-2 toxin produces essentially the same effect upon the rat's heart 
rate as seen in oral administration. The initial drop and sudden increase, 
however, develop within 1 hour instead of the 4 hours required for oral 
administration. In the same trial, blood pressure in .the treated animal 
follows the same pattern. 

Metabolic rates in fasted and nonfasted rats receiving a single oral adminis
tration of crude T-2 toxin at the rate of 100 mg/kg were strikingly different. 
Metabolic rates in animals fasted for 2 days prior to receiving toxin declined 
rapidly and the animals were dead in 48 hours. Metaboli.c rates in nonfasted 
animals declined for 1 to 2 days, but later increased to normal. None of the 
nonfasted animals died. 

Occurrence of T-2 toxin in nature.--Determinations of the chemical nature of 
F. tricinctum toxins were mostly completed by 1968, but proof of the occurrence 
of these 12,13-epoxytrichothecenes in nature was still lacking. Absence of 
further disease outbreaks frustrated attempts to.discover methods for their 
detection in natural toxic mold feeds. This past April we began to see 
evidences of another toxic moldy corn outbreak.· In the dairy farm selected 
for study, approximately 200/o of the milking herd had died with severe 
hemorrhagic disease following prolonged ingestion of moldy corn as a part of 
their diet. Cultures of this moldy corn indicated the presence of 4.5 x 103 
propagules of E· tricinctum/gram of moldy corn. Ethyl acetate extracts of 
the ground corn when applied to shaved rats gave severe skin reactions, 
equivalent to approximately 2 mg of pure T-2 toxin. This would mean that the 
animals were consuming-the equivalent of 40 mg T-2 toxin/day/cow. Vecy recent 
purification studies along with GLC and mass spectroscopy have positively 
confirmed the presence of T-2 toxin in the corn at a concentration of 2 mg/kg 
corn (43)·. 
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MYCOTOXINS 

C. M. Christensen, Prof. of Plant Pathology, University of Minnesota 

Mycotoxins are toxic metabolic products p·roduced by fungi. They have 
been of great concern since about 1961 when aflatoxin, the firstmycotoxin 
of known economic importance to be identified chemically, was shown to· 
have been responsible· for the death· of large numbers of poultry in England. 
Because of- the many accounts of mycotoxins now available, the present· 
one will consist mainly· of a brief summary of some of the more important 
mycotoxin problems in cereal grains and their products. Much of what · 
follows is condensed from a recent review (Christensen, 1971). 

Books and Reviews on Mycotoxins 

Ciegler and Lillehoj (1968) list 15 reviews and symposia proceedings puplished 
on mycotoxins in the six year period from 1962 through 1967. Additional 
ones ·have been published since by Hesseltine -(1969) and Christensen (1971); 
Meyer (1970) lists more than 1200 papers dealing with aflatoxin alone in 
the decade·. from 1960 to 1970. · Of the books dealing with the subject, ~
toxins in Foodstuffs (Wogan, 1965) is a compilation of papers presented at · 
a symposium held at the Massachusetts· Institute of Technology in 1964. The 
major emphasis is on aflatoxin, but· chapters are devoted to alimentary toxic 
aleukia in man, facial _eczema in ruminants, toxic moldy rice, Stachyboyryotoxicosis, 

·toxins '.produced.by Penicillium islanditum, and to various aspects of fungi on 
stored grains and- on other foods. Moisissures Toxiques dans l'Alimentation 
by Moreau (1968) summarizes the information on the mycology, pathology· and . 
chemistry· of. all the 'major -and minor mycotoxins and mycotoxico'ses; it has-
1403 ·references. Aflatoxin, Scientific Background, Control, and Implications 
(Goldblatt, 1-969) consists of -thorough monographs by outstanding authorities 
on the major aspects-of aflatoxins and aflatoxicoses, with one chapter devoted 
to o·the-r mycotoxins; it is required reading· for anyone interested in the 
subject. Toxic -Micro-Organisms: Mycotoxins ~Botulism (Herzberg, 1970) is·· 
the proceedings of the U.S.-Japan conference on these subjects in 1968; 221 
pages are devoted to mycotoxins,and the·book is especially valuable both 
for the overall view of mycotoxins ·in general; and for the summaries of · 
research on:specific problems. 

MAJOR MYCOTOXINS AND MYCOTOXICOSES 
Aspergillus flavus and aflatoxins 

!.· flavus is a· group species, sometimes designated !· flavus-oryzae. Raper 
and Fennel (1965) include· 11 species in the· group, most of which are not 
sharply delimited from _one another and each of which probably contains an 
almost infinite;number of varieties or races that differ from one another 
physiologically. Actually, !· parasiticus Spear, with the !· flavus or A. 
flavus-oryzae group, probably is a more common and more potent producer of 
aflatoxin than is A. flavus Link •. -

Occurrence of A.· flavus innature 

A. flavus, like many other·kinds of microbes, is almost. ubiquitous. It 
occurs commonly in decaying· vegetation of all kinds throughout the world .. 
If grains, seeds, or· other- plant materials are stored at moisture contents ·and 
temperatures that favor the growth of A·· fl'avus, it almost· inevitably will 
develop from inoculum naturally present. 
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Materials in which alf atoxins have been found 

Barker et al. (1966) ._list the following in whi_ch aflatoxins have been 
found: Cassava, coco·a, coconut, corn,. cottonseed meal, fish meal, peanuts 
and peanut meal, pea·s-, potatoes, rice, sake, soybeans, and wheat. Large 
concentrations of aflatoxin have been. found in Brazil nuts and copra; one 
would expect to find aflatoxin ocq1sionally in almost anything in which 
!· flavus grows, and, as indicated above, that includes.well-nigh all 
plant parts and plant products •. It also includes many animal products. 
Bullerman, et al. (1969A, 1969B) inoculated various kinds of meats with .. 
aflatoxin-producing strains of.!· flavus and !· parasiticus, incubated them 
under conditions favorable to the growth of!· flavus, and detected con
siderable amounts of aflatoxin in the meat. Some meat products are aged 
under conditions that permit rather profuse development of various fungi, 
especially species of Aspergillus and Penicillium. 

Since about 1965 investigators at the Northern Utilization and Development 
Laboratory, USDA, ARS,. at Peoria, Illinois, have .carried on a program of 
testing samples of grains and seeds from commercial channels for aflatoxin. 
The following quotes from Shotwell et al.. (1969A, 1969B, 1970) summarize 
some of their .results: "Very low levels of what appeared to be aflatoxin 
(2 to 19 ppb) were detected by TLC 'in a total of 9 out of 1368 assayed 
samples of wheat, grain sorghum and oats. Samples that were positive by TLC 
were in the poorest grades. None of the results obtained by TLC was definitely 
confirmed by the duckling test, the sensitivity of .which was 1 to 2 ppb." 
Anci, "Of the 1311 corn samples -assayed, 35 contained aflatoxins, primarily 
B-1, by TLC. Tests in ducklings confirmed the presence of aflatoxin in 30 
of these positive samples. The 30 definitely positive samples contained 
aflatoxins.at very low levels and were in the poorer grades (5 and SG). 
Levels of aflatoxin B-1 ~ere -3 to 19 ppb, and the :Evels of G--1 in the five 
samples in.samples in which it was detected were 2 to 8 ppb. Our results 
indicate that the factors used to grade these samples would probably 
exclude from the food markets samples likely to contain aflatoxin." And, 
"According to recent publications, the levels at_ which we detected aflatoxin 
in corn and soybeans would not be injurious to swine or cattle." · There is". 
always the chance, of course, that conditions in.a given bin or tank of 
grain will become favorable for vigorous development of A. flavus, with 
resulting production of large amounts of aflatoxin. 

Krogh and Hald (1969) found aflatoxin in 86.5% of 52 samples of peanuts and 
peanut products· (whole- nuts, . meal and cake) imported into Denmark from 10 
countries. One sample contained 3465 ppb. They stated, "As a direct. 
consequence of these results the Danish Ministry of Agriculture in the full 
(of) 1968 for use in feed manufacturing prohibited import of groundnut pro
ducts which contain more than 100 ug aflatoxin per kg.'' 

Conditions that favor growth of !· flavus and production of aflatoxin 

A moisture content in equilibrium with a relative humidity of -85% is the 
minimum required for growth of A. flavus and for production of aflatoxin. 
(Davis & Diener, 1970; Diener &-Davis, 1969; Sanders et al.,:1968) ... This.is 
a moisture content-of about.18.5%, .. wet weight basis, in starchy cereal seeds 
such as maize, wheat, sorghum, and rice, and with a moisture content of about 
8% in peanuts and sunflower.seed "meats." The· optimum temperature for 
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aflatoxin production is about 27 C, with 12 C the lower limit and 40 C 
the upper limit. Under optimum conditions some aflatoxin may be produced 
within 24 hours, with maximum production in four to 10 days. Not all 
strains of the A. flavu~ group produce aflatoxin, but strai~s which are 
capable of producing the' toxin are conrrnon. Boller and Schroeder (.1966) 
tested 284 isolates of A. flavus from rice; mainly from Texas, and 268 
of these, or about 94%,-Produced some aflatoxin, and 86 isolates, or 33%, 
under the conditions of_their tests produced more than 10,000 ppb .. 

Effects of aflatoxins on animals 

Aflatoxin B-1 is said to be the most potent hepatocarcinogen known (Bu~er; 
1965). If consumed in amounts too small to cause obvious lesions it may 
result in slower than normal growth rate; in larger amounts it may cause 
various lesions, especially in the liver, and consumed in still larger 
amounts it may cause death. 

Amounts of aflatoxin needed to cause injury 

Different kinds of animals differ in their sensitivity to injury by afla
toxin. Rainbow trout and ducklings .are very sensitive, and a ration containing 
less than 50 ppb of aflatoxin when consumed by them will re_sult in_ liver 
cancers (Halver, 1965; Carnaghan, 1965)~ Rats are relatively resistant to 
injury by aflatoxin, yet a diet containing only 15 ppb of aflatoxin B-1 fed 
constantly resulted in a high incidence of liver cancer (Wogan & Newberne, 
1967). Muller et al. (1970) fed 0.5, 1, 2, and 4 mcg of aflatoxin B-1 to 
chicks, duckling~, pheasants, goslings and turkey poults and stated, "The 
order of sensitivity from greatest to least was ducklings, 'turkey poults, 
goslings, young pheasants, and chicks. Chicks proved relatively resistant 
to aflatoxin injury." And, "All ducklings and turkey poults receiving.the 
1, 2, and 4 mcg/g diets died by the time of the termination of the trial and 
therefore, they were the most severely affected species." There is other 
evidence that different· breeds of chicks differ greatly in susceptibility to 
injury by aflatoxin, and so the place of chicks in the above order of sensi
tivity probably would depend on the breed used in the tests. Keyl et al. 
(1970) fed different amounts of aflatoxin to swine for 120 days and~o~ 
Hereford beef steers for 4.5 months and found no evidence of any toxic effects 
in swine fed less than 233 ppb, or in beef fed less than 300 ppb. They also 
fed diets containing aflatoxin to dairy cattle, and found that within 72 
hours after feeding of aflatoxin had ceased, no more aflatoxin was excreted 
in the milk. 

Methods of detection of aflatoxin 

Positive detection of aflatoxin in any material requires chemical extraction 
by suitable solvent systems, purification by silica gel column, isolation 
by thin layer chromatography, and confirmation by infrared spectrometry plus, 
preferably, additional confirmation by duckling, fertile egg, or other 
biological test. Modern chemical tests a~d procedures are described by 
Campbell (1970), Pons and Goldblatt (1969), and in the Official Methods of 
Analysis for the Association of Official Analytical Chemists (1970). Biological 
confirmatory tests are described by Legator (1969) and Brown (1970). 
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Control of aflatoxin 

Aflatoxins are not destroyed by the temperatures of ordinary cooking 
or the heat t>roce?sing of home or commercial canning. They can be 
inactivated or detoxified microbiologically (Ciegler et al. 1966) 
or chemically (Doiiear 6 Gardner (1966) , but the processes are not 
commercially feasible for most materials, and it is generally agreed that 
the best control is to harvest, store, handle and process the raw 
materials and finished products of foods and feeds in ways that wil.l 
prevent invasion by~· flavus. Theoretically this should not be difficult, 
but it is much easier said than done. Even in the United States, for. 
example, where long experience has been accumulated in. the storage and 
handling of grains and seeds, and where facilities are available for 
monitoring of temperatures throughout stored bulks of grain, for.aeration 
to maintain uniform and low temperatures, and for accurate measurement of 
moisture content, spoilage from invasion of grain by storage fungi, including 
!· flavus, is relatively common. As indicated in the previous section 
with storage, many practical grain men still are unaware that fungi cause 
spoilage. In the less developed countries, and especially in regions of 
high rainfall and intermittent or regular high humidity, with few facilities 
for protective storage and handling, and little knowledge of the processes 
of spoilage or of the hazards involved, the aflatoxin problem is likely to 
be much greater than it is in the U.S. Along with careful storage, of 
course, must go more or less constant surveillance to make sure that afla
toxin contamination in foodstuffs and feedstuffs is kept as low as possible. 
It seems likely that eventually materials will be routinely assayed for 
aflatoxin by sampling and testing programs such as have been developed to 
detect Salmonella. With relatively high-risk materials. such as peanut 
products, cottonseed meal, copra and fishmeal, it would seem only sensible 
to test shipments before they are accepted or before they are processed. 

Other toxin-producing species of Aspergillus 

Aspergillus ochraceus and ochratoxin.-Some strains of A. ochraceus produce 
ochratoxins (Theron et al., 1966) which are about as t;-xic as aflatoxins. 
!· ochraceus seldom is found in more than a small percentage of kernels even 
in lots of grain that are undergoing deterioration (Christensen, 1971), 
although isolates of it capable of producing ochratoxin were common in black 
pepper (Christensen et al., 1967). One sample of corn, out of 283 tested, 
contained ochratoxin in the amount of 110-150 ppb, and that one was of Sample 
Grade (Shotwell e~ al., 1970). There are no other published reports of 
ochratoxin having been found in food or feedstuffs, but relatively few s 
have been tested for it, especially samples of products that have undergone 
some incipient deterioration and that might be expected to contain it. 

A number of other species of Aspergillus have been found to produce toxins 
in the laboratory (Austwick, 1965; Feuell, 1969; Reiss, 1968) and according 
to one of these authors (Feuell) there have been occasional outbreaks of 
disease in animals. associated with the consumption of feeds heavily invaded 
by one or another of these species (and m.ost probably by a number of other 
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species as well) but there is no hard evidence to enable us to· state 
conclusively that a given syndrome in a given kind of animal is the 
product of consumption of. feed- invaded by a given specles or combination· 
of species o{ these f'ungi. Production :of toxins by combinations of· . 
species of fungi eith~r growing together' o·t following 6ne another in the 
succession: that occurs frequently in 'nature has riot been much investigated, 
but ft. probably should be. It° ·couid be· terrifically tomplex. 

- . . ' .:- . . ·. 

Penieiiiium toxiris and tcixicoses ;:..:Many workers from before 1900. on ha've 
shown that several species of Fenicillflim when grown in· pure culture in·· 
the i'ab6ratc»ry produce materials that are extremely toxic to aninials. . 
Uraguchi (1969) presents strong circumstantial· evidence that acu.te cardiac 
beriberi in man may. result from ingestion of the toxtn citreo.;..vfridin 
produced by P. toxicarium·.Miyake (= P. citreo-viride.Biorge)g.rowing in rice. 
He states that the high incidence of-this disease in Japan decreased 
abruptly in 1910, a year before the discovery of vitamins and nearly 10 
years before their use in preventive medicine; _in that year a program of rice 
inspection was widely adopted in ·Japan and, as a result, moldy ·rice was· 
fairly well· excluded. from coriim.ercial channels. Recent papers ·concerning· . 
toxins produced by species of'Penicillium, by means of which those interested 
can 'trace back the older literature, are those by Carlton et al. (1970) and 
Uraguch':i (1969); Burnside et al. (1957) and Krogh and Hasselager (1968) 
established with' a high degree of probability· the cause and effect rela.tionship 
between feed .invaded by a given species ·of Penicillium and·a disease in 
swine - in the .latter· case, "fungus nephrosis", which has been recognized for 
some decades. in Denmark ·as being widely distributed ari.d of high incidence 
in swine herds after wet harvests. Penicillium is cormnon in many samples of 
feeds, and is predominant in some, and occasionally it occurs as a practically 
pure culture in the germs or embryos of.damaged (decayed) ~ernels of corn, 

Fusarium toxins and toxicoses.-Several species of Fusarium are common in 
grains and in other plant products and are known to produce potent toxins. 
At least two of these species have been associated with disease syndromes 
in man or in domestic animals. 

F. tricinctum toxins and toxicoses.-Joffe (1965) reported outbreaks of 
alimentary toxic aleukia in the Orenburg District of Russia, in the USSR, 
from 1942 to 1947, that of 1944 being especially severe, with more than 10% 
of the population affected, and many deaths. The cause was traced to consumption 
of grain, especially millet, that had overwintered in the field and had become 
infected with a variety of potentially toxigenic fungi. Joffe provided strong 
circumstantial evidence that the specific fungus primarily responsible for the 
toxicosis was£· sporotrichioides(in the Snyder and Hansen system of classifi
cation of species of Fusarium this is synonymous with F. tricinctum - see 
Snyder & Hansen, 1945). Smalley .et al. (1970) reported that F. ~ricinctum 
was one of the most frequently isolated fungi from corn associated with 
toxicity in domestic animals in Wisconsin. Of 29 isolates of F. tricinctum 
that they tested for toxicity to rats, 22 caused severe reactions or death. 
From one strain of the fungus grown in the laboratory they isolated and 
purified a compound which, when given orally, had an LD50 of 3.8 mg/kg (=3.8 ppm) 
for rats. This compound has not been detected in field samples at present 
writing (its most likely place and time of occurrence would be in corn stored 
on the cob in cribs, in winter) but there is every reason to suppose that it is 
involved in field cases of illness in domestic animals. 
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Fusarium roseum and the estrogenic syndrome.-F. roseum growing in corn · 
may produce toxic compounds that, when consumed by swine, result in.· 
development· of the estrogenic syndrome. This is character.ized, in the 
female pigs, by swollen·, inflamed vulva, prolapsed rectum, ·infertility, 
and abortion, andin the males by atrophied testes and enlarged mammary 
glands. In both males and females consumption of corn invaded by F-2 producing 
strains of the fungus may result in greatly reduced weight gain (Nelson 
et al.~ 1965). · A specific toxin,. designated F-2, has ·been implicated (Mirocha 
et al.' 1969), but it seems highly probable that" several other and as yet 
unidentified toxins are produced by the fungus at the same time that .F-2 
is ·produced. Conditions for the production of the F-2 toxin.are outlined 
b~ Eugenio et al. ~970). 

Other mycotoxins 

The additional known mycotoxicoses are: Facial exzema in sheep (and to a 
lesser extent in cattle) in portions of New Zealand (and to a lesser extent 
in portions. of Australia), due to consumption of dead forage containing 
large numbers of spores of the fungus Pithomyces chartarum (see Brook, 1969); 
the slobber syndrome, primarily in cattle, resulting from ingestion of red 
clover forage infected with Rhizoctonia leguminicola (see Ciegler and 
Lillehoj, 1968); and Stachybotryotoxicosis, resulting from consumption of 
straw invaded by Stachybotrys atra and which occurs primarily iri horses in 
the USSR and in eastern Europe ·(see Forgacs .arid Carll, 1962). 
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INFLUENCE OF BENTONITE IN LIVESTOCK RATIONS 

D. E. Otterby 
Department of Animal Science 
·~·· University 6f Minnesota 

Bentonites are clays that contain larg~ amciunts of montmoril l inite minerals. 
Although bentonites are found in many parts of the world, the term was first used 
in reference to the highly colloidal clays located in the Cretaceous beds near 
Ft. Benton, Wyoming. Montmoril\inite appears to be the dominant clay mi.neral, 
though i llite·and kaolinite may be found in amounts varying up to 50% in some 
bentonites. Nonclay minerals may be present, but usually in amounts of less 
than 10%. The chemical analysis of Wyoming bentonite is given in Table l (Searle 
and Grimshaw, 1959). 

Bentonites have the ability to absorb water and to swell to many times their 
original volume (Grim, 1968). This is due to the unique lattice structure and 
to the ion-exchange capacity of the materia.l. ca++ appears to be most abundant 
ion in many bentonites; however, the bentonites of Wyoming and South Dakota carry 
Na+ as the most abundant ion. These bentonites have an especially high swelling 
capacity and are highly colloidal. There are bentonites that also carry K+ or 
H+ as the dominant ions. Mg++ is usually present in small amounts and is found 
more frequently when ca++ is the most abundant ion. 

Bentonites have been useful in many commercial processes such as in the 
decolorization of oils, in paint manufacture, in preparation of oil-well 
drilling muds and bonding molding sands, in the manufacture of ceramics and in 
other uses. In the feed industry, bentonite has been used in pelleting of 
feeds. The properties vary with different bentonites; thus, a particular 
bentonite may be fitted for some uses, whereas for other uses another bentonite 
may be deiirable. 

During recent years a number of reports have appeared dealing with the use of 
bentonites in livestock feeds and their effects on nutrient utilization and 
animal performance. In this paper ah attempt has been made to briefly review 
some of those reports. 

Small but discernible effects have been observed in utilization of some 
nutrients when bentonite was included in the diet. Almquist~ 2..l· (1967) observed 
that turkeys fed rations containing l and 2% bent on i te showed increased· utilization 
of nitrogen, fat and nitrogen-free-extract. Weight gains were not affected, 
but feed-gain ratio improved slightly. In the~e trials an overall improvement 
in retention of 3.5% of the metabolizable calories was calculated. Improvement 
in feed-gain ratio was about l.5%. 

Kurnick and Reid (1960) observed that the addition of bentonite to low energy 
diets for chicks resulted in an increased growth rate. Growth rate was not 
improved at higher energy levels and feed conversion was not affected. Increased 
feed intake or increase in feed passage time was offered as explanations for 
the improvements on the lower energy diets. 

When bentonite is added to the ration at relatively high levels, growth may 
be depressed. Day et 2..l· (1970) offered rations containing 0, 5 and 10% calcium 
bentonite to chicks. They observed lower gains, somewhat more feed/unit gain 
and a lowered caloric efficiency when chicks were fed bentonite at the 5 and 
10% levels. In a subsequent experiment, levels of l to 3% bentonite were fed 
to broilers. A slight improvement in gain was evident at these lower levels 
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of bentonite feeding. 

Quisenberry and Bradl,ey (1964) have indicated that addition of 2 1/2 and 5% 
sodium bentonite to layer rations decreased problems with excessive moisture in 
the droppings and consistently resulted in slight improvements in feed efficiency. 
The authors concluded that bentonite may be useful in cage layer operations 
where wet droppings are a problem. 

Some unfavorable effects of bentonite on vitamin A utilization have been 
indicated by some workers. Briggs and Fox (1954) showed that 5% behtonite 
in purified diets severely depressed growth and resulted in a high mortality 
rate. Gross A deficiency symptoms appeared within two or three weeks after 
the chicks were first offered the d"iets. Dietary fat and particle size of 
bentonite may have been factors promoting the destruction of vitamin A. 
Deficiency symptoms were not observed in the absence of fat and when particle 
size of the bentonite was 90 mesh or larger. No vitamin A deficiencies w~re 
observed when practical type diets supplemented with bentonite were fed. Blakely 
et E..!_. (1955) reported that 1,2 and 5% bentonite in diets for turkey poults did 
not affect weight gatns or produce vitamin A deficiency symptoms. 

Laugh land and Phi 11 ips (1960) also have observed that sodium bentonite decreased 
the avai !ability of vitamin A. In addition~ liver stores of vitamin A were 
reduced when sodium bentonite was present in a ration supplemented with 
preformed A or with dehydrated cereal grass. However, the reduction in liver 
stores was decidedly ~ore in the chicks.that received the dehydrated grass~ 

Erwin et~- (1957) found that .75 g of sodium bentonite completely bound 
80 mcg of carotene in vitro. Increasing the pH from neutrality or slight 
acidity to alkalinity did not effect a release of carotene. In another study, 
8.9% of the_ carotene and 11% of the pigments of alfalfa were bound by bentonite 
in vitro. No significant differences were observed in liver stores of vitamin 
A and carotene in steers fed an all pelleted ration containing 25% dehydrated 
alfalfa. Apparently, the amount of carotene and other pigments present in 
the ration prevented any reduction in carotene or vitamin A stores in liver. 

Erwin and ~ssociates (1957) noted no adverse effects on performance of ste~rs 
when 3% bentonite was fed, but no significant ·increases in rate of gain, feed 
efficiency or digestibility of crude fiber or dry matter were observed.· Burkitt 
(1969) fed steers pelleted rations in which bentonite was included at levels of 
0, 2% and 2% plus free-cho·ice feeding. Cattle fed bentonite seemed to 11come up" 
on feed fa~ter. ·Cattle receiving no bentonite ate soi 1. Those consuming rations 
containing 2% bentonite only ate some soil, but those steers that were fed the 
ration with 2% bentonite and had free access to bentonite consumed no soi 1. 
Initial gains were superior for steers receiving bentonite; however, in the 
later stages of the 94~day trial, those steers on the control ration gained 
faster. Overall there appeared to be increased gain and.feed efficiency for 
steers receiving bentonite. Free-choice consumption amounted to about .68% 
of the ration. 

Vetter and Gay (1967) fed 800-lb steers rations containing bentonite in a 119-day 
trial. Steers fed bentonite gained about .2 lb more per day than controls, but 
the ~ifference was not significant. Feed efficien~y and carcass grade did not 
differ. The experimental animals ate 2 lb more feed per day and were easier 
to maintain on full feed than controls. 
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Jordan (1953) found some improvement in gains of lambs fed bentonite but 
another study conducted-by Jordan did not support the previous findings. 
Lambs fed bentonite were ea~ier to maintain on- feed. 

·~ 

Bentonite may be useful :in mai'ntaining test of milk, when 'mi lkfat depressing 
rations are fed to dairy c~ttle. Wiscon~in workers have conducted a ~eries of 
experiments ·on the use of bentonite in dairy cattle rations. When 5% bentonite 
was included in a fat depressing ration, test was maintained at 80% of normal 
(Bringe and Schultz, 1969). The fat_depressing ration w~thout bentonite 
reduced test 1.6 percentage units. In a second trial (Rinsdig et fil., -. 1970)
bentonite·was. in.cluded'_in the concentrate at levels of 5 and' 10%. After a 
normal ration had been fed for four weeks, the fat depressing ration which -
consisted of 75% of a pelleted corn-soybean ~ixture and 25% hay was offered 
to three experimental groups for six weeks. Then, during the following six 
weeks, 0, 5 and 10% bentonite was included in the fat ·depressing rations. ' 
During the fat depressing 'period, test was reduced from approximately 3.0% 
to between 1.8 to 2. 1% for the animals in the three groups. When bentonite 
was included in the diet, fat test increased from 1.8 to- 2.6%. These values 
were 87% of the tests obtained during the normal feeding period and 144% of 
the tests on fat depressing rations. 

As expected, the fat depressing rations reduced the proportion of rumen 
acetate and increased the proportion of propionate. The addition of bentonite 
restored the acetate/propionate ratio to near that of the normal period. Rumen 
pH was not signific~ntly affected by any of the experimental treatments. 
Bentonite has a pH of about 9.0 in aqueous solution. But tn these trial~, no 
changes in pH of rumen fluid were observed. 

Blood acetate was maintained at a higher level for those cows rece1v1ng 
bentonite. Plasma fr~e fatty acids, triglycerides, and glucose were not affected. 
Blood ketones appeared to be decreased in cows fed the fat depressing ration 
over the entire experimental period. 

In a subsequent study, Rinsdig and Schultz (1970) determined nitrogen and 
mineral balances of cows receiving rations with and without bentonite. Although 
apparent crude protein digestibi Ji ties were reduced when bentonite was fed, 
urinary nitrogen was less for cattle fed bentonite than for controls. Nitrogen 
reteniion was slightly highe~, though not significantly so, for the experimental 
group. These investigators postulated that rumen NH4+ was maintained more 
uniformly because of the ion-exchange capacity of the bentonit~, therefore less 
nitrogen appeared in the ~rine; however; more of the nitrogen was probably 
11 bound 11

, thus the increase in fecal nitrogen. 

The study also -indicated that mineral balance may be affected by the addi_tion 
of bentonite to rations. Calcium, phosphorus and magnesium balances were all 
reduced when bentonite was added to the ration at 5 or 10% of the concentrate. 
The increased magnesium e~cret~on appeared to be by the urinary route, whereas 
increased calcium and phosphorus were found in the feces. In addition, urinary 
sodium was increased. Of the reductions in mineral balances, only phosphorus and 
magnesium balances were significantly different from control-values. However, 
it appears that when bentonite is used at the levels of these ~xperiments, 
additional mineral supplementation may be ~ecessary. 

Bentonite also has been added along with nonprotein.nitrogen ~ources to corn
si lages of varying maturities (Everso~ et al., 1970). Nitrogen distribution 
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and seepage losses were studied. Bentonite was effective in reducing seepage from 
laboratory silos containing si !age of medium dry matter. More total nonprotein 
nitrogen, ammonia-nitrpgen, protein-nitrogen, urea-nitrogen was found in silage 
containing 1% bentonite-and .5% urea than silages containing only urea or urea 
and lower levels of bentonite. When diammonium phosphate was used, more protein 
was found in si !ages with .1% bentonite thah in those with none or lower levels. 
N6 feeding trlal ~ata or work with large upright silos was reported. 

In summary, available reports suggest that bentonites may be beneficial in 
livestock feeding under some conditions. Bentonite may be of use in diets of 
dairy ~attle where pelleted or finely ground complete feeds are offered. 
The use of bentonite in ~tarting and m~intaining cattle on feed ma~ be beneficial. 
The effects on gai~ and efficiency of gain appear to be variable though there 
has been some positive response in some trials. The effects of this material 
on vitamin A and carotene avai Jabil ity, nitrogen ~ti lization and mineral 
balance are such that some alterat~on in supplementation, parti~ularly of minerals, 
may be required. More research is needed on the use of bentonite in livestock . 
feeds and its effects on nutrient utilization and animal productivity. 
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TABLE 1. Chemical Analysis of Wyoming Bentonite 

% 

Si02 49.40 

Al203 20.40 

Ti03 0.40 

Fe203 3.70 
-
FeO n.d. 

MgO 2.55 

Cao· 1.80 

Na20 c· o.43 

K 0 2 1. 12 

H20 (moisture) 5.QO 

H20 ( 1 OS t at 900°c) 15. 15 

Adapted from Searle and Grumshaw (1959) 



25.-HYDROXYCHOLECALCIFEROL AND MILK FEVER 

Michael F. Hutjens 
Assistant Professor 
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. . 
Milk fever (parturient paresis) Is a production problem common among high 
pr~ducing dairy cows. ~ 1970 survey in Wisconsin revealed a ievel of eight 
percent incidence in dalry herds (2) •. The mortality rate of untreated cases is 

.about seventy percent (8~ 12) •. A numbet of parturient paretic cows fail to 
respond to twb or ~ore treatments with calcium borogluconate and are classified 
as "downer, cows". Dairymen continue to be interested-i.n an effective preventa
tive and treatment of milk fever becaus~ of the tost of treatment, loss of cows 
that progress into "downer cow syndrom", and· loss in milk production. 

ETIOLOGY OF MILK FEVER 

Milk fever usually o6curs shortly before or after ~arturition and is caused by 
a sudden decline in blood calcium (8)~ 

Table 1. Blood Plas~~ Levels -0f Calcium, Phosphorus, and Magnesium (2,8). 

Calcium 

Phosphorus 

Magnesium 

Normal Cow 

.· 9~9. 

6.1 ' 

1.9 

Normal P6st Part~rient' 
mg. % 

7.6 

3.9 

2.2 

Milk Fever 

4.8 

2.1 

2.9 

The name milk fever ii a misnomer as body temperature is normal or subnormal (12). 
The symptoms exhibited .by the cow are weakness, hyperexcitability, and 
incoordin~tio~. Characteristically, the head is turned toward the udder, ears 
and muzzle are cbol td the touch, and the cow is unable to stand or refuses to 
attempt to stand. ·. These. signs are due to the loss of muscular tone resulting 
from. low blood calcium. The smooth muscle also is impaired as evidenced by 
decreased intestinal.movement and lack of. defecation and urination. If not 
treated within several hours, the cow will progress into a coma and die (8, 12, 
17). . . 

Miller (12) summarized ~e~eral established facts concerning milk fever and 
caliium metabolis~: 

l. Susceptibility to mi!k fever is gerietically related with a higher incidence 
among the Jersey breed~ 
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2. Once the cow develops milk fever, she is prone to reoccurrence in subse
quent lactations. 

3. Frequency of th~·disease increases with age and lactation number. 

4. Incidence of milk fever is influenced by diet. 

5. Sources of plasma calcium are absorption from the intestine and bone 
resorption; both decrease with·age. 

6. Calcium homeostas.is is un.der hormonal control. Parathyroid, thyroid, 
and growth hormones increase plasma calcium levels while thyrocalcitonin, 
estroge_n, and corticoid hormones lower plasma calcium levels. 

7~ Vitamin D is necessary for calcium absorption. 

One of the major changes occurring at parturition is the onset of milk produc
tion (12).· Milk contains about 0.12% calcium and colostrum is even richerat 
0.17%. Thus, fifty percent of the plasma calcium may be secreted into colostrum 
pe~ hour. This sudden drain may be one of the important factors leading to the 
paretic cow. The elevated magnesium plasma levels are regarded as a secondary 
effect. These observed plasma calcium, phosphorus, and magnesium changes are 
similar to normal parturi~ion trends, though more drastic (2, 12) •. 

Parathyroid insufficiency may be a_nothe;r- factor affecting .the maintenance 
of calcium balan~es and the o~set of milk fever (12, 13). Following the dry 
period when the parathyroid is relatively inactive, sufficient hormone may not 
be secreted to mobilize the required calcium. However, injection of parathy
roid hormone will neither cure nor prevent milk fever. Histological investig
ation~ of"the ~arathyroid suggest that the theory is unfounded (13). 
Parathyroidectomy of cows does not necessarily result in milk fever at subse
quent parturitions (12). Other hormones may counteract the effects of PT 
depressing blood calcium (13). Impaired calcium absorption from the intestine 
has been suggested (2, 12). Ward et al. (19) noted that cows in. negative 
calcium balance before calving were more prone to developing milk fever 
compared to those cows in positive calcium balance. A great number of 
biochemical and physiological changes occur at parturition. One or a 
combination of any of these changes could be interrelated. The factors which 
control calcium metabolism are quite complex and much more information is · 
needed to explain why one cow develops milk fever and another does.not under 
similar herd conditions. 

VITAMIN D AS A PREVENTATIVE FOR MILK FEVER 

The feeding of massive doses of vitamin D for a short period prior to 
calving has been used as a preventative for milk fever (9). This method is 
effective if the time of calving is predictable. The recommended level is 
20,000,000 units per day for a period of three to seven days prior to partur
ition (Table 2). 
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Table 2. Effect of Vitamin D Levels on the Incidence of Milk Fever in 
Paretic-Prone Jersey Cows (9). 

Dosage Milk % of Milk Fever % Milk Fever 
(Million units/day) Normal Fever Incidence Protection 

15 45 12 21 67 

20 23 3 11 82 

30 26 4 13 79 

0 14 25 64 0 

If the vitamin D treatment is discontinued (over one day) before parturition, 
the preventative effects disappear and may even increase the incidence of milk 
fever (9, 12). The treatment maintains plasma calcium levels but decreases 
parathyroid hormone secretion (4). These dosages are near toxic levels and 
demand care in feeding. Feeding the massive vitamin D levels more than seven 
days may result in deleterious side effects including soft tissue calcification 
a~ound the heart, kidney, vessels, and other tissues (5). 

Continuous feeding of vitamin D at elevated levels has also been studied (10). 

Table 3. Effect ~f Continuous Vitamin D Feeding on Milk fever Incidencea (10). 

Control Vitamin D-Fedb 
Normal Milk Fever Percent Normal Milk Fever Percent 

Paretic-Prone 
Cows 3 9 75 15 6 29C 

Normal Cows 59 14 19 30 13 30. 

a Mature Jersey Cows 
b 32,000 units/lb. of grain (100,000-500,000/day) 
c p < .05 

A significant decrease in the incidence of milk fever in paretic-prone cows 
was noted compared to controls (Table 3). But an increase in the percent of 
milk fever was seen in normal cows given the supplemental vitamin D compared to 
control cows. Because of this increase, continuous feeding of elevated levels 
of vitamin D has not been recommended (10). · 
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CHARACTERIZATION OF 25-HYOROXYCHOLECALCIFEROL (25-HCC) 
... 

It is well establishe~ that vitamin 0 induces a calcium transport system 
in intestine (6). This is an active, cation-oriented transport system in which 
phosphate is transferred secondarily to the calcium. Vitamin 0 also induces the 
mobilization of old or deep bone (6). In both of these actions, there is a lag 
in time between administration of vitamin 0 and its physiological role (1). 
Results from intravenous studies showed that the time lag in vit~min 0 was not 
due to time required for transport t6 the tissue site (6). The possibility 
that the vitamin must be converted to a metabolically active form was considered. 

Following the injection of radioactive vitamin o3 into rat tissue, four 
components were extracted (5). Peak. III was unchanged vitamin 03 while Peak I 
was an ester of o3 • However, the peak IV fraction contained the major form 
found in the tissue at 24 hours after injection. Peak IV acted more rapidly 
in initiating intestinal calcium transport than vitamin 0 and was 1.5 times more 
biologically active than cholecalciferol (6). Peak IV was established as 
25-hydroxycholecalciferol (1) (Figure 1). 

/'~] 
~·· 

)1 ) \ 
I 

HO· 

Vitamin 03 25-Hydroxycholecalciferol 

Figure 1. Structure of Vitamin o3 and 25-Hydroxycholecalciferol (Peak IV) 
( 6) • 
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The functional role of vitainin D and calcium absorption was summarized by 
Deluca (6) in Figure 2 repres·enting the events occurring in the intestine • 

Brush 
Border 

. ' . 

---~~~------~~~~~----~~~~~----...._~Vitamin D3 
-¥.iver 

'\~ca++ 
ATP 

;:-a BP 

~Ca -+:rcaBP ~ 

25-HCC. 

RNA 

l 
~ Polysome 

i/ 
Protein 

., 

Figure 2. Schematic Diagram of the Proposed Mechanism of Vitamin_D in the 
Intestine ( 6) • 

Vitamin D is carried to the liver by means of an alpha-2-globulin where it is 
converted to 25-HCC (11). The 25-HCC is in turn carried in the plasma by the 
alpha-2-globulin to bone and intestine. It moves to the nuclear membrane 
where it unmasks a specific DNA. Complementary RNA codes for a component of 
the calcium transport system of brush borders which is manifested as a 
calcium-dependent ATPase. This results in increased calcium and phosphate 
absorption. A similar mechanism may exist for bone. 

Recently another peak, Peak V (also called 4B), has been described as an 
active metabolic form of vitamin D3 in the intestine (7, 16, 18). The Peak 
V maximal response exceeded that of 25-HCC by a factor of two with a shorter 
lag time. However, the half life is shorter than 25-HCC making it difficult 
to use. Peak IV is the stable intermediate form of the Peak V compound. The 
conversion of Peak IV to Peak V is actinomycin-sensitive. Peak V functions 
by a mechanism not involving DNA transcription. 
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USE OF 25-HCC FOR MILK FEVER 

Most of the initial research using 25-HCC in controlling milk fever has been 
done at the University of Wisconsin, Madison (3, 15). All research was con
ducted on cows with a previous history of milk fever (parturient-prone cows). 
Initially, a 200 microgram dose of 25-HCC administered intravenously in one 
milliliter of ethanol was successful when given at least twenty-four hours 
but not more than three days before parturition (3). Changes in plasma calcium 
and phosphorus were similar to normal cows during parturition (Table 4). 

Table 4. Serum Levels of Calcium and Phosphorus in Six Paretic-Prone Cows 
Injected with 200 ug. of 25-HCC (3). 

Day 

Calcium (mg. %) 

Phosphorus (mg. %) 

Pre-Part um 

- 2 -1 

10.l 9.6 

5.0 5.5 

Parturition Post-Partum 

0 +1 + 2 

7.8 9.4 10.5 

4.3 5.5 5.9 

An oral method of administration was then attempted since it was easier to 
use (3). Three dosages were studied: 250, 500, and 1000 ug. of 25-HCC in 
cottonseed and soybean oil combined with dextrin in number twelve gelatin 
capsules, given at least twenty-four hours before parturition and at various 
(two to four days) time intervals following the initial capsule until parturition 
in two different herds (Table 5). 

Table 5. Efficacy of Three Levels of 25-HCC on Parturient Paretic-Prone 
Holstein Cows in Two Herds (3). 

Repeat 
Dose Parturient Percent 

Dosage Herd (Days) Paresis Normal Total Incidence 

Control A 8 3 11 73 
25-HCC 250 A 4 5 6 11 45 
25-HCC 250 B 3 5 6 11 45 

Control A 3 1 4 75 
25-HCC 500 A 3 2 2 4 50 
25-HCC 500 B 2 l 13 14 7 

Control A 6 8 14 43 
25.:..HCC 1000 A 2 2 9 11 18 
25-HCC 1000 B 2 l 24 25 4 

Control B 3 l 4 75 
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The results indicate that rB-administration of 25-HCC every forty-eight hours 
is necessary to maintain efficacy. This is probably related to the ability 
of the cow to clear the 25-HCC rapidly. The exact dosage needed for maximal 
efficacy has yet to be determined. Since the Jersey breed has a higher incidence 
of milk fever, a herd with a previous level of more than 50% was used to study 
the effectiveness of 25-HCC (3). The results are summarized in Table 6. 

Table 6. Efficacy of 400 ug. of Oral 25-HCC .in Preventing Parturient Paresis 
in Jerseys (3). 

Control 

25-HCC 

Repeat Dose 
(Days) 

3 days 

Parturient 
Paresis 

20 

8 

Normal Total 

11 31 

15 23 

Percent 
Incidence 

64.5 

34.8 

The use of 25-HCC also has been tested in the treatment of milk fever (15). 
Eight cows "down" with parturient paresis were given an initial intravenous 
injection of 0.5 to 2.0 mg. of 25-HCC. At the ·time of injection of 25-HCC, blood 
calcium and phosphate levels ·were 3.2 to 7.8 and 1.0 to 3.0 mg. per 100 ml., 
respectively. Six cows recovered within three to twenty-four hours post
injection. Blood calcium and phosphorus levels at the time of recovery were 
near normal •. Calcium gluconate administration to the two cows which did not 
respond to 25-HCC t~eatment did not recover. 

DISCUSSION 

The future looks promising for 25-HCC as a possible preventative and/or 
treatment of milk fever. The initial results indicate that Holstein cows given 
1000 micrograms (1 mg.) of 25-HCC orally twenty-fours prepartum and repeated 
every forty-eight hours until parturition to paretic-prone cows will 
effectively reduce the incidence of milk fever. Intravenous injection of 25-HCC 
has been effective in t~e~ting cqws with milk fever although the lag time is 
important. The 25-HCC ·treated cows were observed to have a better appetite 
compared to controls (2). The problem of soft tissue calcification associated 
with massive doses of vitamin D were not observed (14). The body weight of the 
cow also may be an important factor in determining dosage levels. The cost 
per treatment is projected to be competitive with the cost of calcium 
borogluconate (2). In addition, 25-HCC treatment appears to be safer for 
the cow than the calcium borogluconate. The 25-HCC can be stored frozen for 
several months and remains biologically active (14). More research concerning· 
timing, dosage number, and levels must be studied before this compound can be 
made available for farm application. 
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LOW PROTEIN AND PROTEIN PHASE FEEDING OF TURKEYS 

. S. L. Balloun 
Dep:~~rtment of Animal Science 

Iowa State University· 

.The objects of feeding low-protein diets, of restriction.of 
nutrient intake and of "phase feeding" can be simply summa
rized as attempts (1) to increase the efficiency of conver
sion of feed protein to meat protein (2) to decrease feed 
costs and (3) to improve production performance . 

. . 

Lack of amino acid balance of diets results in a considerable 
waste as poults do not grow to their full potential, y~t 
consume (and excrete) some amino acids, consumed in excess .of 
requirements. On the other hand, even with an amino acid 
balanced protein, poults may suffer from insufficient protein 
intake in periods of stress--for example, in hot weather. 

PROTEIN REQUIREMENTS--POULTS 

Most of the work with low-protein diets has been done with 
young poults. Balloun et al (1959) showed (Table I) that the 
protein requirement the first 6 weeks was not over 28% even 
in fairly high-energy rations. 

Table I. Interaction of protein and energy on 6-week weights 
and feed conversion.l 

Protein (%). 

32 
28 
24 

1 

1470!1.73l 1485 1.80 
1345 1. 86 

1480!l.84l 1437 1.91 
1375 1.95 

2340 

136.0!2. 02 l 1375 1.99 
1236 2.17 

Average of three experiments involving a total of 8 repli
cates/diet. 

The data show that, with the strain of poults we used at that 
time, and energy levels up to 2925 kcal/kg, no more than 28% 
protein was required. These diets were supplemented with 
methionine. 

Fitzsimmons and Waibel (1962) concluded that low-protein corn
soymeal diets (with 2% each of fish solubles, whey and alfalfa 
meal) were limiting in methionine and lysine. In their exper
iments, poults fed 24% or 20% diets with added methionine and 
lysine were essentially as heavy at 28 days as those fed the 
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28% control diet. In the low-protein diets, lysine supple
mentation was not effective unless methionine was also 
supplemented. 

Waibel (1968) sh~wed that high-energy practical diets ranging 
from 29% for the 0-4 week period downward to 24% for the 8-12 
week period supplied all essential amino acids except meth
ionine in excess. of requirements. After 12 weeks, methionine 
supplementation was not required in diets supplying 21% protein 
(12-16 weeks) downward to 14.5% in the 20-24 week period. 

All of the previously reviewed works have based "requirements" 
on the criteria ~f weight gains and feed efficiency. Depend
ing upon the relative costs (or value) of (1) market turkeys, 
(2) $rains and other primarily energy-supplying ingredients 
and (3) protein, the optilhum levels for minimizing costs and. 
maximizing net returns may· be as much as 2 percentage points 
below those levels required for maximum weight gains. 

LOW PROTEIN DIETS 

Robblee (1961) showed that supplementing 24 or 26% diets with 
lysine and methionine resulted in weights at 4 weeks greater 
than those obtained by feeding a basal 28% starter diet. 
Addin~ four. other amino acids did not improve results. A 22% 
diet supplemented with lysine and methionine resulted in weights 
very uear·.Ly equal to those obtained from the 28% diet. 

Low-protein diets can be made adequate by addition of limiting 
amino acids. In studies at Iowa State, good weights and feed 
conversion efficiency were obtained with diets containing as 
little as 22% protein when these diets were supplemented with 
methionine, lysine, glycine and arginine (Balloun, 1966). 

Table 2. Amino acids in simplified, low-protein starter diets. 

Diet.Treatment 

1. 30% protein 
2. 1 ·plus 0.1% meth. 
3. 28% protein 
4. 3 plus 0.1 meth. 
5. 26% protein 
6. 5 plus 4 aal 
7. 24% protein 
8. 7 plus 4 aal 
9. 22% protein 

10. 9 plus 4 aal 

28-day gain 

503 
552 
485 
541 
464 
524 
440 
563 
380 
493 

Feed/gain 

1.66 
1.61 
1. 70 
1. 59 
1. 74 
1.68 
1.88 
1. 72 
2.09 
1.75 

1Methionine, lysine, arginine and glycine add~d to make diet 
concentrations equal to those in the methionine-supplemented 
30% diet. 
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Although it can be shown that low~protein starter diets with 
added amino acids will produce good results, the more important 
question from an. economic aspect is whether low-protein diets 
can be used effectively during the growing and finishing:periods. 
This is the period when feed consumption is greatest and- small 
decreases in feed cost _can have the greatest impact .. Unfortu
nately, most protein and amino acid research has been confined 
to the first few weeks of the ·poult's life. H6wever, Carter 
et al (1962) showed that a 14% protein growing diet, supple
mented with methionine and lysine, produced weight gains equal 
to those obtained when poults were fed a 17% protein diet in 
the 8-16 week period. Summers et al (1968) found little differ
ence in. the growth rate of poul ts on a "high11 or "low11 protein 
regime after 8 weeks of age (Table 3). 

Table 3. Protein requirement of poults after 8 weeks of age. 

\ Diet Protein ( %) 20 wk. wt. Feed/gain 
8-12 wk. . 12-16 wk. 16-20 wk. . (kg) (8-20 wk) 

24 22 20 11.09a 3.17ab 
24 22 18 l l0.84ab 3.12ab 
24 20 18 l0.71b 3.11b 
24 20 16 lo.75ab 3.14ab 

. . 

22 20 16 lo.51bc. 3.14ab 
22 20 14 l0.61b 3.15ab 
22 18 14 10~68b 3.1ob 
22 18 12 10.24C 3.23a 

The 12% finishing diets were no doubt marginal or deficient in 
lysine, sin-ce this amino acid was not supplemented. By my cal
culations,· the 14% diet contained 3230 kcal ME per kilogram of 
diet and o.656% lysine. The ratio of percentage lysine to kcal 
per kilogram of diet is, therefore, 0.203. The 12% diet cal
culates 3280 kcal per kilogram and 0.51 lysine (0.155% lysine 
per kcal per kilogram). The NRC requirement for lysine in the 
finishing period is listed as 0.75% in a diet containing 3170 
kcal metabolizable energy per kilogram (0.237% lysine per kcal 
ME per kilogram). 

In research at Iowa State University (Balloun, 1967) it was 
shown that lysine additions to low-protein finishing diets 
cause significant improvements in weight gains and feed·effi
ciency (Table 4). 
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Table 4. Effect of suRplementary lysine in diets of poults 
from 17 to 2 weeks of age(Av. of males and females). 

Treatment ( 

" Experiment l Ex2eriment 2 
Protein Lysine gain(kg) Feed/gain2 gain(kg) Feed/gain2 

20-17%1 0 3.10 5.33 3.41 4.90 
20-17 0.025% -- 3.39 4,97 
20-17 0;050 3.37 5.02 3.66 4.64 
20-17 0.100 3.23 5.06 

17-14 0 2.97 5,32 3.24 B.21 
17-14 0.025 3.4 .88 
17-14 0.050 3.08 5.29 3.49 5.12 
17-14 0.100 3.21 5.08 3.70 4.60 

1Protein in diets fed 17 to 20, and 21 to 24 weeks, respec
. tively. 
2Feed/gain in the 17-24 week period. 

In these two experiments, by actual assay, the 20% dfet con
tained 0.92% lysine; the 17% contained 0.77 and the 14% diet 
contained o.64%. Since maximum weight gains and feed conver
sion were obtained only when lysine was added, ~t can be con
cluded that the. lysine requirement in turkey:,finishing diets 
was at least 4.7% of the protein in the type of diets we fed. 
With the higher-energy diets now commonly fed and faster
growing turkeys; it is probable that the protein and lysine 
requirements for maximum weight gains are somewhat greater 
(as a percentage of the protein) than was indicat~d in our 
research. Our finishing diets contained 3150 and 3190 kcal 
ME per kilogram in the 17 and 14% diets, resp~ctively. There
fore, ·we conclude that the lysine requirement in a 14% protein 
finishing diet is at least 0.210% lysine per kcal per kilogram 
of diet~· · · 

PHASE FEEDING· 

Market poults 

The adjustment of protein (amino acids) and energy concentra
tions to age and stage of development of the m~rket poult is 
the most important aspect of phase feeding the market poult. 
Once a program is established, however, adjustments should be 
made in situations of severe stress such as extremely hot 
weather and disease. Table 5 shows the partial specifications 
for (1) a base program for average Midwest summer grow-out 
flocks (Waibel, 1968) and {2) a very simplified adjustment for 
unusually hot weather. 
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Table 5. Protein and metabolizable energy requirements of 
large type market turkeys. 

Age periods -- weeks 
A-Normal program 8-11 12-15 16-19 20 

Protein .(%) 22 19 16.5 14 
ME kcal/kg 2930 3020 3095 3170 

B-Hot weather 8-12 13-17 18-21 22-

Protein (%) 22 19 16 14 
ME kcal/kg .. 2930 3020 3095 3170 

For protein, the feed reduction in hot weather or other periods 
of· stress is particularly serious because most. diets for market 
turkeys supply several of the amino acids with very little 
margin of safety over minimum requirements. Thus, when daily 
feed consumption is decreased, the ration is actually deficient 
in one or more of the essential amino acids. 6ur idea of phase 
f~eding for U~e market rioul t is to simply delay the "step-down 11 
of protein and. 11 step-up' of energy by a week (or more) when an 
unusually hot period of weather is anticipated. The method 
may be further refined and made more useful by·supplyirig each 
type of feed (e.g. 22% protein; 2930 ME) in an·amount shown 
by previous feed consumption records to be needed in the period 
of 4 weeks under normal conditions. Then, if feed consumption 
is reduced for any reason, this diet will be fed for a longer 
period of time. On the other hand, if a particular flock is 
growing unusually well, the alloted supply of the 22-2930 diet 
will be consumed in less time and the shift to a lower-protein, 
higher-energy diet will be made earlier. The 11 feed amount 
allotment" method has an advantage over the "time period allot
ment11 method in that the adjustment is made regardless of what 
cause~.~ decreased (or inc~eased) feed intake. 

Breeders 

The topic. of feeding the breeders naturally divides into three 
main periods of time--(1) the 11 growing11 period, (2) the 11 hold
ing11 period, and ( 3) the 11 production" period. Many sub-divi
sions can, and are, made within these 3 main phases. 

Many young breeder candidates are fed just as are market poults 
for the first 10-12 weeks. This is probably as effective a 
method as any a·l though Auckland ( 1971) has shown that birds · 
severely underfed 0-6 weeks reached about the same weight at 
20 weeks as birds full-fed the first 6 weeks. Feed consumed 
per poult and per kilogram of gain were-less for the birds 
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undernourished 0-6 weeks. 

Anderson ( 1963.) restricted·. the feed -intake of male and of 
female Large White breeder candidate~ for different inter
vals of time after 10 weeks of age~ ·The feed savings realized 
from restriction of feed intake to 85% of full-feed from 12-24 
weeks persisted to 60 weeks of age. Egg production rate was 
not affected by feed restriction but hatchability of eggs was 
improved by the restriction of fe~d during the growing period 
(Table 6). · 

Table 6. Effect of feed restrict~on on turkey qreeder can
dida,.t~s. · 

Treatment 
12-24 wk 

Full-fed 
Full-f~d 
~e::;trict .. 
Hestrict. 

Weights(kg) 
24-40 wk 24wk· 60 wk Prod(%) Fert(%) Hatch(%) 

Full-fed r.·~ 7·. 7 46.0 '84.5 52.9 
Restrict. 7.2 7.4 47.4 86.3 52.2 
Full.-fed -6.8 7.6 46~],. 87 .9· 64.4 
R~strict. 6.8 7.5 47.9 93.0 59.7 

Touchb~rn et al (1968) r~ported significantly lower ra~es of 
egg• production when feed cpnsurnption was restricted in the 
growing period to 7_0% o.f consumption of ru11-·red · he.ns. · ,Fertil
ity, h~tchabil~ty, and egg.weight were not affected. Less 
severe restriction (80% of full feed 12 to 24 weeks of age) 

· ca.us.ed only a slight red.uction in subsequent egg production 
with no significant effect on other reproductive criteria . 

• 1 •• 
. . . 

Ferebee and Ern$t (1969) reported that a number of ~estricti~e 
_growing programs }1ad no effect on subsequent reproductive per
formance. A skip-·a-dqy f~eding program resulted in average 32-
week _weights of 0.5,kilogram less than hens full-fed. The skip
a-day progrru,n also cost less and hens laid the most eggs 

· .(al though the increase was not statistically significant). 

Work at. Iowa State with this "phase 11 of the turk~Y breeder 
program has not i~dlcated any sign1ficant beneficial effect 
from restricting Weight gains during the growing period ex- . 
cept for lowered feed cost. We fed breeder hens· from ~O to 32 
weeks of age ~y t~ree systems (1) full-fed· a high energy diet, 
(2) the same h:+gh-energy dj..et fed at 70% of th.e ·consumption of 
hens id Treatment 14 ~nd (3) full~fed a low~energy diet. The 
hens were fed 12, 1 , and 16% br~eder diets after 32 weeks of 
age in a factorial arrangement of treatments (3 ·growing systems 
x 3 breeder q+~ts). Results are shown in Table 7 and 8. 



Table 7. Eifect of g~owth restriction of turkey breeder 
pullets. 

Diet 20-32 wk Weight (kg) 
45 wk 

Feed cost/hen 
32 wk 20-32 wk 

l:i'ull-fed. high energy 7.4~ 8.27 $1.09 
Limited (70%) 6.6 7.95 0.77 
Low-energy 7 .14 8.05 1.08 

Table 8. Effect of growth restriction arid breeder diet pro
tein on reproductive performance. · 

Breeder Diet Program 
Growing 12% 14% 16% 
Program Eggs Fert Hatch Eggs Fert Hatch Eggs Fert Hatch 

Full-fed 26 85 75 27 81 69 28 8r( 82 
Lirrii ted 42 85 . 75 33 80 76 38 86 75 
Low-ener~y 32 80 78 33 87 'T9 26 91 78 

Average 33 83 76 31 83 75 31 88 78 

Not many studies have been reported regarding 11 phase fe-eding" 
of turkey hens during the laying season. Ferebee and Ernst 
(1969) reported some field trials in which feeding programs for 
turkey breeding hens were compared. The feeding programs were: 

!l) constant 20% protein diet, (2) constant 17% protein diet, 
3) a "step-up" system (15-17-20%) and (4) a "step-down" 
20-17-15%) program. Hens fed on the 15-17-20% program pro

duced significantly more eggs than the others. Eggs from 
these hens also hatched at a higher rate than those from any 
other program. There were no significant differences in re
productive efficiency among groups fed by programs 1, 2 and 4. 

At Iowa State, we conducted a trial involving 24 groups of 15 
hens each comparing 14, 16 and 18% protein breeder diets and 
constant versus 11 step-up 11 protein. The experimental plan is 
shown in Table 9. · 
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:: ..... ~ .. Prqduction period (weeks) 
. ~;::-],l 12:..16 Trea tme.n t . 

·': .. , 

'·-·····\ l•,,• '~ •.. ·--:..-;• •· •.. · •. 1,-~ ., .. :.·:·.·· ·':' --. ::- ·· ... _..:., .... :.;,,-:1.1:..i~~~,._-:.1.·.·~;· ....... ~·,._,. ... (,, ... ''." .. ···-··. •'· .• ' 

1 
2 
3. 
4 
5 
6 

..... 

Four gr6~p~ of i5 b~ri~ ea~h we~~ ~iiqtt~~ to ~aqh t~eatm~nt. 
Light was restricted untif 27 weeks ·and· experiffiental diets were 
fed ·beginning ~t_.g.$ .. w§~:k.s·. 'Th.e proq~cf+,q~· p~i·:i;oc,3, referred to 
in Table 9 w~~.from .30 to 46 week~ bf ~~~,:.~r a t6t~l over the 
three II ph~Se$ I of 16 we'eks'. Resu), t§ 'qr'· tn:i.~- trta,l. a.:re g:Lven . 
in Ta,ble 10 •. . · · .. 

Table- 10. Eff~cJ:;. qf .phase feeqin_g of ·br¢,~der h,~ns .. 

.• ••:••-. •,. •""'"'"' "'".,•f,.,\ .. •N·> ,. •• , ':'• • ~ .,.,,,., • • • •• ·.···-··· ·' .-....... ,.( .··-·· ·-.-······ 

~reatment · · i~4 ~k· 5-11 wk . 12~16 wk 
Pr~~ % · Prod % ~r6d % 

. T~ta1'. 16 wk 
Prod % Hatch % 

1 52.1 
2 48'~4 
3 5J,. 7 
4 50.5 
5 t:.0.7 J, . 

6 ?Q.O 

53.7 
48.4 .. 
53.7 
5.1.4 
51.? 
48.4 

43.0 
44.6 
49.3 
48.1 
50.6 
46.r 

· .. :· ...... . 

50.0 66.7 
47.0. 65.4 

.. 51. 5. 64 .1 
49.8' 63~3 
50.4 68.2 

. 48. 5 68:8 

Ther~ were no s~gn,1.fi,.cant differeDqes arp.ong· the 6 treatments 
for any criter:Lon 9f ~epro~uctive ~ff1ci~nriy - taken ove~ the 
entire i6 wee~~·or w1thin any one of the th~ee periods. Adding 
lysine to th~ 14% p:rotein di~t was also w1th6ut· effect. 

This experiment was condu.cte·d dur~ng the winter and spring, so 
the hens were not subjected to ex::tr:einely hot weather at any 
time. It-1~, of co~psei po~si~le t~at hens kept in 'production 
to late June or July should be fed a'higher~protein diet to 
inS\Jre an ·ac;le,q~g.t~ a_mino a,c:1,Q. intak,e. in hot w'eath~r~ However, 
the evidence for "Qenefi ts fro!Tl '.' pf1ast;? fe~ding" of turkey - · 
breecte~s is unconvinctng .. tt wo~id $e~m th~t a·14% protein 
diet should prqvi.d,e amp~.e pro~e+n e:x:cept und~r exceptional 
circumstance~. rt is obvi6us that more research is needed in th:t.s i:rea. · · - · . . - . . · . .· . . .. . . . . 
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PROTEIN LEVELS FOR HEAVILY MUSCLED SWINE 

J. D.} Hawton, Extension Swine Nutritionist 
'Agricultural Extension Service 

University of Minnesota 

Our present day meat-type hog produces a carcass that is considerably 
leaner with more protein and less fat then that of the similarly labled 
"meat-type" hog of the 1950's. This fact is illustrated by data in 
tables l and 2. Since this change in body composition to more protein 
and less ~at hai occurred, it would seem probable that an acc6mpanying 
change in certain nutrient requirements might also have resulted. Many 
of the swine nutritional requirements were studied and fairly well 
established nearly 20 years ago, and it is questionable that these 
requirements would remain static while the chemical composition of the 
pig has been so greatly altered. 

LEANNESS AND PROTEIN REQUIREMENT AS INFLUENCED BY SEX 

Many reports over the past 15 years have noted the difference in carcass 
leanness as influenced by sex. Cahill et al. (1960) compared littermate 
boars, barrows and gilts and demonstrated that gilt carcasses tend to be 
leaner than barrow carcasses and that boar carcasses are leaner than those 
produced by either barrows or gilts. Bowland and Berg (1959) similarly 
reported carcasses from female pigs excelled those from male. pigs 
(castrated) in all factors measured except carcass length. More recently, 
Wong et ~· (1968) reported gilts to be superior to barrows in percent 
lean in the ham face, backfat thickness and loin eye area. 

Kropf~ al. (1959) used weanling pigs averaging 42 lb. in an experiment 
involving two levels (16% and 12%) and two qualities of dietary protein. 
Pigs were .designated for slaughter at the following weights: 85, 145 and 
205 pounds. From their results they too concluded that gilt carcasses 
contained more lean a.nd less fat than· carcasses from barrows. Of greater 
interest was the fact that the composition of gilt carcasses seemed to be 
affected more by treatment than the barrow carcasses, however, statistically 
significant differences were not demonstrated except in the case of lean cu~ 
yield. The g:roup from the University of Manitoba (Wong~ .§!l_., 1968) found 
no apparent treatment by sex interaction when they studied the relationship 
of dietary protein ievel (13% vs. 17%) and sex on performance and carcass 
traits in swine. In another study, Baker et al. (1967) observed the growth 
perfonnance and carcass characteristics of---ii"arnpshire X Yorkshire crossbred 
barrows and gilts fed diets containing four levels of dietary protein 
(10, 12, 14 and 16%). Protein quality was based on corn and soybean meal. 
The pigs averaged about 120 lb. at the initiation of the study and were 
continued on to slaughter weights of about 210 pounds. Data from this 
report is cited in table 3. An interaction of sex with protein leVel 
for daily gain was suggested by the difference in response to dietary 
protein levels between barrows and gilts, however; this difference was 
not statistically significant. Maximal rate of gain for barrows was 
acheived at 12 /'o protein, whereas gains were max.imurn for gilts at the 14% 
protein level. Likewise, maximum performance for feed efficiency 
occurred at the same protein levels as for gain, except in this case a 
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significant (P .05) sex x protein level interaction was reported. As can 
be seen from the carcass data in table 3, maximum carcass leanness for 
barrows was acheived at 1470 protein in the diet but gilts required at 
least 16% protein. Yet, in still a later study, Tjong-A-Hung et al. (1971) 
was unable to show an,y significant inte.ractions between sex andprotein level 
sequence for rat~ or ~fficiency of gain, or measures of carcass leanness. 

It should be reasonable to assume that gilts would he affected more by 
dietary treatment (protein level) than barrows if gilts .are in fact 
superior in their genetic makeup for carcass leanness and also have a 
greater protein requirement as suggested. However, it should be pointed 
out that the suggested higher protein requirement needed to maximize 
growth performance and carcass lecn ness in gilts may not necessarily be 
due to the fact that they are.leaner. Hormone production and other 
physiological factors may be involved. 

PROTEIN LEVEL GENOTYPE RELATIONSHIP 

To acquire more meaningful information regardng the relationship between 
protein requirement and heavily muscled pigs it would seem necessary 
to compare strains or breeds of known different genotype for carcass 
leanness. To date, few studies of this nature have been reported. Bowland 
and Berg (1959) did compare two different crossbred strains fed either 
20 or 13% protein diets. The Yorkshire -crossbreds (Y x LY) excelled the 
Tamworth crossbreds (T x LY) in all carcass measurements but dressing 
percentage. Superior carcasses produced by the Yorkshire crossbreds were 
evidertt ev~n though difference in rate of gain did not occur during the 
experimental period. These workers, however, were unable to demonstrate 
any interaction between protein level and strain of pig. Aunan, Hanson 
and Meade (1961) fed diets containing different protein level combinations 
to pigs of various breeds. The differ~nt treatments imposed were 
without effect on fat or lean content of the carcass and little, if any, 
difference was noted in growth rate. A highly significant difference 
did exist between breeds for carcass lean,ness. Although these workers 
did not specifically carry out an analysis for interactions, examination 
of the means presented in the Paper would suggest that they would not 
have b'een significant. · More: recently, Heldt and Lucas (1970) studied· 
the relationship between two protein level sequences (16-14% vs~ 14-12%) 
and two different strains of barrows. The barrows averaged about 70 lb. 
at the initiation of the experiment and originated from a Hampshire 
line selected for lean composition and a control gene pool line of 
mixed genetic background. They noted that the Hampshire line produced 
the leaner carcasses, however, barrows from both genetic lines had 
greater gain and efficiency performance when fed the lower protein 
sequence. Barrows fed ·the higher protein level had leaner carcasses 
but this may have resulted because th.eir gain was slower and thus they 
were older at slaugher. In still a later study, using barrows from the 
same two genetic lines, Heldt et al. (1971) was unabLe to show any 
significant over all treatment effect when pigs were fed a 12% protein 
corn soybean meal diet supplemented with various amino acids. 

A recent Iowa study (Christian, 1970) ~as conducted for the purpose of 
comparing th_e performance and carcass characteristics of· two strains of 
crossbred pigs (lean vs. fat) when fed .rations with varying protein 
content (12 or 16%) and evaluated at three slaughter weights (200, 230 
and 260 lbs.). Pigs averaged about 65 lb. at the beginning of the trial 
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and weights were obtained at 28-day intervals for growth rate and feed 
efficiency data. As showri in table 4, lean pigs were more e£°fic{ent 
utiiizers of feed at all slaughter weights than were the.fatter pigs. 
Lean pigs also responded through improved feed efficiency when fed the 
higher protein. diet, whereas this was not the case with the fat; strain.· 
These results would seem reasonable but are in disagreement with the. 
findings of Hale arid Southwell (1967) who reported that Duroc pigs had 
poorer feed efficiency than Hampshires with a low protein d'iet but were 
much more efficient when fed a high.protein diet, yet the Hampshires 
produced more desirable meat~type carcasses (less backfat, more loin eye 
area). In the Iowa experiment significant differences were not demon
strated for daily gain. The lean strain of pigs produced carc~sses that 
were less· fat and had loin eye areas approximately one square inch more 
than the fat strain (table 5). Even so, feeding of the higher protein 
diet to either strain failed to improve loin eye area or ham-loin percent 
of carcass weight. Protein level had no effect on backfat in the lean 
strain but feeding the higher protein ration to the fat strain appeared 
to reduce the backfat. The reduced growth rate encountered by pigs from 
the fat strain fed the higher protein diet may have been a factor in 
the lowered backfat. 

Perhaps the most significant work designed to study' genotype - protein 
level relationship was that reported by Davey and Morgari (1969). This 
work was conducted at Beltsville, Maryland and involved pigs of both 
the Duroc, and Yorkshire breeds which.had been selected for high fatness 
in one line and low fatness in another. A control line within each 
breed (not selected ·for either fatness or leanness) was also established. 
Original selection of these lines began as early as 1954 and the data 
reported in this study were taken fro~ boars and gilts representing 
the 12th generation of Durocs and the 10th generation of Yorkshires. 
The fatness was measured by use of a lean meater when pigs weighed 
about 175 pounds. As an example of the progress made after 10 
generations of selection in the Duroc breed backfat thickness was 2.0, 
1.1 and 1.5 inches for high, low and control lines, respectively. 
Corresponding values for the Yorkshire breed, representing the 8th 
generation ofselection, were 1.5, 0.9 and 1.2 inches. Pigs within each 
breed and line (low fat or high fat) were fed by pairs either a 12% or 
20% protein diet with the total amount of feed held constant. A very 
pronounced and significant interaction was obtained between protein level 
and line. Low-fat line pigs fed 20% protein diets had 31% more carcass 
lean than did the pigs from the high-fat line, whereas on the 12% protein 
diet the low-fat lines acheived only 6% more lean than pigs from the 
high-fat lines. It should be pointed out that overall growth performance 
was quite poor in this trial due.mainly to pneumonia and tosses were high 
resulting in only 93 of ll4 pigs completing the test. It was also 
unfortunate that no feed efficiency data was obtained because of difficulty 
in accounting for feed wastage. 

A year later Davey (1970) conducted two metabolism trials in which he 
fed diets containing different protein levels to Duroc and Yorkshire 
boars from the lines selected for differences in fatness. Protein 
digestibility~ nitrdgen retention and urinary nitrogen excretion data 
were collected, however, there appeared to be no line X diet interaction 
in the study. In a similar metabolism trial, McConnell, Barth and Griffin 
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(1971) studied nitrogen utilization in weanling barrows visually selected 
from a group of No. 1 (lean..,type) and 3 (fat..:.type) grade feeder pigs.- Two 
levels of protein (18 - 14'7o vs. 16 -: 14%) ~er~. fed and pigs were slaughtered 
for carcass measurements at a.bout 220 pounds.. No pig type X protein level· 
interaction was noted fo'.r nitrogen digestibility. When fed the higher protein 
level, daily Q.itrogen retention of lean-type pigs was n:oticeabl'y greater at 
heavier body weights than that .of fat- type pigs, but daily nitrogen 
retention· was similar in both types when the low protein diet was 'fed .. 
These workers also demonstrated· no improvement. 'in carcass leanness when 
the high protein diet was fed to fat..: t)rpe. pigs', however, i:he higher protein 
level markedly improved carcass. lea,nness it). ,lean type pigs. It may be 
worthwhile to mention that only i2 pigs· (3 per treatment) were used in 
this study. 

SUMMARY 

In an attemp't" to summarize the. above mentioned studies concerning genotype· ·x 
protein level interactions, it would be faii to ~~y that rather inconsistent 
reponse, in terms of growth performance and carcass development" was noted 
between reports. Except for the Beltsville work, protein level differences 
in these studies may not have been of sufficient magnitude or genetic 
difference for lean composition between lines great enough to realize, or 
expect, consistent response. It seems apparent that such interactio~s 
do exist, .but they are found most often when the genotype and protein 
level contrasts are most extreme. While the use of such highly different 
genotypic strai_ns and protein levels provide ·useful contrasts for ' 
experimental purposes; the more practical concern of the swine producer 
is with less diverse pig types and with.diets varying only slightly from 
the recommended levels. 
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Table 1. 

Year 

1948 
1958 
1960 
1962 
1964 
1965 
1966 
1967 

!.1 Aver~ge lard production per pig in U. S. 

Average Lard .. 
Production/Pig 

(pounds) 

49.8 
31.6 
30.4 
29.7 
28.6 
26.8 
25. 6 
24.9 

Average Weight 
Market Pigs 

(pounds.) 

253 
236 
236 
239 
241 
239 
242 
241 

!.1 
Adopted from USDA Livestock and Meat Statistics, Statistical Bulletin No.333. 

Table 2. Changes in carcass· measurements of tested pigs. 
!.1 

Back Loin Eye % 
No. Fat Area Ham & Loin 

Year Pigs (inches) (sq. in.) (live weight) 

1958 199 1. 57 3.79 24.0 
1959 502 1.59 3.88 25.1 
1960 656 1.56 3.81 24.7 
1961 498 1. 58 4.05 25.2 
1962 744 1. 54 4.05 25.8 
1963 663 1. 52 4.08 26.6 

'1964 745 1. 54 4.16 27.1 
1965 641 1.46 4.10 . 27 .8 
1966 678 1.50 4.20 28.0 
1967 654 1.40 4.38 28.4 
1968 713 1. 35 4.54 29.L 
1969 575 1. 32 4.70 29.4 
1970 569 1.35 5.00 29.8 

!.1 
Data obtained on barrows and gilts slaughtered at 200 lbs. and tested in 
the Minnesota Swine Evaluation Station. 
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Table 3. Performa~ce and carcass characte~istics of barro/f> and gilts fed 
diets cont.;tinin_g four levels of dietary protein!! . 

Growth Performance 

No. pigs/treatment 
Av. daily gain, lb. 

10% C.P. 
12% C.P. 
14% C.P. 
16% C.P.· 

Feed/gain ratio 
10% C.P. 
12% C.P. 
14% C.P. 
16% C.P. 

Carcass Characteristics. 

No. pigs/treatment· 
Backfat, in. 

10% C.P. 
12% C.P. 
14% C.P. 
16% C.P. 

Loin Eye.Area, sq. in. 
10% C.P~ 
12% C .P •. 
14% C.P. 
16% C.P. 

Lean Cut Yield % 
10% C.P. 
12% C.P. 
14% C.P. 
16% C.P. 

a/ - Adopted from Baker,· et al., (1967) 
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Barrows 

4 

1.41 
1.83 
1. 74. 
1.83 

4.33 
3.64 
3.68 
3~ 72 

4 

1.31 
1.31 
1.20 
1.34 

4.34 
4.73 
4. 70 
5.13 

56.l 
56. 7 
57.9 
57.3 

Gilts 

6 

1.12 
L61 

·1.83 
1.63 

4. 75 
3.67 
3.30 
3.61 

4 

1.43 
1.18 
1. 32 
1.17 

4.59 
4:67 
5.07 
5.53 

54. 9 
59.0 
58.4 
60.1 

.i 



Table4. Average growth rate and feed efficiency by strain, slaughter 
weight and protein level (Iowa - 1970}. 

Live weight, lbs. 200 . 230 260 
Percent p~otein of ration 12 16 12 16 12 16 

A.D.G. (lbs ./day) 
Lean strain 1. 97 1.96 i'. 80 1. 78 1. 89 2.00 
Fat strain 1. 91 1. 81 1. 90 1.86 2.08 1. 96 

Feed Eff. (lbs./cwt) 
Lean strain 360 330 376 346 414 359 
Fat strain 382 392 436 392 411 408 

Table 5. Average carcass data of pigs by strain, slaughter weight and 
protein groups (Iowa - 1970). 

Live weight, lbs. 200 230 260 
Percent protein of ration 12 16 12 16 12 16 

Av. backfat (inches) 
Lean strain 1.26 1. 27 1. 32 1. 38 1. 54 1. 57 
Fat strain 1. 30 1. 39 1. 53 1.40 ·l. 90 1. 75 

Loin eye area (sq. in.) 
Lean strain 5.31 5.21 5.74 5.53 5.62 5.61 
Fat strain 4.48 4.31 4.50 5 .. 25 5.09 4.77 

Percent ·ham & loin 
Lean strain 41.62 41. 31 41. 30 41. 72 39.70 38. 73 
Fat strain 39.58 38.98 39.23 36.00 36.85 38.02 

.!. 
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D~YELOPMENTS IN HORSE NUTRITION 

S. H. Gretebeck 
Dawers Laboratories, Inc. 

Chicago Heights, Illinois 60411 

There have been developments in horse nutrition. The rapid ex
pansion of light horse members for family and pleasure use, plus 
the continued popularity of the show and track events has prompted 
increased emphasis in the. academic, as well as the related in
dustries. Recent investigations into the physiology of digestion 
are of considerable value in evaluating past concepts of proper 
horse nutrition and developing improvements. Cited here are only 
a few selected papers which will lead those interested to a more 
complete discussirin of equine digestive physiology. 

PHYSIOLOGY OF DIGESTION 

The equine has traditionally been considered to be monogastric by 
the physi~logist. However, they also cite the fact that the anat
omy of the digestive tract functions or has characteristics unlike 
the monogastric and more similar to the compl~x:·. ruminant, Dukes 
(1955) .. 

Rite of ingesta passage through an animal has traditionally been 
assoc~aied.with nutrient digestibility and utilization, as well as 
better understanding the physiology of dig~stion. The standard 
bari~m technique has been employed, and indicates that the pony 
stomach empties in between 5 and 15 minutes. The rate of passage 
from the stomach to the cecum was between 15 and 60 minutes. Some 
of the ingesta appeared to pass through the animal in as little as 
18 hours with only traces of barium found after 72 hours. Linerode 
(1966), Pickard (1970) have described a modification of the barium 
technique which may result in more precise data on the rate of 
digesta movement. 

Alexander (1962) has identified the nature of some of the products 
of digestion in the horse, particularly anterior to the cecum. 
Dougherty (1968) has shown some interesting similarity between the 
VFA production of grain fed cattle and the cecal fluids of ponies 
on a grain diet. Additional data citing similarities has been 
reported by Stillons et al. Reitnour (1970), and Baker et al. 
(1970), have conducted research which indicates that the lower gut 
does not play a major role in nitrogen or protein nutrition of the 
equine, although there is nitrogen loss in the lower gut. 

In summary, it appears that ingesta passes rather rapidly through 
the various parts of the digestive tract until it reaches the cecum. 
The rate of passage ac.celerates again posterior to the cecu~. · It 
is presumed that these differences in the rate of passage affects 
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the sites of digestion and absorption of nutrients making the 
equine system uni~ue, yet in many cases similar to that of both 
monogastric and r~~inant animals. The enzymes, secretions and prod-· 
ucts ~f these activities are being investigated with much yet to be 
discovered. Although ingesta passage is relatively rapid prececal, 
there is significant digestion of proteins and starches prior to 
the cecal activity. There is considerable nitrogenous and non
nitrogenous nutrient absorptions beyond the small intestines which 
is assumed to be the products of cecal or post cecal digestion. 
Apparently the lower gut functions similar to the rumen in that 
there is exterisive carbohydrate fermentation and volatile fatty 
acid production in the lower gut. · 

NUTRIENT REQUIREMENTS OF THE EQUINE 

The form and quantity of the nutrients required by .the horse is a 
function of what is exoected of the animal. Just as the commercial 
beef brood cow is fed ~ifferently than the sho~ stock or feedlot 
cattle, the function or purpose .of a specific horse determines the 
requirements. One must consider not only maint~nan~e, growth and 
reproduction requirements, but must somehow measure production. 
With othe~ species production is relatively easy to measure in 
terms of we i g ht g a i n , mi 1 k prod u ct i on , fat p rod u ct ion , woo 1 pro -
d_uction, etc. With· the equine, production is physical activity 
and the nutrition requirements, as of yet, cannot be precisely 
stated. Bone structure, muscular development, conformation, fa
tigue, speed, duration, training, muscle tone, temperament and 
probably many other factor$ influence the requirement to perform 
each of the different physi~al activities a horse is asked to ac
complish. Although the horse is probably not offered feedstuffs 
of a variety whic~ is greater than that offered other livestock, 
tradition and suoerstition have restricted the use of certain 
feedstuffs. For' example, it is not uncommon t9 hear alfalfa hay 
c i t e d as an u n des i r ab 1 e feeds tu ff for hors es 11 b. e ca us e i t i s hard 
on the kidn~ys 11 • · Not only are the requirements of the horse diffi
cult to measure and tradition limits the feedstuff "suitable" to 
meet these requirements, but the life span of the animal is usually 
greater than other farm animals. Nutritional deficiencies or dis
ease predisposed by improper nutrition may express themselves over 
a period of 20 years or more. 

Economics always play a role in establishing feeding standards used 
by the pra~ticing nutritionist, if not by the research scientist, 
stating minimum nutritive requirements. The economics cannot be as 
objectively measured with hqrses ~here soundness, longevity arid 
specific unique physical activities are the objectives rather than 
average daily gain, feed efficiency and feed cost per unit of pro
duction. 

The National Res~arch Council (N.R.C., 1966) ha~ established a num
ber of suggesteq minimum nutrient requirements and is extremely val
uable as a reference point from which the researchers can work to 
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more precisely determ~~e the requirements as r~lated to various 
functions of the animcil. Deviations from the NRC requirements 
undoubtedly are an expression of different experimental- conditions, 
animal temperament, environment, original nutritional status of 
the animal, etc. · · ·, 

ENERGY 

Wooden (1970) has summarii~d the energy needs for maintenance, 
work, reprodu~tion, la~tation and growth of the horse as suggested 
by various researchers and will not be duplicated here. It will 
be noted in r~viewing his work that there is considerable variation 
in the suggested n~eds. Nutritionists faced with the problem of 
makin9 nutrient recommendations ~ust often be more specific. Here 
we shall suggest specific energy ne~ds that may be helpful to the 
practicing nutritionist. 

. . 

Traditionally, energy requirements fcir the horse were expressed as 
Total Digestible Nutrients (TON). TON is not a direct determina
tion of energy: and generally bver-estimates the value of high 
fiber feeds. Measuring energy requirements in terms of digestible 
energy may be a more appropriate approach. The values used are con
sid~red tentative and may need adjustment upon further evaluation. 

The horse requires about 1.6 mega calories per 100 lbs. body weight 
daily for maintenance. Growth requirements are between 5.4 and 6.0 
mega·calories_ daily,-assuming a T~ lb. per day growth. The. develop
ment of the fetus during gestation should be considered growth. 
Lactation requirements appear to be 0.36 mega calories per pound 
of .milk produced. Should the horse be thin and lack fleshing, the 
fl~shing requirement is estimated. to be 7.7 mega calories per pound 
of .fat or flesh developed. · · 

Work requirements would be determined by the severity or intensity 
Qf the w-0rk performed. Frequently the literature implies that 
maintenance·requirements of the horse approximate the total require
ment due to the lack of considerable use of the mature pleasure 
horse .. One should bear in mind that the mature pleasure horse 
allowed access to a paddock or exercise field, although not being 
trained or worked, is using energy over and above what is con
sidered maintenance requirements. It is sug9ested that 2.0 mega 
calories of digestibl~ energy be allowed for each hour of work or 
activity of the horse. The fleshing condition of the mature horse 
is the best guide to the adequacy of the energy a.llotment, assuming 
parasites, disease and ration balance are·not factors. It is more 
difficult for t~e novice to determine adequate fleshing in the grow
ing horse or gestating mare. 

The true digestible energy content of feedstuffs for a given animal 
may be influenc~d by numerous factors, in that digestibl~ energy 
in a feedstuff is merely the gross energy in the feeds consumed 
less that ·found in the feces, which includes undigested m~terial, 
plus whatever body meta~olic fractions that may appear. For ex
ample, the silic_a, lignin, cellulose, etc. contents, as well as 

. -149- il 



I 
I . 

the health,.status an·d nutritional· balance of the animal, markedly 
i n fl u e c e di g est i bi i fty . '.. 

Although apparent diges:t.i-be energy values presently a~ailable for 
feeds con$µmed by hor~~s lack pr~cision and (ire gener~lly the same 
as those ~~·eq. fi;>r. ruminant·s, they are of a definite a.id in evaluat-
ing ,the qegre.e 6f. :a.~e-qu9cy o_f· an antmal diet. Unti.l research ·has· 
result.ed iri more.pre.cise. vaiues, commonly accepted calorie values 
for ruminants' may ~e used.· . . . . . . . 

. I •\'" .. ' 

. ~· ' ' 

PROT.E IN 

p .0 t t e r . a n d ~ ~ k ~ r : {l 9 7 0 ) . h ~ v e s um 111 a r i z e d t h e r .e c e h t res ea r ch as t 0 
~he apparent_qy~Jita~t~~ ~nd quahtitativ~ protein requirements of 
the horse.·'a.ng will ,riot (le repeated here.. They concl1,1ded that pro-
tein .re.q1,1ireme.n·ts for $Pec;i.f-ic .functions such as reproduction, work, 
etc. ~ere sJi ,lJ not kno_~Jl. · ·· · · · · · 

I·ti~·kn9wn'that protei'n ·qu!ality is of great importanc~ to the 
mat.~re .ani{Tl~l ! • Ther~ is.·' however-,. adequate experience and research 
to make ,r~c9111.mendati9_ns which are subject to constant .review and 
revisiori. · · "· · · · · 

Ho rs e ~ · · w h 9 s 'e · 'm ~ t lJ re · we i g h t. w'1 l 1 be . a b o u t 1 , 0 0 0 1 b s ~ u s u ~ l 1 y g row 
at a rate .. pf aJ;>out l~ to 2 lbs. claily, whereas. horses with a mature 
weight in Jxcess qf l ,~00 lb.s. usually grow at a rate of 2~ to 3 
lbs: ~aily guring th~ first six:.months after birth. It is then 
readily app_~renfthat different protein intakes are needed for 
diff~rent types of·hors~sJ · 

. ' . . . . . . . . . 

·Growth rate -is the ~ost significant· factor influentiDg protein re
qui~e.ment~ .. The reqlJirements are high~st per unit. of body weight 
(it birth and (:i~<;rea~e with growth until maturation. The mature· 
weight of an ~ni111al will .determine th.e recommended lev.e.l of protein 
in its gr~in ration~ . · 

i~e followigg jY~~e$ted protein levels assume that the grain ra-
tions will fric)ud~ high quality protein. In that the specific 
amino-acid reqyi·r.em.erit~ are yet to be determined, these recommenda.:. 
tions may b~ bri th~-g~n~rous side, enabling o~timum growth rate. 

SUGGESTEP PROTEIN NEEDS.QF IMMATURE EQUINE* 

Pounc;is 

Under 400 
401.:.606 · 
601.-800 
801'.'"1000 
l 00l~1200 
1201-1400 
Over 1400 

Unq~,r eoQ 

15. 5 
12~5 

. 10,5 

Ex~ected Mat1,1re Weight 

soo+ 1 o·oo. 

16. 5 
13. 5 
l l. 5 . 
10.5 

1001-1200 

18. 0 
14.0 
12.0 
11. 0 

. l 0. ~ 

120(-1400 

21. 5 
16. 0 . 
14.0 
12.0 

.. 11 . 0 . 
10. 5 

Over 1400 

24.0 
17.0 
15. 0 
13. 0 
12. 0 
11. 0 
10.5 

~~xpr~~s~~ ~s % total cryde protein 6f total air dry ration 
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There is inadequate research to date to specify all the individual 
amino acid reqLliremehts. Indications are that the lysine content 
of the growing rations should be about 0.75% for horses in the 
500 lbs. range and about 0.5% for horses in the 700 lbs. range. 

The proteih requirements for brood mares can generally be adequate
ly met with normal feeding levels used for mature animals except for 
the last three months of gestation and during lactation. About 2/3 
of the birth weight of the foal develops during the last three 
months of gestation. Should the protein intake be less than re
quired for foal development and body maintenance plus any work 
performed, there may be a time delay in resettling the mare. Lac~ 
tation increases significantly the protein requirements of the 
brood mare. Some mares may produce in excess of 4 gallons of milk 
per day with evidehce that individual mares may produce much more. 
Assuming a daily production of 30 lbs. of milk containing 2.4% 
protein, daily protein requirements increase by 3/4 lbs. daily. 
If 10 lbs. of grain mix was being fed daily, there would be an in
creas~ of 7.5% in protein level to meet req~i~ements. Feeding 
levels change, largely compensating for the increased nutrient 
needs in that the grain ration is generally increased at the ex
pense of the lower protein roughages. 

Brood mare protein recommendations expressed as percent protein 
in total ration (air dry basis) are: light work and early gesta~ 
tion, 12%; last three months of gestation, 14%; wet mares, 15%. 

The protein requirements fo~ the fully grown horse vary with th~ 
amount of use. With increased activity, there is a decreased 
efficiency of fe~d utilization (when feeding levels increase) and 
an increased rate of body metabolism, resulting in greater tissue 
repair requirements. 

Protein recommendations as related to activity are: mature and 
idle, 10%; immature and light training, 12%; performance or full 
training, also stallions in use, 14%. 

VITAMINS 

Hintz and Schryver (1970) have summarized the vitamin research with 
horses published since the latest NRC publication on the nutrient 
requirements of horses. The work reported has been rather limited, 
but this reference is suggested for those desiring to review the 
bas i c research w hi ch co n1t r i but es to arr i vi n g at , suggested vi tam i n 
levels in ho~se rations report~d here. 

It is generally assumed that all of the vitamins needed by ruminants 
and monogastric animals are also needed by the horse in that the 
individual vitamins perform very similar biological functions with
in each species. However, experimental work delineating those 
vitamins which should be added to a diet due to inadequate levels 
in feedstuffs, or not adequately synthesized within the body, has 
not progressed to the point that specific requirements can be cited. 
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The literature is not consistent in the recommended levels of 
supplemental vitamins. Undoubtedly these recommendations, based 
on empirical evidence, reflect a greater or lesser degree of con
servatism and the individual circumstances at the time the recom
mendations were made. 

Since research data with the equine is lacking, it may be best to 
use th~ knowledge gained from research.with other animals~ such as 
swine ~nd ruminants, to arrive ~t suggested vitamin needs of the 
horse. These und~ubtedly will be adjusted as more information be-
comes available. · · 

In the recent past, much of t_he livestock·wefe not fed s~pplemental 
levels of vitamins.· Growth rate, feed efficiency or performance 
were not measured. There was allowed extensive freedom in qrazing 
various types of forages, ~tubble fi~lds, etc. and few inad~quacies 
in the diet were revealed .. With confinem~nt and complete feed 
supplied rather than selective eating, deficiencies or inadequacies 

. were discovered. Similar parallels may be found_ in the equine in-
dustry .. With year-around stabling and the use of commercial feeds, 
etc., it is ve~y p-0ssible that improved performance may be ob
tained from the_ horse, .such as has been found with other animals. 

Based on commonly ~ccepted use rate~ of suppl.emental vitamins in 
.ruminants and Kentucky research, whith has indicated that vitamin A 
supplementation may be of value in improving breedi,ng performance 
of barren mares, it is suggested that the daily supplement of vit
amin A in units per head per day be 5,000 to 10,000 for weanlings; 
10,000 to l0,000 during light use and physical development; 30,000 
to 40,000 during training and showing; and 60,000 during the breed
ing season, particularly for barren mares. 

Recent research with swine indicates that vitamin E and/or selenium 
may b~ related to the ability to'w1thstand stress which may result 
in physiological shock. Undoubtedly, the demands placed on many 
horses are a form of stress. Washington State University research~ 
as well as Kentucky research, indicates that vitamin E supplements 
improve breeding performance. In that the level of vitamin. E 
supplement need~d in other species appears to be related to sel
enium levels in the diet, it is suggested that in those geographic 
locations where vitamin E and/or selenium deficiencies have occurred 
in other species of livestock, the horse be fed supplements of vit
a mi n E at the rate of 2 uni ts. vi tam i n E per 1 , 0 0 0 uni ts of s up P 1 e -
mental vitamin A. In areas apparently not experiencing vitamin E 
or selenium symptoms, a level of 1 unit of vitamin E per 1,000 units 
of vitamin A is suggested.· . · 

Vitamin D needs of the horse have received little attention. Ex
tensive exposure of the horse to sunlight resulting in adequate 
synthesis of this vitamin may be the reason. Under present-day 
management, sunlight exposure is often greatly reduced or aimost 
eliminated for prolonged periods of time. In addition, most of the 
commonly used feeds contain little or no vitamin D~ To insur~ 
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against an inadequacy, it is recommended that the daily supple-
m e n t. a 1 v i tam i n D be J , O O O - 2 , 0 O 0 u n i ts f o r y o u n g s to c k p r i o r to 
training; 3,000-4,000 units during early training or light use; 
and 5,000-6·,ooo units during training, early gestation and gen
eral .use. There may be j~stification for 8,000-10,000 onits daily 
during periods of severe stress and with problem breeders. 

The need for supplemental vitamin C is unknown. It is known that 
ther~ is a c~rrelation betwe~n barrenness or breeding performance 

. and low blood vitamin C. However, supplementation with high levels 
of vitamin t in these cases resulted in massive destruction of the 
vitamin-in the 'digestive tract. The nature of the results to date 
are incon~lusive, but should one desire to supplement vitamin C, up 
to 50 mg. per 100 lbs. of body weight daily may be a suitable level. 

It is known that many of the B-complex vitamins are synthesized by 
rumen microflora, and it has been a~sumed that similar digestion · 
in the cecum of the horse al~o results· in producing B-complex vit
amins: Recent re.search on absorption sites of various nutrients 
through~ut the dige~tive tract of the horse may cast some doubt on 
this concept~ It may be best to supplement B-complex vitamins, con
sidering that there may not be adequate synthesis or absorption 
w i th i n· the an i ma 1 , u n t i l res ear ch has i n d i cat e d o the rw i s e . I t may 
be good j~dgement to supplement the £-complex vitamins .as suggested 
in the following table, especially for those animals where opti.mum 
g~owth or performance is desired. 

SUGGESTED DAILY SUPPLEMENTAL B-COMPLEX VITAMINS* 

Thiamine, mg. 
Niacin, mg. 
Pyri·doxi ne, mg. 
Pantothenic Acid, 
Choline, mg. 
F o 1 i c acid, mg. 
Riboflavin, mg. 

Early Growth 

8-12 
20-30 . 

3-6 
mg. 10-12 

100-300 
4:6 

10-20 

Training and 
Heavy Use 

20-24 
100 

10-12 
24-48 

400-600 
10-12 
30-40 

Stress or 
Breeding Season 

25-35 
150-180 

12-18 
50-70 

700-800 
15-30 
50-60 

*Variations in feeding rate due to size, growth rate, 
or degree of use will generally correspond to the 
suggested range in supplementation level. 

To date there h·a v e been no i n di cat i on s that other vi tam i n s s u ch as 
K, bi·otin, inositol, etc .• need to be supplemented in the horse diet. 

MINERALS 

As reported by Hintz and Schryver (1970} there are divergent views 
as to the calcium and phosphorus requirements of horses and a lack 
of research which would suggest differing calcium and phosphorus 
levels based on the type of athletic activity. These workers, 
based on their research and a review of the literature, concluded 
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that the 1966 NRC estfmated calcium-and phospho~us le~els a~e too 
low and Teeter, et al. !.(1967) estimates are too high. NRC values 
are suggested minimu~ requirements and are usually exce~ded by 
about 10% in applied animal nutrition. However, it appears tha.t 
one should exceed NRC recommendations by as much:as 50% based on 
Cornel 1 research. 

Research is currently u·nder way at several stati.ons as to the c~l
cium and phosphorus requirements of the horse. These preliminary 
results indicate alterations may be forthcoming in the calcium 
and ph6sphorus recommendati.on~. Until further work is co~ducted, 
it is suggested that the NRC recommendations for calcium and phos
phorus be followed with a more liber~l .overage to exceed the ~1n
imum requir.ements. · 

Research on the trace mineral needs of horses appears._lacking. 

Fortunately the cost of. trace mineral s.upplement.:ation is. low~ and 
the animal's tolerance to levels in excess of exact requirements 
appears wide. The availability and level of naturally occurring 
trace minerals is ~~bject to que~tion. As a general rule, the 
total iodine, -zinc and cobalt needs of the hor·se should .. ,be pro
vided in supplemental form. At least 25% of the total cop~er, 
iron and manganese requirements should be supplied via supplem~nts. 
The following table may be used as a guide to supply these amounts. 

Mineral Element 

Copper 
Iron 
Iodine 
Manganese 
Zinc . 
Cobalt 

Added Per Ton of Grain Mix*· 

4 grams 
20 grams 

l gram 
20 grams 
90 grams 

0.09 grams 

*Assumes approximately 50% ration in pasture or roughage an.d 
50% grain mix by air dry weight. 
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BACKGROUNDING FEEDLOT CATTLE 

J. C. Meiske and R. D. Goodrich 
p_epartment of Animal Science 

University of Minnesota 

The term "backgrounding" as used in this paper is the raising of steer and 
heifer calves from weaning to yearling weights, or those weights preferred 
by commercial feedlots. Backgrounding may be practiced by feedlot operators 
that sell backgrounded yearlings or by farmer-feeders that grow their cattle 
to yearling weights prior to placing the cattle on high grain rations. The 
term "backgrounder" is a modernized term for a producer that grows or fits 
feeder calves. 

WHAT IS EXPECTED IN BACKGROUNDING 

The backgrounding operation involves taking a group of animals from a familiar 
environment and placing them in a foreign environment. This usually results 
in many kinds of stresses being imposed on these cattle: weaning, shipping, 
feed and water deprivation, excitement, changes in kind of feed, changes in 
the method of offering feed and exposure to diseases and, perhaps, parasites. 
Thus the backgrounder has the responsibilities of nursing these shipped 
animals back to a healthful state, teaching them to eat harvested feeds from 
a bunk, preventing and treating illnesses and diseases, building immunities 
and growing the cattle to feedlot weights efficiently and profitably. It is 
his intention to accomplish this while producing animals with sufficient 
profitability remaining in them so that they are in demand by commercial 
feedlots for finishing. . 

It is expected that the backgrounder will take care of vaccinations for diseases 
such as blackleg, malignant edema, leptospirosis, IBR, and BVD, that he will 
have the cattle free of parasites such as worms, lice and grubs, that he will 
have the cattle dehorned and castrated and that he will have the cattle in a 
good nutritional state ready to be fed high-grain finishing rations. 

As is true in any cattle operation, lack of management and supervision for 
health and nutritional problems is probably the number one cause of many back
grounding operations failing. 

Who should conduct backgrounding operations? Generally, it is the consensus 
of most cattlemen that backgrounding is most advantageously conducted in those 
areas or on those farms or ranches that have abundant forages and where there 
is a good market for the backgrounded cattle. In some cases wheat pastures or 
other growing forages are used; in other cases, salvage feeds or harvested 
feeds with a limited market potential are used. Where the feed resources exist, 
there is also the opportunity to utilize labor that is available on many farms 
from late fall to spring and to utilize facilities that may already be there. 
Backgrounding takes place during the time in a calf's life when he can make the 
most economical gain. · 

Some of the pitfalls of backgrounding must be recognized. 
may be involved in the buying, selling, shrink and having 
There is considerable risk in backgrounding due to health 
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calves. Since a majority of the calves are born in the spring and weaned in 
the fall, backgrounding is often conducted during the time of year when in
clement weather ma.y cause slow gains. Also, if gains during backgrounding 
are too rapid, a feedlqt finisher may discriminate against these fleshier 
cattle and prefer ·cattJ:.e in thinner condition. Thus, the use of a high-grain 
ration during backgrounding is precluded. 

Since only part of the total gain of animals from weaning to market weight is 
acquired during the backgrounding period, a large profit per head cannot be 
expected. Thus, the backgrounder must be a sharp buyer.since there is little 
total gain to cover errors in weights caused by variations of fill and shrink 
of the cattle. 

In Minnesota, and most of the midwest states, a large supply of calves is not 
near by, nor are there many large connnercial feedlots. Thus transportation 
costs for a backgrounding operation may be high. In the midwestern states 
it has been the practice of the farmer to grow or background the cattle and 
finish the cattle himself. 

To produce the kind· of animal desired in most connnercial feedlots (about 700 lb), 
the amount of grain in the ration of growing calves must be limited. For the 
majority of our cattle, many feel that gains shou.ld probably be 1. 75 to 2. 25 lb 
per·head daily. If gains are more rapid than this, the feeder steer will have 
too IllUCh condition; if slower than this, gains during backgrounding won't be 
profitable enough. Some suggest that if the cattle are to be used for grazing 
pastures following the winter period, gains should not exceed 1.5 lb per head 
daily. In any case, costs of gains must be kept low if profits a.re to be 
earned. Brethour and Duetsman (1971) described a desirable backgrounding 
ration as one that produces fast' efficient gains without fattening' yet makes 
maximum use of roughage. 

REPORTS OF BACKGROUNDING STUDIES 

Several stations have reported results of feedlot comparisons of backgrounding 
rations. In addition, the rations used in growing calf trials have application 
as backgrounding rations. 

Thompson, Hedrick and Dyer (1970) reported the results of six experiments to 
determine the effects of energy, protein and stilbestrol on efficiency of gain 
during post-weaning growth periods and subsequent perfonnance and carcass 
characteristics when the cattle were fed to slaughter. Steers fed rations 
containing amounts of protein and energy sufficient to produce daily gains of 
1.8 to 2.3 lb during backgrounding produced more efficient gains to slaughter 
weight arid had carcasses superior to steers fed lower protein or higher-energy 
backgrounding rations. Feeding adequate protein increased gain response to 
diethylstilbestrol. Steers fed at .submaintenance levels of energy during 
backgrounding ultimately produced carcasses with more outside fat cover, lower 
marbling scores and lower carcass grades than steers fed to gain 1 to 1.5 lb 
per head daily. Steers fed to gain 1.8 to 2.3 lb per head daily during the 
backgrounding period required the least total time in the feedlot and the 
least amount of TDN/lb gain. 

Hubbard (1956) stated that forage sorghum silage was the major crop used in 
Texas to grow and develop calves. If it was desired to graze the calves in 
the spring, Hubbard suggested that gains during backgrounding should not exceed 
1.5 lb per head daily. Sorghum silage and supplement, but no grain, was fed in 
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such .a program. However, if the cattle were to be finished after backgrounding, 
daily gains during backgrounding of 1.75 to 2.00 lb were produced by including 
an amount of grain in the ration equivalent to about 1 percent of the body 
weight of the calves. Brethour and Duetsman (1971) have suggested the same 
rates of grain feeding using milo or rolled wheat. 

The Colorado station (DeLay and Matsushima, 1971) recently reported results of 
feeding background rations containing flaked corn, ground hay and corn silage 
to.calves. The three rations compared produced average daily gains of 1.52, 
1.85 or 2 .21 lb when fed to 488-lb calves for 116 days. All backgrounded 
calves were fed 90%-concentrate rations to slaughter. Total investment (in
cluding steer cost, interest, feed yardage) per 100 lb of finished steer varied 
only from $29.81 to $30.43. There were no significant carcass differences. 

Steers wintered to gain 1.32 lb per head daily and then finished in drylot pro
duced the fastest ove.rall gains in North Dakota studies (Dinusson et al., 1971). 
Slowest overall gains were produced by steers fed to gain o.66 lb daily during 
the winter, pastured for 90 days and then finished in dry lot. These workers 
stated that a program in "!hich calves had winter gains of 2.20 lb per head 
daily was superior to that in which winter gains were 1.32 lb daily. 

THEORETICAL CALCULATIONS 

Using results of trials conducted in Minnesota, Michigan, South Dakota, Iowa, 
Indiana and other stations involving over 3000 head of cattle, Goodrich and 
Meiske (1971) developed the following equation to calculate the amounts: of TDN 
required for cattle., at· various rates of gain: 

TDN/day = r.44 + 0.038 w0 ·T5 (1 + o.48 ADG) 

where TDN is in pounds, Wis weight of the animal in pounds and ADG is average 
daily gain in pounds. 

I 

Table l presents the results of calculations to determine the required daily 
TDN intakes of cattle at various rates of gain: 1) from 450 to 700 lb, 2) from 
450 to 1000 lb, 3) from 700 to 1100 lb, and 4) from 700 to 1050 pounds. The 
cattle growing from 450 to 700 lb were considered as typical backgrounded or 
growing cattle. The cattle gaining from 700 to 1100 lb were considered as 
typical thin feeders fed a high-grain ration to market weight. The cattle 
gaining from 700 to 1050 lb represented fleshy feeder cattle fed to market 
weight ~d those gaining from 450 to 1000 lb represented calves fed a high 
energy ration to market weight. 

In further. analyses of' their data, Goodrich and Meiske (1971) developed the. 
following equations to predict dry matter consumptions (in pounds) by cattle 
of the British breeds in these previously described categories: 

1) Calf to yearling feeder weight: 

DM intake = 0.0157 w + 0.2774 (% DM) - 0.0021 (% DM) 2 - 4.48 

2) Calf to market weight: 

DM intake - 0.0157 W + 0.2774 (% DM) - 0.0021 (% DM) 2 - 4.69 
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4) Thin yearlingicto market weight: 

DM intake = 0.0157 W + 0.2774 (% DM) - 0.0021 (% DM) 2 ~ .2.38 

In these, and the following equations, DM is dry matter, Wis weight 'of the 
animal in pounds and % DM is the dry matter content of the ration expressed 
as percent. All factors considered (type and weight of the cattle and dry 
matter content of the ration) in developing these equations had significant 
influences on feed consumption . 

To predict feed consumptions (in . pounds)· on an as-fed or wet weight basis, 
the equations become: 

. 1) As-fed intake = 27.74 - 0.21 (% DM) + 1.57 w..:. 448 
(% DM) 

2) As·-fed intake = 27.74 - 0.21 (% DM) + 1.57 w - 469 
(% DM) 

3) As-fed intake = 27.74 - 0.21 (% DM) + 1.57 w - 324 
(% DM) 

4) As-fed int8.ke = 27.74 - 0.21 (% DM) + L57 w - 238 
(% DM) 

To maximize gain, energy intakes of cattle must be maximized. These equations 
show that maximum dry matter consumption is expected when the ration contains 
66% dry matter. Feeding rations containing more or less than 66% dry matter 
Vlill result in lowering dry matter consumption. Thus, the dry matter content 
of corn silage will have a significant influence on dry matter intake. 

A multitude of backgrounding programs can be dedigned. These may·va.ry with 
the type of cattle, the length of feeding period desired and the season. 

HYPOTHETICAL COMPARISONS OF BACKGROUNDING AND FINISHING CATTLE 

Based on the equations developed (Goodrich and Meiske, 1971), some hypothetical 
examples can be used to calculate costs of the total program for producing 
market cattle. Programs in which calves are fed high energy rations directly 
to market weight, or programs utilizing backgrounding designed to produce a 
fleshy feeder or thin feeder for finishing may then be compared. The following 
programs were selected for.these comparisons: 

I. Calf fed a high energy ration to market weight, no silage. 

II. Calf fed a high energy ration to market weight, ration consisting 
of 40% corn silage ori ~ a.s-fed basis. 

I 

III. Backgrounded calf fed a 90% corn silage ration to produce a 700 lb 
thin yearling (1.0·1b ADG) then fed a high-energy ration containing 
40% corn silage to a market weight of 1100 pounds. 
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IV. Backgrounded calf fed a 90% corn silage ration to produce a 700 lb 
thin yearling (1.4 lb ADG); then fed a high-energy ration contain
ing 40% corn. silage to a market weight of 1100 pounds. 

V. Backgrounded calf fed an 80% corn silage ration to produce a 700 lb 
thin yearling (1.8 lb ADG); then fed a high-energy ration containing 
40% corn silage to a market weight of 1100 pounds. 

VI. Backgrounded calf fed a 70% corn silage_ ration to produce a 700 lb 
fleshy yearling (2.2 lb ADG)-, then fed a high-energy ration contain
ing 40% silage to a market weight of 1050 pounds. 

Program I was selected to illustrate the performance expected from feeding an 
air dry ration. In Program II, a ration containing 40% corn silage (35% dry 
matter content in silage) theoretically will maximize feed intake~ In Programs 
III, IV, V and VI, the background rations selected were those rations calculated 
to maximize the amount of silage used to produce the desired gains. The finish
ing rations in Programs III, IV V and VI were selected to contain 40% corn 
silage because the resulting ration would contain 66% dry matter and dry matter 
consumption is expected to be maximized at this point. TDN intake and, hence, 
gain would also be nearly maximized with this ration. Theoretically, the gains 
produced by steers fed 40% corn silage in their ration will equal or slightly 
exceed those produced when an air-dry all-corn ration is fed. For all the 
examples it was assumed that 1 lb of a proper supplement would be fed to meet 
all nutritive and additive needs. 

Data presented in table 2 are those calculated for backgrounding calves from 
450 lb to 700 lb at .four different rates of gain. Cattle gaining at the more 
rapid rates make their gains at lower costs than those fed for slower gains. 
Use of forages is highest in Program III and decreases to the lowest amount 
in Program VI. If forage is $1.00 per ton lower in cost than the values used 
in these calculations, costs of gains during backgrounding would be decreased 
accordingly (about $1.37 less per 100 lb gain for cattle in Program III, $0.98 
less in Program IV, $0.62 less in Program V and $0.41 less in Program VI. 

Table 3 summarizes the data calculated for the finishing phases of all programs. 
At the prices used, rations containing corn silage would produce slightly faster 
and more economical gains than a ration containing no corn silage (Program I vs. 
Program II). 

The data shown in table 4 are sunnnarized from tables 2 and 3 and include economic 
data for the entire feeding period for cattle in each program. Total feed cost 
is less for finishing calves without backgrounding since they are fed a shorter 
period of time and marketed at lighter weights. Non-feed costs are lower for 
finishing calves than for finishing backgrounded yearlings also because of the 
shorter feeding period. However, because the backgrounded cattle are marketed 
at heavier weights than calves which are fed high-grain rations for the entire 
feeding period, the total return per steer over the entire feeding period is 
greater for cattle fed backgrounding rations that produce 1.8 to 2 .2 pounds 
average daily gains to 700 pounds. 

Cost per 100 lb gain over the entire feeding period for-cattle in the various 
programs differs little among Programs I, II, V and VI with the feed prices 
used .. However, cattle fed for low rates of gain during backgrounding would 
have the highest costs per 100 lb gain (Program III) since a high proportion 
of their feed is used for maintenance and non-feed costs increase. If forages 
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were lower in cost than the values used in these calculations, the programs 
utilizing the higher a.mounts of silage would show increasing advantages. Each 
$1 change in value per ton of corn silage would result in $0.17 difference per 
100 lb gain for cattle in Program II, $0.64 in Program III, $0.49 in Program IV, 
$0.35 in Program V~ and $0.28 in Program VI. 

In situations where a feeder finishes his own cattle, return per steer will be 
greater if he backgrounds the cattle to gain 1.8 to 2.2 lb per day .to 700 lb 
since he will maximize efficiency of gains during backgrounding and will market 
more total pounds. As forage become:s relatively ch.eaper, an increase in return 
per steer will be realized f~r those feeders that maximize use of the forage in 
a backgrounding program to produce 1. 8 to 2 .2 lb average daily gains. 

SUMMARY 

Backgrounding cattle operations involve growing calves to desirable yearling 
feeder weights, body condition and in a manner that will result in a profit 
for the backgrounder as well as the feedlot finisher. Backgrounding also 
involves giving attention to immunization and health problems as well as 
nutritional and economic problems. Background feeding implies using rations 
containing high amounts of forage and producing economical gains. In some 
operations, grazing of pastures is used •. Several hypothetical programs were 
compared. At the prices. used ( $11.00/ton of 35% dry matter corn silage) 
costs per 100 lb gain were similar for calves fed a high-grain ration for the 
entire feedlot period or for calves that were first backgrounded to gain 1. 8 
to 2.2 lb per day to 700 lb and then finished. Total returns per head were 

.greater for the backgrounded cattle.· If forage prices were lower than those 
used, returns over the entire feeding period for backgrourided cattle gaining 
1.8 to 2.2 lb per head daily would be increased further. . 
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Table l. Amounts of TON required by cattle.a 

C~lf-to- Calf-to- Thin yrlg.- Fleshy yrlg:-
yearl ~ngr market to-market to-market, 

AOG. 450-700 lb- 450-1000 lb 700-1100 lb 700-1050 lb 
lb ------------------TON required/day, lb---------------------

l.O 
l.4 
l.8' 
2.0 
2.2 

' 2.4 
2.6 
2.8 
3.0 
J.2 
3.4 
3.6 
3.8 

8.04 -
8.90 

'9 .'76 
10.19 
l 0 .61 
11.04 
-11 .47 

· ..... 

11 .34. 
11 .85 
12.36 
12.87 
13.38 
13.89 
14.39 
14 .-90 
15 .41 

14.88 
15.48 

. 16.08 
16.68 
17.28 
17.87 
18.47 
19.07 

14.01 
14.60 
15. 18 
15~ 77 
16.36 
16.94 
i7.53 
18.12 
18.70 

a From Goodrich and Meiske (1971): TON/day= 1 .44 + 0.038W0.75(1 + 0.48 AOG). 
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Table 2. Comparisons of four hypothetical programs for finishing steers (background phase). 

Program No. I 11 111 IV v VI 
Program description Finishing Finishing Background to Background to Background to Background to 

calves,air calves, 40% thin yearling, thin·yearl ing, thin yrlg., then fleshy yrlg., 
dry ration ··silage ration then finish then finish finish then finish 

Avg wt., 1 b 575 575 575 57.5 
Expected dry matter 

consumption, lba 12.32 12.32 12.83 13.23 
As fed consumptiona lbb 30.20 30.57 28.14 25.99 
TON consumption,lb 8.04 8.90 9.76 10.61 
Avg daily gain, lba No No 1 .00 1.40 L80 ~ ·..;:. 2.20 
Days to gain 250 lb background background 250 179 139 114 
Avg daily ration, lb phase phase 

Corn silage 27.51 27.51 22.51 18.19 
Supplement 1.00 1.00 1.00 1.00 
Hay 1.69 0.91 0.80 0.31 
Corn -- 1.15 3.83 6.49 

Total feed ~9nsumption, lbc 7550 5472 3911 2963 
Corn s i 1age,1 b 6878 4924 3129 2074 
Supplement, lb 250 179 139 114 
Hay, lb 423 163 111 35 
Corn, lb --- . 206 532 740 

Feed cost, $d 54.56 41. 78 35.91 32.26 
Non-feed ·cost,$e 32.00 24.90 20.-90 18.40 
To ta 1 cost , $ 86.56 66.68 56.81 50.66 
Cost/100 lb gain,$ 34.62 26.67 22.72 20.26 

a Calculated from formulae of Goodrich and Meiske (197l):see text. Ration composition calculated using 80. 1% TON 
for corn and supplement, 48.4% TON for hay and 24.5% TON for,35% DM corn silage .. 

b Calculated us~ng 88% dry matter for air dry fe~ds (corn, hay, supplement) ~nd 35%:dry matter corn silage. To 
achieve the desired gain in Program I I I, consumption has to be limited to slightly less. than expected maximum of 
30.57 lb/head daily. 

c Assumed 1 lb supplement replaced 1 lb corn to meet protein requirements. 
d Feed prices assumed: corn, $2.00/100 lb; hay,$20.00/ton; supplement, $100.00/ton; corn silage,$11 .00/ton. 
e Assumed to be $7.00 per head plus 10¢/day. 
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Table 3. Comparison of fou~ hypothetical programs for finishing steers(finishing phase). 

Program no. 
Program description 

I 
Finishing 
calves, air 
dry ration 

Initial wt., lb 
Final wt., lb 
Avg wt., lb 
Expected dry matter 

consumption, lba 
As fed consumption lbb 
Maximum TON consumption,lbc 
Avg daily gain,lbd 
Weight gain to market,lb 
Days to market 
Avg daily ration, lbe 

Corn silage 
Supplement 
Corn 

Total feed consumptron,lbe 
Corn, lb 
Supplement, 1 b 
Corn silage, lb 

Feed cost,~f . 
Non-feed costs,$f 
Total cost,$ 
Cost/JOO lb gain,$ 

450 
1000 
725 
14.84 

16.86 
13 .so 
2.65 

550 
208 

l.00 
17.01 

3507 
3299 

208 

76.38 
~ 27. 80 
104 .18 
18,94 

a,b See footnotes, table 2. 

F • I J h .. 1n1s 1ng 
.calves, 40% 
sJlage ration 

450 
1000 
725 
15.85 

23.73 
l3.72 
2.74 

550 
201 

9.48 
l ,0 

13 ,24 
4770 
2661 

201 
19.08 

7l.76 
27. 10 

100.86 
18.34 

111, IV, V 
Finisfring thin 
yearlings, 40% 
silage ration 

700 
1100 
900 

20.91 

31 .30 
18 .11 
J.48 

400 
115 

12.52 
l ,00 

17.78 
3600 
2045 
115. 

1440 
54.57 
11 . 50 
66,07 
16,52 

VI 
Finishing fleshy 
yearlings, 40% 
silage ration 

700 
1050 
875 
19.66 

29.43 
17 .02 
3.23 

350 
108 

11'77 
l .,oo 

16,66 
3178 
1799 

108 
1271 

48,37 
10 ,80 
59. 17 
16 .. 91 

c Assumed corn and supplement to contain 80~1% TON as fed and corn silage to contain 

d. 
24.5% TON as fed. 
Calculated from formulae of Goodrich. and Melske 0971): See text. 

e See footnote c, table 2. 
f See footnote d and e, table 2. 
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Table 4. Comparison of four hypothetical programs for finishing steers (450 lb to market). 

progr.am no. II 111 
Program description Background at 

Finishing Finishing I· lb/day to thin 
calves, air calves, 40% yearling, then 
dry_ r_at i_on s i 1 age rat.fan finish 

Initial wt., lb 
Market wt. ,lb 
Days fed 
Initial value of steer,$a 
Total feed consumpti.on, lb 

Corn silage 
Supplement 
Hay 
Corn 

Total feed cost,$ 
~ Total non-feed cost,$ f Total cost of gain,$ 
· Cost/100 lb gain, $ 

Tota I invested, $b 
Market value of steer,$c 
Return over cost/steer,$d 

a . 
Used $40.00/100 lb. 

450 
1000 
208 
I 80 .00 

208 

3299 
76.38 
27.80 

104. 18 
18.94 

284. I 8 
300.00 

15.82 

450 
1000 
201 
180.00 

1908 
201 

~(>61 
73,79 

. 27. JO 
J00.86 
18 .34 

280.86 
300.00 

19. 14 

b Initial price of steer+ feed cost+ non-feed costs. 

450 
1I00 
365 
180.00 

8318 
365 
423 

2045 
I 09 .13 
43.50 

152.63 
23.48 

332.63 
330.00 

2.63 

~ Used $30.00/100 lb. 
Return to cover management, shipping, buying and profit. 

IV v VI 
Background at Background at Background at 

1 .4 lb/day to 1.8 lb/day to thin 2.2 lb/day to 
thin yearling, year 1 i ng, then fleshy yearling. 
then finish finish then finish 

450 450 . 450 .. 
1100 1100 1050 ~ ~' 
294 254 . 222 
180.00 180.00 180.00 

6364 4569 3345 
294 254 222 
163 . 111 35 

2251 2577 2539 
96,35 90.48 80.63 
36.40 32.41 29.20 

132.75 122.89 109.83 
20.42 18.91 18.31 

312.75 .302.89 289.83 
330.00 330.00 315.00 

17.25 27. 11 25.17 



FEEDING WASTE PRODUCTS 
)-; . 

,,,,W. Brady Anthony 
Alabama Agr;i.culture Experiment Station 

Auburn University 
Auburn, Alabama 36830 

Why feed waste products? Because this is a nutrition conference, 
one migh~ forthrightly respond that many waste products have 
feed value and to use these as feed offers potential for lower~ 
ing the cost of livestock production. In additicin, some of us 
might hold that there is near at hand a worldwide shortage of 
food products which suggest a need to find substitute feeds for 
livestock so that feed grains now fed to livestock can be 
released for direct consumption by man. On the other hand, 
since improperly managed waste prod~cts pollute the environment, 
"social g6als.£or environmental quality'' (1) may be the dominant 
rea~on foi att~mpts to feed waste ~roducts. 

I submit that there is of necessity an element of both of these 
rationales in waste recycling research. Salvage cost of waste 
products is never zero and, in mo~t instances, salvage cost will 
equal or exce~d the market price of a unit of standard feed item 
ha~ing equal or greater nutritional value. Thus, feed value 
alone does not of fer currently or in the foreseeable future 
$Ufficient incentive to cause organic waste produ~ts to be 
.channeled out of the "pollutant dump" and into clean, estheti
cally acceptable livestock feeding plans. In my own research 
cohderning recyciing of animal feedlot waste, ~ollution abate
me~t ~nd improved feed efficiency have been dual objectives. 

Once ~gain because this is a nutrition conference and my orien
tation is that of a nutritionist, I wi11· examine certain types 
of waste products as feed potentials for livestock. I am very 
much aware as you are of the broader and perhaps more important 
role of waste products as noxious pollutants of the environment. 
My thesis is that certain of these waste products can be effec
tively used NOW as animal feeds, thus removing them partially 
or totally as pollutants. 

In this r~view, I. will discuss cellulosic products, hemocellu
lose extracts, fluid whey, paunch contents, and manure. My 
review will not be exhaustive; I will si~ply cite data to 
support my interpretive .evaluation. 

CELLULOSIC PRODUCTS 

Newsprint and Paper Pulp 

Titus (30) in 1926 illustrated potential feeding value for 
purified paper, pulp. He fed a ratioh contain~ng·up to 60% 
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purified paper pulp and found the pulp to be as digestible as 
~lfalfa hay. In 1935, Mead and Goss (24) fed paper ~ulp to 
dairy ~ows up to 12% of the rati6n dry mattet without decrease 
in ration digestibility or intake. In more recent times, much 
interest was shown in the work of Kesler and associates (23) 
at Pennsylvania~State University in which they used waste paper 

·as a carrier of--molasses. The product had excellent storage 
qualities and when fed to dairy heifers produced gains compar
able to gains made by control animals. 

Danieli and Campbell (17) fed Holstein heifers a ration cont~in
ing 12% newsprint and these heifers made live we~ght g~ins 
compara.ble to a control. group of heifers. · 

In' a Texas feeding trial with Hereford heifers (21), paper was 
equal to alfalfa hay when each was used at 15% to supplement· a 
sorghum grain ratiori. 

Hawkins, et al. (22) fed dairy cows rations containing 34 to 
50% of newsprint for periods of two weeks to one year . .' A(!cept
abi.li ty of new'sprint rations varied and was improved by supple
menting the ration with one pound of long hay. Direct mi~ro
scopic count of rum<:;n bacteria showed that the maximum pop.ula
tion· was reached six hour~ post-feeding whereas it was two hours 
post-feeding for a conventional ration. Rumen VFA were not 

:changed by newsprint rations. 

These data, therefore, reveal that newsprint and paper p~;p can 
be used in rations for c~ttle at levels u~ to about 12' without 
~d~er~ely affecting live ~eight gain or feed efficiency. N6 
long term studies· appear to have been carried out t.o deterrni'ne 
if herds 6f mature breeding cattle and sheep can be maintained 
satisfactorily on rations made up largely of newsprint ~r paper 
pulb. In view of the fact that about 400 pounds of p~per are 
discarded per person annually, there would appear to be much. 
justification for long-term feeding trials with cows and ewes. 

Wood 

The enor~ity of wa~te wood and waste wood products available in 
the United States on an annual basis was cited by Scott, Millett, 
and Hajny (27). These millions of tons of wood residues and 
bark might potentially be used, at least in part, as feed for 
livestock. In times of national emergency, cellulose pulp and 
wood waste.have been used as maintenance rations for cattle and 
horses. Wood residues generally have low feeding value and 
appear to have most usefulness in feeding programs in 'the United 
Stat~s as dilutants to limit conceritrate consumption or at mini
mal levels in all-concentrate-type ration~ for finishing.~laugh
ter cattle. 

In feeding trials conducted at Auburn, we found ~ concentrate 
ration containing 10% of oak sawdust fully equal to a ration 
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formulated and fed in the same manner except that ground Coastal 
hay was used instead of the oak sawdust (11). We also found 
that we could successfully use oak sawdust to produce a sawdust
protein-mineral-vitamin pellet for co-feeding with whole corn. 
This pellet .could be manufactured at the source of the sawdust 
and ~hipped to cattle feeding facilities. The results of feed-
ing this type pellet at Auburn were encouraging, but apparently 
no commercial use has beeri made of it. 

El-Sabban and associates (18) have systematically 
sawdust as a component of a steer feeding ration. 
ration containing 15% of coarse oak sawdust was as 
One containing Timothy hay in lieu of oak sawdust. 

examined oak 
They found a 
nutritious as 

The relatively low nutritive value 9f intact wood as an energy 
source for ~attle seemed to be clearly indicated in research 
reported from California (32). These researchers measured the 
nutritive value for sheep of grazed chamise (Adenostoma fasicula
tum) and interior live oak . (Quercus wislizenii) and the resu.l ts 
showed that the brush had limited feed value. Aspen wood (26) 
and cotton ~ood (31) may be exceptions in that these woods appear 
to have reasonably high dry matter digestibility for cattle and 
sheep. 

Th~te is a wealth of information concerning chemical treatment 
of wdod residues to r~nder them more digestibl~ by rumen ~icro
organisms (see reference cited by Anthony (11]). An int.eresting 
factor is that wood fiber is changed during its passage through 
the animal digestive tract (11). · 

HEMOCELLULOSE EXTRACTS 

The prehydrolyzate liquor out of a pulping digester can be con
centrated to produce a feed-grade type molasses (19). In my 
laboratory we have taken the raw product from a pulping digester, 
concentrated it to a molasses, and fed it to cattle. The wood 
molasses we made contained less Ca, K, and Mg than cane molasses; 
it contained more P, Na, Fe, St, Zn, and Mn. Compared to cane 
molasses, the wood molasses contained less total sugar and 
flucose but more zylose. In feeding tests with cattle, the wood 
molasses was not palatable. When offered the wood molasses in a 
self-feeder, cattle would not consume the product. However,· the 
same cattle would readily consume cane molasses. A blend 1:1 of 
wood molasses and cane molasses likewise was note accepted by 
the cattle. In mixing rations, the wood molasses Used at a.10% 
level was consumed by cattle in about the same fashion as the 
same ration in which cane molasses.substituted for the wood 
molasses. Apparently,. there is a great quantity of p~ehydroly
zate. liquor currently being produced. This product has feeding 
value for cattle, but when concentrated it has a serious palata
bili~y handicap. Perhaps innovation in.processin~ could:over
come this serious characteristic. 
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FLUID Wi-IEY 

The use of reverse osmosis and ultrafiltration have broadened 
the base for utiJi zing whey as ·food. The products derived from 
processing flui~whey through these instruments will usually be 
utilized in foods for human consumption. 

My research with whey has been directed toward nitrogen enrich
ment of the whey for feeding to ruminants. Fluid whey neutra
lized with ammonium polyphosphate or anhydrous ammonia can be 
fermented by lactic acid bacteria to produce more lactic acid. 
By neutralizing once again with anhydrous ammonia, the .fluid 
whey can be further fermented to yield more lacti.c acid. By 
alternately neutralizing with anhydrous ammonia and fermenting, 
we have been able to inciease the crude protein equivalent (dry 
matter basis) from an initial value of about 29% to a final 

. value of about 95%. Some typical data are shown as follows: 

Inc~bation Period 
·37°C · · · 

Initial wheyij 
24 hr. whey I;· 
48 hr. whey "3/ 
72 hr. whey 21 96 hr. whey -

Four experiments 

Y Two .·experiments 

.~/ Three experiments 

Lactic Acid 

% 

18.84 
31. 70 
41.61 
59.93 
69.08 

Crude Protein 

% 

29.85 
·43.88 
52.64 
64.85' 
95.43 

Note: All values other than initial are from wh~y inoculated 
with culture of Lactobacillus delbrueckii, L. casei, and L. 
plantarum .. Prior to each incubation period; the pH was aajusted 
to pH 7.0 with ammonia.gas. 

Further, our studies have revealed that ammonium lactate is 
readily and efficiently utilized by the ruminant as a source of 
nitrogen. · Ammonium lactate is more slowly hydrolized to ammonia 
than is true for urea, ammonium acetate, ammonium sulfate, and 
ammonium polyphosphate. In feeding trials with lambs, ammoniated 
whey was used as effectively as a comparable ration except that 
cottonseed meal was used in lieu of ammoniated whey. In this 
same trial, .chemically pure ammonium lactate was used more 
effectively than urea. 'It appears that fluid whey can b~ greatly 
enhanced as rumirtant feed by the process of fermentation and 
ammonification·followed by concentration. 

PAUNCH CONTENTS 

Goodrich and Meiske (20) reported relatively low feeding value 
for dry rumen contents fed to cattle. It was suggested that the 
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temperature 0£ dryin~- may have adversely affected the feeding 
v~lue of crude protein in the rumen contents. Anthony and co
workers (8) suc~essfully ensiled paunch chyme by mixing it with 
grass hay. There was a desirable lactic acid fermentation and 
the final product ~ad a typical silage odor. It was_ found that 
wood pulp and sawdust were inadequate products to blend with 
paunch contents for storing as silage. ~hese products were 
fermented to produGe a large amount amount of gas and foul odor. 
There is much need to develop a procedure for recycling paunch 
contents as animal feed. There is a great volume of this product 
and it is potentially a noxious pollutant. Progress toward prac
tical proces~es to render rumen contents a useful animal feed 
has been inexcusably postponed. 

MANURE 

~he potent{al for recycling manures for livestock feed are ade-· 
quately recorded in recent reviews (2, 14). 

'.· 
No attempt -wili be made to reevaluate published·research. The 
published reviews should be c6nsulted for this information. 
At Auburn we have devoted considerable time over several jears 
tb developing procedures for recycling cattle waste as feed. A 
cursory summary of this research is presented as follows: 

"Research was initiated in 1960 relatave to using feedlot 
manure as feed - recycling of animal waste. Initially 
manure was washed over a screen and only the coarse 
residue from manure was fed. This product when blended 
with.corn and hay and held overnight was successfully fed 
t6 steers. The steers in the initial test gained 3.39 
pounds daily. In a repeat trial, Holstein bulls ~ained 
3.68 pounds daily for 110 days. To simplify the proce
dure, Wastelage was introduced. It it a blend of manure 
(57 parts) _and grass hay (43 parts). Wastelage proved to 
be a highly useful means of recycling manure .. · Manure 
was collected from steers on concrete and made into 
0astelage -.a6out 45 pounds per steer. The ration for 
the steers consisted of corn (60 parts) and Wastelage 
(40.parts); beef brood cows received Wastelage not fed 
the steers. Production and feeding of Wastelage showed 
approximately one beef brood cow could be supported on 
the surplus 0astelage made from the steer manure when 
.the ration for the steer was ciorn and Wastelage. During 
ensiling, the Wastelage was subjected to a lactic acid 

·fermentation. Test revealed parasitic nematodes did not 
mature in Wastelage and, therefore, manure recycled 
thr6ugh Wastelage was ncit an avenue for infecting animals 
with internal parasites. Corn-Wastelage ration was not 
significantly improved for steers_ by adding a protein 
supplement. .The latest development has been_· to blend 
and_ensile corn (48 parts), hay (12 parts), ~nd manure 
(40 parts). This product ensiles with the production 6f 
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lactic acid. It has supported rapid and efficient 
gains by steers; heifers, and lambs. In nitrogen 
balance trials with lambs, Wastelage-fed animals 
maintained a positive N balance. Manure was fermented 
to produce:·J~ct{c acid and this acid was neutialized 
with anhydrpus ammonia. By this procedure, a product 
was produced h~ving a crude protein equivalent of · 
about 45 per cent. When fed to lambs, this product 
supported a po~itive N balance. Chemically manure 
from steers fed for rapid ~ain c6ntained about 3 per 
6ent~s~gar extractable by· so per cent ethanol and 
abou~ 25 per cent starch e~tractable by 53 per tent 
perchloric .acid. In vitro digestibility dat~ show 
steer manure to contain considerably more digestible 
dry matter than Coastal bermudagrass hay. Much of the 
data we have collec.ted . in . this research are summarized 
in several publications" (4,5,7,7,9,lO,ll,12,13,14,15, 
16' 25' 2 8) . 

Based on the r.esearch we have done, I am convinced that feedlot 
waste represertis a valuable product for feeding. To realize 
the full potential of manure f6r feed, it~ use ~ust be blended 
into a complete manage~erit program. Manure collected from con
centra le fed cattle house·d on concrete should be blended with 
grain and stored in an oxygen controlled silo. This ensiled 
corn-manure product would be the ration fed the steers. Part 
of the manure collected from the steers could be blended with 
a grass forage (Wastelage) and stored in another silo. This 
product could be used as the total ration for beef brood cows. 

·The ~rood cows would not be hotised in confi~ement; In order 
·fbr this procedure for recycling manure to be effective, there 
must be fabricated and positioned equipment for aritomating the 
proc~ssing of manure into silages. When manure is properly 
ensiled, lactic acid production will cause the final silage to 
be unencumbered as ~ carrier of intern~! parasite infection 
.and ~ost probably fr~e as a carrier of pathogenic bacteria 
such as .Salmonella. · 

There a~e othei means of recycling manure. 
Gordon (29) have demonstrated ·the value of 
cattle manure 'to improve digestibility. A 
offer~ an opp6rtunity to process manure to 
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