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INTRODUCTION 

MICROBIAL.rPROTEIN SYNTHESIS IN THE RUMEN 

Marshall D. Stern, 
Department of.Animal· Science 

University of Minnesota, St. Paui 55108 

. 
. -· 

The rumen is a site where digestion occurs through.the action of microbes t~at 
live in symbiotic association with the. animal... Ingested dietary protein is: , 
extensively degraded in the rumen to amino,acids and deaminated to ammonia, and 
both are used as a source of nitrogenous nutrients for the synthesiscof r~men 
bacterial and protozoal protein· (figure 1) _: _Microbial protein synthesis in the 
rumen requires specific nutrients such as sulfur, branched-chain fatty acids 
and trace !lutrients, however unde.r most dietary circumstances these substances 
are not limiting._ Nutrient supply to the.microbes is therefore considered 
largely in terms of the ruminal availability of nitrogen and of digestible 
organic inatter (mainly carbohydrate) that can be. fermented in the rumen to 
provide a carbon skeleton and energy in the form of adenosine triphosphate· for 
microbial protein synthesis. 

CONTRIBUTION OF MICROBIAL PROTEIN TO THE HOST 

Under most feeding practices, microbial protein comprises a substantial part 
. of the protein. entering the small intestine, where enzymatic digestion releases 

amino acids that are absorbed to furnish the animals needs. In general the 
amino acid composition of duodenal digesta usually -reflects that of microbial 
protein except on diets where significant.amounts of dietary protein have 
avoided degradation. The true digestibility of microbial amino acid-nitrogen 
was recently determined by Storm and ~rskov (19S2) to be 84.7% in lambs, while 
the efficiency of utilization of 'absorbed AA-N was 80.1%. Since rumen microbes 
are an important source of high quality protein for the ruminant and since 
microbial growth rates can affect amino acid availability to the animal, it 

' - . 
is important to maximize _microbial protein synthe~is in the rumen . 

. ~ - -
Table 1 shows the theoretical contribution of microbial protein at various 
levels of efficiency to.the total protein requirement of a 650 kg lactating 
dairy cow producing 25, 35 and 45 kg milk daily with 3.5% milkfat. At these 
tqree levels of milk yield, microbial protein would contribute 42 to 56% of the 
total protein required by the animal· when microbial synthesis in. the rumen is 
15 g CP/100 g organic matter- apparent!~ 'di~es..ct~d (OMD). Stern and Hoover (1979) 
reviewed the literature.and found that about 16.9 g CP are synthesized per 
100 g OMD in the rumen, with val~es ,ranging from 6.3 to 30.7 g (n=64). Therefore, 
values for ~crobial protein synthe8C;i_:i; .us~d in table 1 are realistic and the 

'~ .... ! 

calculated contribution of microbial-protein clearly depicts the importanc~ 
of optimizing microbial growth. For' example, when milk yield is 45 kg/d, -
contribution of microbial· protein t9 total protein required by the cow would 
increase from42-71% with an increase in microbial protein synthesis from 15 
to fs g. CP/100 g OMD. In addition, figure 2 illustrates the effect that different 
amounts of metabolizable energy (ME) and subsequent increa~e in efficiency of 
microbial growth, would have on the contribution of microbial protein to milk 
yield in ewes (i'Srskov and Robins<?n, 1981). 

1 
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MEASUREMENT OF MICROBIAL PROTEIN SYNTHESIS 

Various methods have been used to estimate the quantity of.microbial protein 
synthesis in vitro and in vivo. The majority of these techniques are based 
on determination of a single chemical marker believed to characterize the 
microbial components. Rode (1981) stated that any component of the microbial 
cell can be used as a suitable marker as long as it meets the following criteria: 
(1) it must be absent or readily distinguishable from any dietary or endogenous 
constituents leaving the reticuit-r~men and (2) it must exist in a constant 
ratio with microbial N under specific experimental conditions. Diaminopimelic 
acid (DAP), aminoethylphosphonic acid (AEP), ribonucleic acid (RNA), D-alanine, 
ATP and isotopes (35s, 15N, 32p) incorporated into protein in the rumen have 
been used as microbial markers. Differences in the amino acid profiles of 
individual components reaching the duodenum also have been used. Advantages 
and disadvantages of these various methods will be discussed. 

Diaminopimelic acid. DAP is an amino acid which is unique to the murein layer 
of the prokaryote cell wall (Brock, 1974). Traces of DAP can also be detected 
in protozoa, as bacteria in vesicles of entodiniomorphs and holotrichs have 
been observed by electron microscopy (Coleman and Hall, 1969; Stern et al., 
1977a, b). 

The DAP method involves estimating the ratio of DAP:N in mixed rumen bacteria 
and the amount of DAP in digesta. From these values the amount of bacterial 
nitrogen in digesta can be calculated (Hogan and Weston, 1970). A technique 
for the separation and colorimetric estimation of DAP using an automatic 
amino acid analyzer was described by Hutton et al. (1971). Ibrahim and Ingalls 
(1972) used DAP t~ measure bacterial protein synthesis and AEP, which is found 
in the lipid traction of protozoa, to estimate protozoal protein synthesis. 
Czerkawski (1974) described methods for DAP and AEP determination that are 
relatively fast compared to other methods and require less elaborate equipment. 
The theory is that DAP and AEP can be used together to estimate total microbial 
protein synthesis in the rumen, whereas DAP alone measures only bacterial 
synthesis. The accuracy of the DAP method is dependent on a constant DAP:N 
ratio among various microbial species, or the maintenance of a constant ratio 
of microbial species in the rumen. The latter assumption is not consistent 
with the sequential nature of rumen fermentation and Work and Dewey (.1953) 
have shown the DAP:N ratio to vary among species. The degree of error introduced 
by these considerations must be weighed against the simplicity of the DAP 
determinations. 

Ribonucleic acid. Smith and McAllan (1970) used the ratio of RNA to total 
nitrogen in rumen fluid and rumen microbes .to estimate the extent of conversion 
of dietary nitrogen to bacterial and protozba'l nitrogen. However, the analytical 
procedure (McAllan and Smith, 1969.) used. to determine RNA is tedious. This 
technique relies on the ·assumption<that nearly all dietary RNA is degraded 
in the rumen (McAllan and Smith, 1.973). Buttery and Cole (1977) expressed 
doubt as to whether this is entirely true and suggest that microbial protein 
flow may be overestimated andthat this problem may be amplified when large 
portions of the dietary protein and nuc.leic acid have been rendered insoluble 
by exposure to heat or chemical treatment. Evidence by Smith et al. (1978) 
indicates that the RNA method does· slightly overestimate the microbial con­
tribution at the duodenum. Another problem with the RNA method is the vari­
ability of the RNA:total N ratio of mixed bacteria due to diet and environment 
(Smith and McAllan, 1974). A major advantage of RNA is that protozoa are 
included in the estimate of microbial protein in digesta. 

2 



Amino acid profiles. A method, fpr estimating quantities· of. microb~al and 
dietary proteins in duoden~i dfgesta based. upon differences in the amino acid 
content of the protein reaching:the duodenu~ was reported by Evan$ et ai. . 
(1975). Individual proteins passing to the duodenum w~~e identified .by thei~-­
characteristic amino acid profiles. The_method depends upon the computer ' 
generation of several profiles_which represent mixtures of different.propo~-­
tions of the knoWn. profiles of 'the·. dietary. and endogen~us comp~nents that ' 

~ . ' - . . ' "' . ' ~ -.• (,. - . - ' . 
may be arriving at the duodenum. The methqd assumes constant composition 

. .. ~ . - . • ~ ""\!.. • - . . . ' -
for microbial prote~n and that protein in each dietary component behaves as 
a single. entity~,. This method is. presently limited by a. lack of knowledge . 
relative. to the differential degradation rates a¥ Jdifferent p_rote.ins present 
in conventional diets. 

Adenosine triphosphate. Forsberg and Lam (1977) studied the. use· of ATP ·as a 
rumen microbial marker because of the following assumptions: (1) ATP is 
present i~ _all living cells and absent from dead cells; (2) .A~P concen~ration 
is· similar in all microbes; and. (3) extraction and assay of ATP is relatively_ 
s:lmple to perform and.inexpensive. However, their e:Xperiments.indicated that 
there are possibl~ v~riations i~ the efficiency of extraction qf.ATP from 
rumen conte~ts and they also observed differences i~ the concentratfOJ1~.of 

'ATP in rumen microbes. In contrast,. Wolstrup and Jensen (1978) used: s'imilar 
metl)ods to extr~ct ATP .from .. rumen contents and noted that variability was. not 
as great as that found by Forsberg and Lam (1977). Wolstrup and Jensen · (1978) 
indicated that ~hofce' of equipment wa~ probably the source of variation. 
However, even with a suitable technique for analysis of ATP, the labile nature 
of ATP, especially under. acidic. conditions (Merck, 1978) similar to that found 
in the abomasum; make it.an unlikely <;hoice.for a marker. 

35
sulfur·.. Of the radioisotop~s -used a!3 tr<:u;:ers to distinguish between microbial 

and dietary protein, 35s. has been used mo!3t frequently. ·Use of 35s as a 
microbial marker was first suggested. by Henderi~kx (1961). Walker and Nader 
(1968) used radioactive sodium suJ,fide {Na235s) to label the sulfide poo~ o~­
rumen contents in vitro.·. The basic_pr~mise,of this method was that all of 
the ~ulfur incorpor~ted into microbial protein was first passed through the 
free H2S ppql. ··While .in.vitro studies .of Nader and Walker .(1970) suggested 
the error introduced by sulfur incorporation from amino acids was neglible,_ 
in vivo studies revealed that considerable amounts of sulfur containing amino 
acids in microbial prqt~in may arise from s1.1lfur which has not passed through 
the H2S pool (Gawthorne and Nader, 1976·; McMeniman et al., 1976; Salter: et 
al., 1979). ' ,''. 

Walker· and Nader (1975) .subsequently described a. method for the in vivo mea­
surement of rumen microbial protein synthes~s. which depends upon the .incor­
poration into microbial protein of sulfur derived from 35s-labeled inorganic 
sulfate· inf!Jsed continuously into ·'She. rumen. This method has the advantage 
of not· re1ying .on· use of the highlY.':' lablle sulfide and does not require that 
virtually .. all Drlcrobial ·sulfur be ,derived from hydrogen· sulfide. Kennedy 

· et al. · (1980) introduced· a .method using. Na235S04 infusion based on their . 
observation that sul~ide ·.which' wa!3~ opt incorporated into microbial protein 
entered the plasma sulfatepnol. .This technique .would allow esti~tion of 
microbial protein synthesis without: .the need fpr intestinally cannu).ated anima],.s. 

The ;predominant ·m~tho~.of· u~lng.: 35 s as a mi.crobia;L· marker has been-.to measure· 
differences in the ratio of specific ~ctivitie-s of ~5 s in either tl)e. cysteine 
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(Leibholz, 1972), methionine (Beever et al., 1974) or total sulf~r amino acids 
(Hume, 1974; Mathers and ~iller, 1980} of duodenal digesta 'and a separated · 
microbial fraction. A possible limitation of the 35s method is the error 
introduced due to the direct incorporation of dietary sulfur amino acids into 
the microbial fraction. Also, ·a similar ratio of sulfur amino acids to total 
protein for microbial and dietary material is assumed.- In addition, the 
method creates problems in handling large quantities of radioactive waste, 
especially with cattle and is relatively expensive and laborious for rout1ne 
screening of diets. ·Although the 35s technique is laborious and may not be 
completely'accurate,.it does have definite advantages. Quantitative recovery 
of the sulfur amino acids is not essential, ·as the technique is based ori a 
ratio of specific activities. Also, the technique is capable of determining 
total microbial protein synthesis rather than just bacterial protein synthesis 
as with the DAP technique. 

15
Nitrdgen. Microbial protein SYnthesis has also been estimated by-quantitating 

ISN incorporation into microbes from either (lSNH4) 2S04 (Pilgrim et al., 1970) 
or 15NH4Cl (Mathison and Milligan, 1971). These methods are based on the 
incorporation of nitrogen from ammonia- and do not account for microbial protein 
.synthe~ized directly_from amino acids or peptides. Besides being costly, 
the- technique-:utilizing 15-N as· a marker is quite complicated and as a result 
has not been extensively tised: ·However~ because it deals directly with nitro­
gen it has-proven to be a useful tool in studying the dynamics of nitrogen 
metabolism in the ruminant (Nolan et al., 1976). 

Phosphorus. Bucholtz and Bergen· (1973) observed that phosphorus uptake and 
incorporation into microbial phospholipids was ·:highly related (r= .98) to rumina! 
protein synthesis and proposed an in vitro method for estimating microbial 
protein production based ·on incorporation of·33p into microbial phospholipids. 
Van Nevel and Demeyer (1977) expanded this approach to include incorporation 
of 32P-labeled extracellular phosphate in total microbial P as the measure of 
microbial growth. However, it should be pointed out that such a procedure 
is of limited value, as it assumes a constant value for N:P in microbial DM, 
as well as· a constant value for net growth:total growth. - Smith. et al. 0.978) 
proposed a technique based on the incorporation of 32P-labeled inorganic phos-
phate into rumen bacterial nucleic acids.: -

D-alanine. Unlike DAP, D-alanine occurs in-the peptydoglycan layer of most 
bacteria~ Because it occurs -in relatively constant amounts, Garrett et al. 
(1982) have developed an enzymatic procedure for the analysis of D-alanine. 

'Because of limited data the use of D-alanine cannot be critically evaluated, 
however work is currently in progress to determine whether D-alanine is a suit~ 
able bacterial marker. '· 

-, ' 

Comparative measurements between microbial markers. Comparisons in vitro for 
l)N, 32p and 35s (Harmeyer et al., 1976) did not show good agreement between 
the various methods. Smith et al. (1978) compared nucleic acid 32P:NAN ratios: 
in related samples of rumen bacteria and duodenal contents with similar estimates 
using DAP and RNA as bacterial markers. Their estimates. based upon 32p-labeled 
RNA nucleotides were approximately 85% of those based upon total RNA. They _ 
attributed this difference mainly to the latter being elevated by the presence­
of small amounts of dietary RNA. Estimates of microbial nitrogen using the 
DAP method were found to be affected by r1,1men protozoal concentrations, because 
the DAP method does not· account for protozoal nitrogen •. 
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Ling and Buttery (1978) a~_sessed the use of RNA,· 35
s, DAP and AEP as- markers 

of microbial nitrogen-in .duodenal digesta. They found AEP to be present in 
substantial quantities in dietary and bacterial material as well as in isolated 
rumen protozoa and suggested that the use of AEP as a protozoal nitrogen 
marker was invalid. In· contrast, Dufva et al. (1982) examined bacteria and 
a wide variety of feedstuffs and found them to be devoid of AEP. Therefore 
at present the value of AEP as a~protozoal marker is uncertain. Ling and 
Buttery (1978)- ai'so indicated that one of the major problems with DAP as an 
index of total microbial ilitrogen was it did not account for protozoal contri­
bution to duodenal digesta nitrogen but concluded that it would probably continue 
to be widely used. Where total microbial values are required, the choice of 
method becomes either RNA or 35s. They concluded that where microbial nitrogen 
estimates of a more general and comparative nature are required, the use of 
RN.A ·would ~robably be adequate, however, where more accurate estimates are 
required, 5s would be more appropriate. . 

It should be emphasized that all methods', where mixed microbes are separated 
from rumen fluid by differential centrifugation, assume that the microbes are­
Eepresentative of the population entering the duodenum or abomasun. Serious 
doubts must-be cast upon this assumption as soine organisms are found free in 
the liquid phase of the rumen digesta, while others adhere strongly to feed 
particles and so~e are closely associated with the rumen wall. Therefore the 
techniques used to isolate rumen bacteria will only sample material from the 
liquid phase which form only a small part of the total rumen bacteria. These 
bacteria that are found in the liquid·phase may be less metabolically active 
than the greater numbers of bacteria that are associated with food particles 
(Smith, 1975}. In addition to the problems associated with microbial markers 
and fractionation of rumen contents into microbial fractions, Theurer (1979) 
determined that digesta flow markers have a more profound effect on calculation 
of microbial protein synthesis than microbial markers. It is concluded that 
for a better understanding of the principles of niicrobial growth and efficiency 
of microbial protein synthesis in the rumen,· measuring techniques and analytical 
procedures- applied in research in this field need to be improved. 

FACfORS AFFECTING MICROBIAL PROTEIN SYNTHESIS 

In recent year's, numerous studies have been conducted to determine microbial 
protein synthesis in the rumen under varied conditions. As a result of these 
studies several factors have' been fou~d to influence microbial protein-synthesis 
including. rumen dilution rate, concentration and source of nitrogen and car­
bohydrate, dietary sulfur and frequency of feeding. 

Dilution rate. ·Several in vitro studies have demonstrated a positive correlation 
between increased diluti6n rate and·~~increased microbial growth (Hobson, 1965; 
Hobson and Sunnners, 1967; Stouthamer and Bettenhaussen, 1973; Isaacson et al., 
1975). These in vitro studies have ·indicated that·the highest yields of cells 
are obtained when the mean time spent in the fermentation vessel is such that 
the bacteria pass onward's as· soon as their development· is complete. Otherwise, 
bacteria use substrate for maintenance or for storage as carbohydrate or lipid 
and the efficiency of production of bacterial protein falls. 

Several in v:i,vo studies (table 2) have also noted increases in microbfal protein 
synthesis correlated with rumen dilution rate (defined as the proportion of 
total rumen volume leaving the rumen per hour). _ Several factors such as diet, 
int raruminal buffer infusion, level of intake and envi-ronmental- conditions 
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have been found to alter rumen dilution rate. Cole et al. (1976) observed 
increases in rumen dilution rate (.03 to .05/hr) along with increases in protein 
synthesis (7 .5 to 11.8 g/100 g' DMD) when steers were switched from an all · 
concentrate diet to one containing only 14% roughage. Allen and Harrison 
(1979) revealed that feeding monensin to sheep decreased rumen dilution rate 
from .07 to .04/hr, with a concomitant decrease in microbial synthesis from . 
15.3 to 12.6 g CP /100. g OMD. Intraruminal infusion of artificial saliva in sheep 
increased dilution rate from .03 to .08/hr (Harrison et al., 1976). Concur­
rently, th~re was an increase of tot~l amino acids synthesized .per mole hexose 
fermented from 25.4 to 29.8 grams. Kennedy et al. (1976). found that sheep 
maintained at an environmental temperature of 18 to 21 C. were less efficient 
in synthesizing microbial protein than were those maintained at -1 to 1 C 
(29.9 vs 33.7 g CP/lOO·g OMD, respectively). The increased efficiency of 
microbial' production in, cold-exposed sheep was positively correlated with 
dilution rate ( .1 vs .14/hr, respectively}. In a subs.equent study, Kennedy 
and Milligan (1978} fo~nd' that ~hen sheep were maintained at 22 to 2S c and 
2 to 5 c, there was an increase in dilution rate from .07 to .12/hr and a con­
current increase in microbial synthesis from 22.4 to 31.8 g CP/100 g OMD, 
respectively·. Similar. trends were observed by Hogan and Weston (1970), who 
showed that increased dilution rates in sh~ep from .06 to .1/hr were a~sociated 
with microbial production rates of 19.5 ~nd 23 .. 1 g CP/100 g OMD, respectively. 

Kennedy et al. (~9761 suggested that any one, or more likely a combination, 
of the following f·actors may b~ involved in causing. efficiency of microbial 
synthesis to be p~stively related to. dilution rate: reduced autolysis of 
bacteria; reduced engplfment of bacteria b)' protozoa; changes in microbial 
population structure induced by a change in substrate or ,possibly due to washout 
of slow gene.ration time organisms. · 

It should be-noted. that Crawford et al. .(l980} observed in continuous culture, 
using a mixed microbial population with solids substrate, an increase in 
microbial cell yield with a decrease in solids retention time more so than 
with increased liqu~d dilution rate. This. finding is important as rumen bacteria, 
unlike those in a chemostat with a soluble substrate, do not necessarily leave 
the rumen with the liquid phase and can travel with the particulate matter. 
Dilution rate is certainly one of the major factors affecting microbial protein 
synthesis and differences in dilution rate may explain the wide range of 
efficiencies found in the rumen (Stern and Hoover, 1979). However, as bacteria 
can travel with the liquid or solid phase leaving the rumen, it is important 
to determine whish dilution rate (solids or liquid) should be used when relating 
microbial growth efficiency to rumen outflow. 

Sulfur. Sulfur is required by rumen microorganisms for synthesis of methionine 
and cysteine and .. intakf=, of sulfur may limit protein. synthesis when large amounts 
of nonprotein nitrogen ~re. used. (Buttery, 1977). Studies by Hume and Bird 
(1970) showed that when sheep were fed a diet supplying .6 g sulfur per day 
(N: S = 34. 3), 82 g microbial protein were produced d_aily in the rumen. Raising 
sulfur intake to 2. 0 g/ day (N: S = 10. 9.) increased protein production to 94 g/ day, 
but there was no further increase w!1en _intake was raised to 3.4 g/day (N:S = 

6.4). Based on this type of information ·an optimum nitrogen: sulfur ratio of 
10:1 has been suggested for maximum mic_robial growth. -

Since a large proportion of sulfur incorporated into microbial protein is 
probably derived from ruminal sulfide, it would seem likely that the rate of 
ruminal release of dietary sulfur in conjunction with nitrogen could be impor­
tant (Harrison and McAllan, 1980). For example, Playne et al. (1978) found 
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that with alfalfa hay (N:S, ·11.4:1) the rate of removal of sulfur from nylon 
bags suspended in the rumen;. was_ similar to that of nitrogen removal. In con­
trast the rate of removal of~sulfur<from spear grass, stylo and chloris (which 
had N:S ratios of 9:1, 7:1 arid 3.6:1, respectively) was at least 2.5 times 
faster than the rate of.nitrogen·removal. Therefore, Harrison and McAllan 
(1980) noted that when formulating sulfur requirements on the basis of N:S 
ratios in feeds~it is obvious that t~~ ~o~al sulfur content (particularly of 
forages). cannot be taken as an ind.Jcator of the rela.ti,ve availability of 
nitrogen and· sulfur. At the present time there are insufficient data on dietary 
sulfur utilization to formulate accurate sulfur requirements and more research 
needs.to be don~·in this area. 

Nitrogen. Rumen·microbial protein synthesis requires an adequate supply of 
nitrogen to achieve maximum efficiency. If nitrogen level is not adequate, 
uncoupled fermentation may occur and this will result in fermentation without 
useful ATP production (McMeniman et al., 1976; Buttery, 1977). In other words, 
the rate of fermentation is not necessarily dependent upon the rate of microbial 
growth.-' In contrast, if the nitrogen level is excessive, energy may be the 
limiting factor for efficient utilization of nitrogen. Therefore,·for maximai 
e~ficiency of microbial growth to occur, nitrogen and energy availability in 
the rumen must be balanced. · 

Microbial nitrogen is derived from NH3-N and (pr} performed amino acids, with. 
the latter highly dependent on the dietary nitrogen source. The percentage 
of microbial nitrogen derived from ruminal NH3-N has been reported to range 
from 40 to 100% under various conditions (Pilgrim et al., 1970; Mathison and 
Milligan, 1971; Al-Rabbat et al., 1971; Nolan et al., 1976; Al-Rabbat and 
Heariey, 1978). Because ammonia is an important precursor of microbial protein 
and is' essential for the growth of certain bacteria, there has been considerable 
interest in the process of ammonia fixation and the concentration of ammonia 
required for maximal growth. Two enzymes for utilization of rumen ammonia· 
by rumen-microbes are known, glutamate dehydrogenase and glutamate synthetase. 
Glutamate dehydrogenase is a constitutive enzyme ·with a low affinity for ammonia, 
km =·5 mmol/1, while glutamate synthetase is induced at low ammonia concen~ 
trations and has a high affinity for ammonia, km = . 2 mmol/1, (Baldwin and 
Koong, 1980). 

Severa:£· in vitro studies have shown maximum microbial growth to occur when the 
NH3-N concentration was-·5. to 8 mg/100 ml (Allison, 1970; Annison, 1975; Nikolic 
et al., 1975; Satter and Slyter, 1974). Hume et al. (1970) observed, in vivo, 
that microBial growth attained a maximum level when rumen NH3-N concentration 
reached approximately 9 mg/100 milliliters. In contrast, Miller (1973} found 
a considerably higher value of approximately 29 mg/100 milliliters. Results 
of a more recent in vivo study (Okorie, 1981) indicated that maximal protein 
synthesis was achieved when the rumeh-NH3-N concentration reached 5 mg/100 ml; 
an observation consistent with in vitro observations of Satter and Slyter 
(1974). Mehrez et al. (1977) used the dacron bag technique· in situ to predict 
that the rumen NH3-N concentration for maximum ·rate of fermentation was 23.5· 
mg/100 milliliters. Discordant tTitli the results- of Mehrez et al. (1977), 
Ortega et aL (1979) found 'in situ that progressively increasing rumen NH3-N 
from 6.3 to 27.5 mg/100 ml did not result in any significant changes. in rate 
of fermentation. In studies examining the rumen NH3-N concentration required 
for maximal tate of-fermentation, it should be emphasized that this measure 
does not necessarily equate to maximal protein synthesis. 
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Although the nitrogen concentration in a diet may appear to be adequate for 
maximum microbial growth, resistance of the protein to ruminal degradation 
may result in nitrogen deficiency. McMeniman and Armstrong (1977) determined 
that 2.0 g of available nitrogen per 100 g OMD is the minimum amount required 
for efficient microbial protein production for low-roughage diets. With starchy 
cereal diets there are distinct possibilities of nitrogen inadequacy, particularly 
with corn in which the protein is highly resistant to rumina! degradation 
(Thomas, 1977). Depending upon vari~us~factors such as species, stage of maturity 
and drying, forages can also result in deficiencies of available nitrogen to 
the rumen microbes (Hume, 1975; Ulyatt et al., 1975; Walker et al., 1975). 
In addition, Armstrong (1980) indicated that microbial protein synthesis from 
ensiled herbages may be lower than for other forms of conservation, probably 
due to the fact that the carbohydrates fermented during ensiling can no longer' 
serve as as a source of energy for the rumen microorganisms. In support of· · 
these concepts, Van Soest (1982) concluded in,his_ review of literature that 
silages and high concentrate diets show lower microbial yields than do forages .. 
or mixed diets. 

Microbial protein synthesis can occur in the rumen on diets in which urea is 
the only nitrogen source, however, efficiency of microbial growth may be limited 
by a deficiency of preformed amino acids. An optimum ratio of urea nitrogen 
(75%) to amino acid nitrogen (25%) for rumen microbial growth in vitro was 
reported by Maeng et al. ().976). Hume (;L970) found that nitrogen provided 
from urea, gelatin, casein and zein resulted in microbial synthesis of 17.1, 
19.8, 23.3 and 22.5 g CP/100 g OMD in the rumen of sheep, respectively. It 
is possible that urea resulted in the most ~nefficient microbial growth due to 
a lack of preformed amino acids. The author suggested that since deg-radation _ 
of both gelatin and casein in the rumen approached completion, microbia~ protein 
production on the gelatin diet may have been limited:.by the rate 9f synthesis· 
of one or more amino acids by the rumen bacteria, since gelatin is deficient 
in several amino acids, including methionine. Salter et al. (1979) examined 
the origin~of nitrogen incorporation in rumen bacteria of steers fed protein 
and urea-containing diets. They found that when.an adequate dietary supply 
of preformed amino acids was available that proline, arginine, histidine, 
methionine and phenylalanine were derived from the medium to a greater extent 
than other amino acids. While synthesis of proline, arginine and histidine 
increased on the urea-containing diet, that of methionine and phenylalanine 
did not. Therefore,·methionine and phenylalanine may be limiting for bact_erial 
growth on diets low in protein and high in nonprqtein nitrogen. 

Carbohydrate source. Efficient utilization of degtaded:dietary nitrogen.requires 
that the energy ·from the fermentation of dietary OM must be supplied at a rate 
which matches the syrithetic_abilities of the rull}en microbes (Oldham et al., 
1977). Readily available ~arbohydrates such as starches and sugars were found 
to be more effective thqp·other carbohydrates in increasing utilization of 
degraded dietary nitr.ogen·and (or) increasing microbial growth both in vitro 
and in vivo (Offer et al·., _1978; Stern et al., 1978; Nik<;>lic et al., 1981). 
When starch has been added to high cellulose diets, o_r replaced part of the 
cellulose, increased nitrogen ·utili.~ation and dec~eased fiber digestion has 
been reported (Slyter et al.~ 197l; Offer et al., 197~~ Stern et al., 1978). 
The efficiency of starch to promote nitrqgen utilization may be related to en~rgy 
yield during fermentation. Compared·to other carb<;>hydrates studied, McAllan 
and Smith (1976) found that fermentation of starcb provided:the greatest amount· 
of energy for rumen bacteria. Although ruminal degradation of s.tarch is generally 
found to be at a high level (Sutton, 1971), differences in digestion due to 
source of starch (such as corn vs barley) have been reported Utrskov et al., 
1971). 
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Stern et al. (1978) noted _that dietary energy level ,is not .. the only factor 1: 

limiting· microbial:· growth. .T\ley found an increase· in ·microbial g'rowth in· 
continuous cultures (15.0 to l9;5.g microbial CP./100 g DMD) in response to 
increased dietary nonstructural carbohydrate levels, even.though·diets were 
isocaioric and ·vFA produ-ction ·arid ·nM: digestibilitie.s did n~t differ ~rkedly 
among diets (table 3). It was -cC>nC!uded that a major factor affecting the 
utilization. of degraded dietary nitrogen' was- the 'type and rate of availability 
of carbohyd:i:-ate·s .. · In a subsequent -;<study, Macgregor (1979) examined the effect 
of level o~ totc:il n:-onstructural carhohydrate (TNC) on nitrogen metabolism and 
lactation perfo~nian~e in dairy cattle: He found that a high TNC ration.was 
associated with increased total milk and decreased rumina! annnonia level 
(figure 3). Presumably the high TNC ration was associated with an increase 
in rumen microbial protein synthesis. Figure 4 shows that the TNC level of 
a feed'is hot necessarily reflected by the traditional measures of energy 
content such as to.tal digestible nutrients (TDN) or metabolizable energy (ME). 
Stern et .al; · (1978) rioted that in recently proposed systems of calculating 
protein requirements for ruminants that available energy for microbial protein 
synthesis has been calculated based on values for ME ·and TDN and suggest that· 
TNC may offer another means, of calculating energy ayailability for .. rumen ·mi·crobes. 

CONCLUSIONS . 

Because of the importance of microbial protein to protein supply in ruminants, 
more accurate information is needed on factors 'influencing its synthesis. 
Measur~ng techniques used in cannulated animals ~n_<l.ana~ytical pro~edures using 
markers for microbial protein need to be improved. Otherwise the results of 
research-in this area -will yield qualitative rather than quantitative differences 
for the· efficiency of microbial protein production.·- While· qualitative results 
may provide useful information, quantitative results are required to incorporate 
this information into a practical feeding situation. 

Table 1. Contribution of microbial protein to total protein requirement of . . a 
the lactating dairy cow • 

Microbial CP synthesis 
(g/100 g OM digested)b 

15 

20 

75 

aNRC (1978). 

.. 

Theoretical contribution of microbial protein 
when daily milk production (kg) equals: 

. \ 25 35 45 
------------------ % --------------~-------

56 

75 

93 

47 

>62. 

42 

57 

71 

b 
Assumed that 50%_of OM intake is-apparently digested in the rumen. 

9 

! 

: ' 



l.· 
'• Table 2. Effect of rumen-dilution rate on microbial protein synthesis. 

Rumen dilution rate (hr -l) 

.03 - .05 

.03 - .08 

.06 .1 

.1 - .14 

.07 - .12 

. 04 - . 07 

Microbial. CP synthesis 
(g/100 g OM digested) 

7.5-11.8 

25 . .4 _-:- 29:3a 

-
19.5 23.1 

29.9- 33.7 

22.4- 31.8 

12.6.- 15.3 

Reference 

Cole et al. (1975) 

Harrison et al. -
. (1978) ,_ 

Hogan and Weston 
(1970) 

Kennedy et al. (1976X · 

Kennedy and Milligan · · 

(1978) . ·-' 
_ Allen and Harrison 

(1979) 

1! aGrams of' total amino acids synthesized/mole. hexose fermented. 
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. ~ ' ~ 

'' 

~ i 
' !, 
'• 
I' 

'· '\ 

·I 
I 

I, 

Table 3. Effects of nonstructural carbohydrate levels on VFA production, 
DM digestibility, and microbial growth. 

Nonstructural ·carbohydrate (%)a 
It em 4 9 ~ 0 3 2 . 6 · · 19 ~ 6 

Total VFA 

mM 

mM/g DM fed 

DM digestibility,·% 

Anunonia,. mg/100 _inl 

Microbial synthesis, g CP/100 g 
DM digested 

YATP 
e 

79 .• 0 

4,3 

68.8 

18.lb 

19.5b 

20.5b 

84.2 83.4 

4,6 4.5 

69.4 65.8 

22.8c 27.4d 

17.5bc · 15.0c 

17.6c 14.6d 

aPercent of total diet DM - comprised of starches, sugars and fructosans. 

b,c,dValues in the same row with different superscripts are significantly 
different (P <.05). 

eGrams of microbial cells (dry wt) produced per mole.ATP generated. 

(Stern et al., 1978) 

10 

.. 



RUMEN 

DIETARY 
ORGANIC~r---~--S-,-V-F~---T-R-A-CE __ N_U_T_R_IE_N_T~8 
MATTER 

DIETARY 
PROTEIN 

. MICROBIAL.._ ... 
PROTEIN 

-AMMONIA 

~ 
AMINO . 
ACIDS 

~--~~----------+--------------------' 

Figure 1. Microbial protein synthesis in the rumen. 
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Figure 2·. The effect of crude protein intake on the milk 
yield of ewes given different amounts of met­
abolizable energy (ME). The symbol t indicates 
contribution from microbial protein, extrapolated. 
(~rskov and Robinson, 1981). 
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1, 

There is a· paucity of both scientific research and common understanding- of 
the associative effects·(AE) of individual feeds in ruminant diets. Because 
feed costs ':lsually comprise- the largest portion. of total production ·costs, 
any factor that ~y influence the efficiency of feed utilization should not 
be overlooked. - . ___ J. J 

- -. l .,_,:x__c 
An AE results from . the.. interactio_n of the individual feed ingredients 
such that the value of the mixed ration differs from the expected value based 
on animal performance or nutrient utilization when the individual feed ingre-, 
dients are fed alone. The AE can be either positive or negative. A positive 
AE results when aniJl¥ll performance or nutrient utilization is greater on the ~­
mixed diet compared to- that: predicted py performance on the single ingredient . 1 " 

A negative associative effect is simply a lower than expected performance on 
the multiple ingredient diet relative to the sing~e· ingredient diets. 

The purpose of this paper is- to review the-research on associative effects. 
I will discuss.· the factors impinging: on AE arid. the practical impliCations to. 
ruminant nutrition and the feed industry. 

EARLY STUDIES ON ASSOCIATIVE EFFECTS , 

The term associative effects was first, presented by Ewing and Ellis (1915). 
Forb~s published several studies that illust-rated the existence of AE (Forbes · 
et al., 1931; Forbes, et al. •: 1933). Considerable interest and controversy 
were generated by these ea:rly research reports. If AE are real and of such 
a magnitude .that warrant alt·erations in feeding systems, the implication to, 
ruminant nutrition, is large. First, compensations must be made, depending 
on the type of AE-, -in terms of expected gain· and/or feeding level for mixed , .. 
diets. Sec9ndly, the-mass of data gathered on individual feeds-would need 
to be adjusted when these feeds are fed in mixed diets. Indeed, several workers 
h~ve proposed that individual feeds should not be evaluated, but characteri­
zations should be made.only on complete rations (Forbes, 1933; Kriss, 1943; 
Kromann et al., 1975}. · -.~ 

ASSOCIATIVE EFFECTS ON DIGESTIBILITX. ') 

-
Perhaps- the most; intuitively easy to accept AE is the depression in fiber 
digestibility that occurs when molasses or another source of readily available 
carbohydrate is included in the ration (Ahmed and Kay, 1975; Chappell and · 
Fontenot-, -l968; Swift and French, 1-954). Examples are available of positive 
AEon digestibility of fiber and other diet components. Johnson eta~., (1962) 
determined_the digestipility of soybean fla~es alone or in combination with 
timothy-hay (Table 1)~ An improvement (positive AE) in orga~ic matter, cellulose 
and crude fibe:r digestibility resulted when timothy hay (40% of DM) was included. 
in the r~tion. - .The c~lculated organic matter diges~ed/100 pou~.d~s ~ed was. 60. 9 __ ,-.' 
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while that actually measured was 66.6. · Siurl.lar estimates for cellulose were 
23.9 versus 29.2. The authors indicated that the improved digestibility of 
soybean. flakes in· the mixed diet· was likely due to longer rumen retention 
time which would be expected when timothy hay was included in·. the diet. 

Hintz et al. (1964) fed soybean flakes, soybean hulls or hay, and 1 to 1 com­
binations of hay and soybean products. The data (table 2) show significantly 
lower TON and digestibility of dry matter and crude fiber for the hulls compared 
to the flakes. However, these large ilifferences were eliminated when soybean : ' 
products were fed with hay. The ·authors noted a decreased rate of passage 
forthe haydiets.-- ··- '-· · ,., 

. J .T :: .-_., -. ,, ( J. ,: j '~ ' ' ' 

Nelson et al. '(196.8) fed bermi.idagrass-concentrate ratios of 100:0, 75:25~ 50:5_0, 
25:75 and 0: 100·. ·These researchers noted that: AE on ration digestibility in- · 
creased as the proportion of concentrate increased (table 3). Energy digesti..:· -~ 
bility decreased .8% below theoretical (assuming no associative effects) for 
each 25% increase of conceritrat'J:.in the diet. L . .:: 

- _) -~ ~ 

Alfalfa· hay, beet pulp"· arid' a d:imbination of' 't:'he two ingredients were evaluated;:· ' . 
by Asplund <hid Harris· (197lr. ··observed 'digestion coefficients for the individual -' 
feeds were significantly lower~ in- many-cases, compared to -the values from .\. 
the mixed diets that -were calculated by-the difference method (table 4) . 

. 
The AE between corn~ and corrt ~iU{ge was' ihvestTgated by Byers et al. (1976). 
These workers observed significant negative AE on dry matter and energy diges­
tibility in mixed· di'ets (1/3 or:2/3- coin)' relative to those calculated frotn. 
individual feed ·-ingredient diets (table 5}. Kromann et al. (1975)' ishowed that~- J 

crude protein, ether extract and nitrogen~free extract digestibility increased 
curvilinearly and crude fiber decreased curvilinearly as corn levels increased 
in alfalfa and corn diets. · · ''-' 

Recent studies by Joam{ing et aL · El98I) confirmed earlier obser-Vations (Byers 
et al., 1976) on 'the negat.ive AE b_etween corn arid! corn silage in mixed diets. 
Data in table·6 show that the digestibility depression for the mixed diets 
ranges from approximately 10 to 20 units below that expected based on calcu+ 
lations from the single ingredient diets·. Starch, cell wall and protein were 

\ ,- ~ 

' 

the major nutrients that contributed to' the depression in dry matter digestibility 
of the mixed diets. Starch, because it was present in the greatest amount, accounted 

for about 67% of the depression, cell wall 28% and the value for protein was 13%~ ; 

Level of feed intake is an important consideration in feed evaluation because · ., .. 
it is known to affect nutrient digestibility (Campling et al., 1961; Colovos 
et al., 1970; Moe et al., 1965; Nicholson and Sutton, 1969; Tyrrell and Moe, 
1972). Data by Joanning et al., (1981) were adjusted by covariate analysis 
for intake effects on all diets; intake did not significantly affect dry matter· -· 
digestibility (Joanning, 1979). Relationships for the individual diets are 
shown in figure ·1. ·Intake had very little influence on digestibility of the -
corn or corn ·silage single· ingredient diets. However, the multiple ingredient' · · 
diets showed a negati:ve re·gression of digestibility on intake (r2=. 7) This 
indicates that the driges,tibility, dePresSion; foi- the lnixed diet·s, inay involve ... J l 
intake· -effects mediated through altered rates of passage,· as ·a component of AE. 
The data of Joanning et· al. (1981) indi~ate that' no depression iri digestibility . 
would occur at intakes at or bela·w twic~ maintenance. . Research by Raven (1972) -- · 
with hay and/or barley,- fed at maintenance intakes, showed no AE, 'thus corro­
borating this theory. ·Yet the nega'tive AE on digestibility of coni and corn 
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silage diets described earlier (Byers et-al., 1976} oc~urred at intakes just 
above maintenance. ·. , 

- - - v • 

ASSOCIATIVE EFFECTS ON METABOLIZABLE. AND NET ENERGY 
~ • - - I • ' j ~ ·' - • 

There is a developing body of evidence that indicates AE influence not only 
digestibility but metabolizable and net energy. .Indeed, a large portion of. 

~ the research conducted indicates the'AE-ma1nly affects energy availability and 
metabolism~' . -y. ~- ·• 

,. 

~ ! _ ... 

I 

i 
4 ~ 

Early studi'es that. determined the energy values of corn meal-alfalfa hay com­
binations indica~ed (table 7) that observed metabolizable energy (ME) va.lues 
agreed with those calculated from data on the sole-ingredient feeds (Yorbes 
et al., 1931). However, the calculated net energy (NE) values for •corn- differed 
from the directly determined values. The heat increment (HI) was substant!ally 
lower for the multiple ingredient diets than from either ingredient alone, 
indicating that AE may influence nutrient metabolism. 

F~rbes et al; '<i933) ex;amined the AE among forage sources and the utilization 
of energy in corn. Table 8 illustrates the different ME and NE values _of corn 
wli.en fed at 1. 5 times maintenance with either oat straw, timothy hay or alfalfa 
hay., ,The .ME value .of corn incre~sed as quality of the forage source decreased, 
the NE pattern -wa~ different and dt!e in part to the large differences in heat; 
increment (measured by direct calorimetry). These calorimetry studies lend 
support to the tl}eory expressed by Forbes that individual feeds express their 
characteristic net energy values only as part of nutritively complete rations. 

< •• • ' ') 

Kriss -.-(1943) revie.wed the theory and_ procequres for the evalution of feeds. 
This report summarized the thoughts of J:{orrison, Kleiber, Fraps and Carlyle~ 
They ~11 realized the pro"Qlems ass_ociated with the determination of nutritive 
value of single feeds and attempted to determine the relative or replacement_ 
value of a feedstuff in a diet. In his work the net availability of ME of corn 
mea-l fed wi~h oat; ·straw, ·~timothy hay or alfalfa hay was 74, 57 and 67 per cent­
respectively.. <l 

. ~ 
The NE value of -blacksq:·ap molasses -~ho~ed a curvilinear decline when fed 
at 10,: 25 or 40%. of the diet (_Lofgreen .and Otagaki, 1960). Kromann and Ray 
(19_6. 7) fed 30, 60 OJ:'l· 90% milo wi_tl! alfalfa hay. The NE of alfalfa declined 
from 1.12 to . ~4. kcal(:g .as milo cont.~nt increased ·anq milo NE increased f~om 
1..52 to 1.?4. l_ 

~ I ) I 

Kromann ~t ~1., (1975.) , failed to show at:ty net energy AE in pellet~d diets 
between corn grain and ground dehydrated, alfalfa. Physical form of the -diet 
may b~ a modifying factor since Kromann (l967) fed similar ingredients in a 
non-pelleted ~onp. and did observe AE~;:<()n:net energy. 

-~:: . 
. . lj- - J, 

Vance et al. •: (19,72)_ fed several .cor~_ grain-corn silage combinat;ions. Cur­
vilinear .'J:'elat.ionships _were shoWQ. between NEm+g of the ration and corn. silage 
content, but linear NEm values were,obtained. The NEg values were nonli~ear 
and. showed significant quadratic relationships, indicating the lack of additi­
vity of tlle~e values. 

The ~ark ~f Byers ~t ai'-~ . Ci976) demonstrated marked negative AE between corn 
grain 1and cor~ sil~ge·(~ab~e 9). Jhe.depression from p~ed:i,cted diet epe~gy 
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values ranged from 5 to 15%. The dry matter digestibility depression averaged·- ·1 

5%. In this study, the ~~g value of corn silage was .49 kcal/g when added 
to an all corn diet, and the same silage in an all corn silage diet had an 
NE of 1.25 kcal/g. This large disparity in energy content of a given feed, · · 
wh~ch is apparently modified by the feed in the.basal rations, confirmed earlier 
observations by Blaxter and Wainman (1964). Also, these data reiterated the 
concept that energy values of individual ingredients are fundamentally variable 
and depend to ·a _large extent on "the" 'com~ination of feeds in which they are fed. 

POSSIBLE MODES OF ACTION OF ASSOCIATIVE EFFECTS 
J •'- I 

The compendium of data presented thus far.demonstrates the existence of AE~ 
The farmer, researcher and feed supplier should.all be aware of the potential 
for AE in that'·substantial alterations in -feed efficiency and animal performance 
may~ result. 

Given the present state of knowledge in·ariimal nutrition, it is not possible 
to delineate the underlying mechanism of AE. Thoughful speculation may provide 
plausible modes of action and stimulate scientific research that will eventuaily 
ellucidate-the variables involved in AE. 

As mentioned earlier, both physical form and intake may be modifying factors 
involved in AE. Physical form connotes changes in particle size of the feed. 
P~rticle size effects are mediated through altered rate of passage of diet 
components. Similarly, feed intake effects are also mediated by changes in 
rate of passage. A faster rate of passage will allow less time for the feed 
to be digested at a given site in the gastrointestinal tract. In this context, 
as particle size decreases and/or feed'intake increases, rate of passage of 
the feed will increase. Thus, the potential for escape of ultimately diges­
tible feed fractions would fricrease 'and the probability of observing a digesti­
bility depression would be· higher: 

It is interesting to note that multiple ingredient diets are often consumed in 
greater amounts than single ingredient diets, which may explain some of the 
observed negative associative effects. An excellent example is the afore­
mentioned work of Joanning et -al. (1981). Owens and Rust (personal communication) 
observed a 16% increase in feed intake relative to single component feeds for 
mixed corn silage, milo or corn grain diets, when AE were present. These workers 
contend that reduced digestibility with elevated feed intake (faster pa$sage) · 
could account for a sizeable portion of the negative AE (Rust and Owens, 1982). 

·Conversely, coarse forage in·the diet may slow the rate of passage of the 
grain portion of the-diet and improve (positive associative effect) feed 
utilization.-

Further, the combination of feed-~pgred:ients will obviously present the rumen 
microbiota with different nutrienfs compared to the single ingredient diets. 
Thus·, alterations- in microbial- species distribution, metabolic propensity 
or rumen environment may be involved in changes in nutrient utilization-and 
resulting-animal performance.· 

,I 

Finally, the previously described calori~try work on net energy values of·' 
multiple ingredient diets relative to the single feed ingredient counterparts 
suggests the potential for altered metabolism of derived· nutrients. The - · 'L 

complex, interacting cycle continues because present data:do not' allow distinction 

'•i 
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among rate of passage, rumen environment and metabolic factors invol-ved iii 
.l 

associati~~. ,effect_s ~ .,,)' '""-· :; . . . . 

SUMMARY 
··r-

As'sociat':ive effects ,of.' feeds that havi been evaluai~d ~s single ing~~die'n.t '. 
diets may occ\ir :i.n' ui~ltipl~ ingredient'~ :4iets such"that the riU:triem't utili-<; 
zation differs from expecte'd values.. A!?SOciative effec,ts irifiuence diges- . 
tibility and energy utilization in cattle finishing and dairy rations. The 
mode of ~acti6n 'of associa.tive effects is· not clear; - Alterations in rate. of 
passage, rumen environment and nutrient met;:abolism ''have bee~ "suggest~d as .. t;·, 
factors involved in associative effects. ·sd.entif:ic -·effort in this' area-will 
lead to improved understanding of nutrient\ utilization and conversion of feed 
to salea't:>ie prddud:s which will result iri-~ mcire 'effici~ntru~nant agricult,ure'. 
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"Table 1. Th; cfl~e,~tfl;hity o'f a'rkanic: matf~r,: ~~~i·i~l~·s·~i'and crude ;~i,ber--" -~- o:: .. 
in soyb~an n'akes and timothy when fed l:ieparately' or in combination. 1 

.-- · Diet 
----:-~"'----__,_"'-----,---==~----,.,....:;::..:::.----'------;___;_· . ' . 

. Soybean flak~s ': tim~'thy2 Digestibility.%· · . ·Soybean flakes·r 

Organic matter 

. Cellulose · 

Crude fiber · :''·' 

1 ,,, ... 
From Johnson et.al~ 

2 
60:40 combination. 

70.3 

. 74.1 
.. ·~·· 72;'1-'' 

l' 

(1962). 

' . . ~ 

,. 

.·~!, 

;·- ~-

. '' 

.. ;'. ,-
".I .. 

70.8 

77.9 .. : ·.· 

74.5 

" \.' . ~- ' _, 

55.9 

Table '2 •. --' The· TI?N ·and~·digestibility·-'of· dry matter and crude fiber in soybean 
-~~-~ flakes, 1 soybean· hull~ .and hay .when•.: fed separately or in equal com­

binations1. 

Item 

TDN 

·, .r: .soybean 
,·' · -flakes· 

66.7b 

1 
From Hintz et al. (1964). 

··Soybean. 
hulls· 

60. 7c 

Diets 
Soy oean ;.: · 
flakes-& :hay. 

70.8a 

. ·L- . ·' 
-- J::.a'· 
80.0 

Soybean ·hulls:·. · 
and hay. Hay 

69.2ab 48.8 
.. ,, 

80.5a 

a,b,cMeans in the s~me r~w
1

~i'th'·:un~~mmo~ ~u~;erscdpts differ (P(.OS). 
'!, ' ... _l• .. f_r, . ' :I •'' 1 f •[ "; 

·-,- ~ 

Table 3. Influence of forage to_concentrate ratio on ~ctual and calculated 
digest_~·bfl,i,~i.e.s of 'enetgy . ~~ci crude protein. i '' . ; '- . 

. ~ r - "' '( ' . "\ ' f.·- •' •. ·_"'[I ' _'l 

. . ,. '75 =-25 
.,-.,_ . ' J • 

actUal 'calculated 

Energy 48.96 49.76 
-~--'"';;{l!1i'''':~ ~-:··'> .;.-~-~~ .b 

Crude p~ote'in i: f~i~,2. 2: f • · 56.2 _ 

1 ' 
From Nelson et al. (1968). 

Forage: concentrate 

50:50 
actual 

57.66 
a 72.2 .·· 

calculated 

59.14 

~s.oh · 

25:75 
'•-• ,,_ r 

actual 

66.14a 

76. 3~. 

calculated 

ab 4. •• -··,~· • ""::__- .. -~ .J~·-t . --- ~-~ "- \~-: 

' Means in the same row, for a given forage: con.centrate r:atJ();r '-1ith uncommon 
superscripts differ (P ~.05.) 

._,. J '' 
_;_· 

-, 
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Table 4-. Alfalfa- -hay. and- beet- pulp digestion .coef-ficients 
, ver~us tl!os~;cal'culated ~y differ~nce._l> 

determined direct~y 

Alfalfa Beet pulp 'j 

Item Observed Calculated Observed Calculated 

Dry matter 
b .. · 

61 ··.; ----~ .- ., •. 

~nergy ' ... ,: 
r: 

66'b 85 81.) 

Ether 
. ' extract 28 15 -57 

.. 
-96 

Crude protein 
-·a 

69 7lb 63 66 

Crude fiber ., 1 52a ·; 54b :c:. '84 1. 87 

NFE 66a 7lb 94a 96b 
r ••• _-. 

1 -· ··~•-· L 

From Aspliu1d and Harris (1971). -_t .. f:, 

-a,bMe~~s, for a.~given feed, in the s~~ row ~:i,fR·] unco~q~ ~~pe~sc;ripts differl.. 
(P -~.05). 

' . 
Table.5~ Associative effects between corn al).d c9rn silage on d:t;Y matter and 

energy digestibility.! 

Item 

DM digestibility, measured 

Predicted 

%-decrease 

Digestible energy, ~asured 

1 

'·· 
Predicted· ~­

% decrease 

From Byers et al. (1976). 

Corn silage 1/3 · ~o~ 

67.65 

2.96 

68.34 

71.64 

- --. 4.83-

2.98 

-~ 3 ,'13' 

4.79 

.. 
70.78 

75.39 
... _, 

-6.24-

3.04 

3.28 

7.40 

corn 

79.19 

3.44 

Table 6. Expected and observed dige'stib~lities of mixed corn silage corn 
grain diets.l 

rtem Expected Observed Depression 

.. -_ ..... 

Dry matter 78.6 . 69.8 11.2 

-Energy 'lB. 2·- 68.6 12.2 

Starch 97.0 87~4 ·lb.o 
,-, 

11.9 
Crude protein 69.7 61.4 

Cell wall 55.8 45.o 19.9 

1 From Joam_ling et al. (1981). 
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Table 7. Methane production, heat increment and energy values of single 
ingredient or mixed, d~~ts .1 

Diet 

Alfalfa 

Alfalfa-corn 

Methane 
(g/kg) 

23:-6-, 
1,' 

30.4 ., 

Metabolizable energy '-Heat increment Net energy 
· (kcal/kg) (kcal/kg) - (kcal/kg) 

',, 

1:·94 

2.;57 
' 

,., 

. 67 

.37 

1. 27 

2.21 
J' . ,· 2 ) ) 

(.14) 2 
Corn 23. o._, 3. 34. (3.26). . 53 2 . 80 ( 3. 13) 2 

'l . 

' ' 1 1 '·, .. - ,_j' lrom Forbes et al. (1931) 
Values forcorn in parentheses were calculateJ,from the ·mixed diet. 

Table 8. -Inf-luence of· forcage source -on '·utilization ·of feed 1 energy. 
Net energy. Metabolizable energy' 

DM intake (kg) .. ,,., . . (kcal/kg) Heat increment (kcal/kg corn 
Forage Total Corn ·- ""Total · Corn (kcal/kg corn) added 

Oat straw 4.9 

Timothy hay .. 4:·9 · 

Alfalfa hay 5.7 

.. 

---

1.1 

Ll 
c 

- -" ~.=- ~ 

1. 2-

1 From Forbes e·t aL (1933). 

'. 1 ~ 

11.90 3.36 .88 
;rs ·2-:~ n· ' ' -- -. -·--· .. 

11.77 3.06 1.30 
" -- --~· ~- ...,_-

1.3. 70, ~ 2 .. 99. 1.01 
' ~-

Table 9. 
. '.' ~ 1 

Energy values-of corn and corn silage diets. 

.: Diet 
Item Corn Silage 1/3 corn 2/3 corn 

ME, Kcal/g ' .. '\ 
) 

> \o • •J 2 2 
measured 2.53 ___ 2.55(7.4)_. 2.61 (12.1) 
predicted 2.75 2.79 

NErn, Kcal/g 
.I ~G ,··,' '' ', 2 

(4.812 
measured 1.69 'L84· (4.7) · 1.84 
predicted· 1. 93 . 2.16 

.. , ' 

NE , Kcal/g 2 
(12. 3} g measu~ed 1. 24 1.38 (10.4)·1.60 

predicted 1.54 1.82 

1 
2From Byers et al. 1l976). 
Indicates the % depr~~sion from the predicted value 
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1. 75 

2.02 

Corn 

3.18 

-

2:39 

2.11 

·'' 
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During the past 15 years, several experiments have be~n condu~ted ~n supple­
mentation of dairy cattle diets with methionine hydroxy analog (M-analog)~ 
Although milk yield has been influenced in some trials, the most consistent res­
ponse to M-analog has been an increase in milk fat percent and/or yield. 
However, some experiments have not shown any response to M-analog and for this 
reason, nutritionists have been hesitant to recommend the use of M-analog. The 
intent of this paper is to summarize work with M-analog including recent work­
at Minnesota and present practical feeding recommendations· for its inclusion in 
dairy cattle diets. 

SUMMARY OF LACTATION TRIALS 

A summary of lactation trials conducted with M-analog is in Table l. It is 
evident from these data that positive responses have not always occurred.· ·With 
a few exceptions (13,18,32,33) increases in milk fat and/or fat-corrected milk· 
have been observed in continuous lactation experiments where M-analog was fed 
during early lactation (2,3,4,8, 15,16,20,21 ,25,29,34 ). This i~ the period . 
when mobilization of body fat plays an important role in meeting nutritional·: 
demands for milk production. Most experiments conducted during mid-lactation or 
switchback and Latin square design experiments have not shown positive results 

·for milk production or composition, indicating that the period·of lactation when 
M-analog is fed is a factor in its efficacy. Carry over effects of M-analog, · 
between experimental periods may be a problem in switchback and Latin square 
design experiments. 

Optimum amounts.of M-analog appear to be 25 to 35 g/cow/day or approximately_ 
.25 to_.3't of the concentrate mix (air dry basis). Bhargava et al. (2) included 
M-analog at either .1, .2, or .3% of the concentrate fed and observed the 
greatest increase in milk fat at .3%, or about 26 g/day. Intakes in excess of 
45 g/day of M-analog have been reported to decrease total feed intakes (25). 
This is probably· because the objectionable odor of M-analog may reduce pa·lat­
a_~i 1 i ty. 

A 2 to 3. week prepa:~~'.:;: adjustment period to M-analog has been employed fn most 
continuous lactation experiments, although the data do not indicate whether or 
not this is necessary. This practice may not be practical in on-farm usage. · 
Unpublished data ftom Minnesota indicated no difference'S in milk fat response 
when M-analog was included in diets beginning either 2 weeks prepartum or 2 
weeks postpartum.· ~-

Cows- fed high energy (high concentrate) diets seem to respond most to M-anal og 
(2, 12,16,20,21 ,25 )~ High concentrate diets may tend to depress milk fat test. 
Rowe et al. (28) observed increases in milk fat percent when cows were slightly 
fat depressed by low (10% ADF) fiber diets, but M-analog had no effect when milk 
fat tests were depressed greater than 20% below normal. 
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Chandler .et al. (8) reported '"a· greater re~ponse in milk fat production \vhen 
M-analog was fed in low protefn ('12.5% of, OM) contrasted to higher protein 
(15.5%) diets. A protein sparing, effect could be expected if M-analog were 
simply supplying a limiting amincf"acid for tissue protein synthesis. However, 
a lack of response to dietary protein .i_rJ_thi s study ( 8) together with the fact 
that milk fat was the only productign parameter which increased indicated that 
other mechanisms were involved. Je_nny et al. (20) reported significant in-.· 

1 

creases in milk, fat-:-correct~d mil~. and milk fat production with inclusion of· 
M-analog_in both .13.5'and 15..5% crude protein diets. 

. -· ' ; 

Methionine '. :· 

Relatively _few e~peri~ents have been conducted .with the ami no acid methioni n~;·. 
in lactating cow di~ts. Remond ef al. (26) fed 50 g of DL-methionine beginning 
2 weeks prepartum and continuing through 5 weeks postpartum and observed a sig­
nificant increase in milk fat production. This supports the contention that 
M-analog elicits its effect via methionine. No differences in production were 
observed by Williams et al. (36) when 12 g/day of an encapsulated methionine 
which by-passed the rumen was fed, .suggesting the response to methionine may be 
ruminal. However, milk fat percent did._increase approximately 10% (P < .05) 
with intravenous injections of 8 g/day of L-methionine (7). Milk protein in­
creased significantly in an experiment conducted by Fisher (11) when 11.2 and 
24.8 g DL-methionine were administered intravenously. In an experiment con­
ducted at Minnesota, M-analog or Til-methionine was fed at .1, .2, and .3% of 
the concentrate to cows in early lactation. !~hile no differences in production 

'were observed between i-~-analog and D,L methionine supplemented cows, both groups 
had higher fat tests than controls at each level of supplementation. Highest fat 
percentages were obtained with .3% M-analog (3.73) and with .2% DL-methionine 
( 3. 72) compared to 3. 34% fat for uns'upp l'emented cows. -

- ' .. '-

MECHANISMS OF ACTION 
\ . , 

As evidenced from the previous discussion, the mode of action of M-analog is not 
. understood. Belasco (1) has repor.ted. greater resistance to microbial degrada­
tion, in the rumen for t4-analog than for methionine and biotransfonnation of the 
analog to methionine in ruminant tissues. Emery (10) administered M-analog and 
DL-methionine through a ~men fistula and reported similar disappearance ra~es 
between 2 ·and 4 hours postadministration. Patton et al. (24) reported increases 
in ·protozoal number·s in the rumen of cows fed M-analog. The high lipid content 
of protozo.a (17) may be related to increases in milk fat production. Changes 
in rumen volatile fatty c.c~-·1s have been observed with M-analog. Rosser:et al. 
( 27) reported increased rumi nal acetate and butyrate and decreased amounts of 
propionate with M-anal og supplementation. Rowe et al. ( 28) observed an increase 
in the ruminal acetate:propionate ratio from 2.53 to 2.86 (P < .05) when M-analog 
was fed in low fiber diets. · 

Altered lipid meta~olism via changes in serum lipoprotein fractions. has been. ! 

observed wi'th M-analog supplementation (22,25). Methionine is- involv-ed in the­
assembly of lipid and protein moieties in lipoprotein synthesis (31 ). The 
question of whether theM-analog effect is simply as a source of dietary S!Jlfur 
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was addressed by Gil and Shirley (14) who found that M-analog and sulfur con­
t~i_n.~ryg_ a"'ino .ac.i~s -.s~imu.late·a/growth.,.of rumen ,bact~ri:a' while .in,organic .sulfur. .. 
add{_ti ons _di,d n_p't.~ . ~ ncr~as~,s·. ·; n ~i 1 k fat pr~duct;jon; hav~ ·been: obser_yed. with. M-:' ·.~· 

\" analog supplementation wh.en all' diets~ were .e.ither fsosulfur or were ·at or above ~. 
NRC sulfur·'r~q~J.rements (~,5,~!16,34)<~.-, .. : · ·. ·' ·:·~· ·.:/\;~_.·,· :' .. ·-. · ·· ~· ':·'. · · 

l. MI NNk~oTA REsf;i\JitH ~ 1 .-, ,: {, . .! • • ~· -~ ~ .~: '! · c .. ':! ; :· ·~·'?:. · 5 • · • -. • · ~ 

'I I.'.;.; 1• 1 ; _: ~.·· .~,.- !'," .. ~ .~·. ~ ·.·.' .-~.;_ ~ ,:.-~~-~ _:~ ..•• '. /V.. ~ ' ~ 
Work at! M1,~re~~jt,~ 1 ~~s concentrated on. def1 n1 ng pr.a,ctfcal ~cond1 t1 ons. ur.de.r which , 
M-ana).og. feedi;ng: -wou014 be mo.st benefi~.i al;. Bhargava et ar. :( 2) s~owed that .• 2 to: 

\' ' .' . •• .,, I ' •·I • • ' ' • • •. , J ' • .• ' ••• l· • · • •" ~ · 10.
1 

.3% M-~n~log 1n th.e c~ncentrate el1G1te.d op~1mal· X~Spons~ . .Jrom· ~ows fed dH~ts -of 
60% c~ncen~r~t~;;.-bu,t mod~r~te in p~otei n. co.rit~n~,· .. S.~bs.eq~ently,:: th_ree expe.ri -> : 
ments- were. des 1 gned ~nd -conducted 1 n cons.ecut1 ve .years to study. the effects of, ... 
dietary~ erte'rgy an~Lproteil1. on production. respon~es·~'to M-analog.~.:-.- .... i . ' . .'·' 

.,...·'~'. ,-·,:~~ lr·,-· ','"1 -:·-~:"'/ ,"- : ·' II • •• ~ __,..- ~ i~ .. J c ' •. ' ',; 'J -:: •. - '~....,'"'·;.. 6 

Trial. l' was .designed .,to de.tEmni ne the effe'cts. of M-a'nal og supplementation ·at 
two diet~icy;'pr.O .. t~.fn'pe'r:centages •. Forty-five .lactii"'ting,Holste'i.ns.\O!ere fed. 

1 
·J' •. 

eithe,r;- q'~~.2 :~/·15.-~'t._crude protein diets (OM basis) •. The 'di~tar.Y:r~r,y matt~r c:on-i 
sist~~.o(;appr,.o)d~?.te_ly ,40% c:oncentra,te and._60't for.age_ (corn .... sila,~~, alf!l~f~ :r, ~­
hay). ~;-ana l:og w~s ·~f~.d at e1 ther 0 or • 25% of th¢ ~,conc,.~nt.ra~e. ( p1 r dr.y, ba_sJs.),.: . 
beginning 2 ~eeks pr~partum and continuing through~l6 weeks postpartu~~ All ... 
diets met NRC requirements for sulfur. Milk production and· compos'ifion were not· 
significantly influenced by M-analog at either dietary protei.n -P~tGe,ntage., . ...; . 
However, milk fat percentage was slightly higher overall for cows= fed M ... analog ~ 
c_oJ~pa_r:e:d J;~P~ 9~!1~ro};s .J ~ .•. ?5 vs .3 .44%).... ~ .::- ~ :~ c , .: ~ • ~·, . , ·. •1 ~ .• , 

1~)·;',.~()-;:, '.c'"".· .... ,. ,-~ ;···;j~, ·-,. ·~ -.. Jr ,Y·:~~' :·e--..-=', t -~ -. r ..- ~~· ···~.J 

The obj~c't.~,v.e_.of.T'ri~.J; 2 wa·s 't? study t~e interact~o!" of~conc_e_.ntrate lev~l;~'!'')''J 
M-a.,n,c~}_og ,re_~.pons~ i_n~ rl o~ and. h1 gh prote1 n di e~s. ~.once~trate was ~ i nta1 ne_d, at . 
either 4_0 _or;~~f~~f-rat1_on dry, l'latter and dietary prote1f! was either 13.5 or ·_,_-
17.3%. d<1ranalog.supplementa.tion, ,,conce.ntra.te composition and forages·fed were.··~ 
si~i):~~·h~()~Jthp.s(~J.ri~ l;[i.al ·1. · · · · · : · :) ~ ~: ·: ,~ _ 7 
~~.~-) ~~L;~.~, ~·:.:,·.11·\·.··""P .. i·'.i·· . r~- ~ , >'', ~ ~ ~ ,, __ '" ~~t ... 
~7an~)_c~g~ ha~ 1-!JR e.ffec~ -pn milk prpduction or compositi.on when fe~,.wi_th the 40'.t,.j 
conc.en;tra.te),<ffe~s :.(X~ble: 2). ~owever, when the, 69tt concentrate diet.s were ·~.~ 
supplemer:rted with M:..analog, mi-l~ fat p~r,cent.increased significantly when com~v-: 
p.~.r;~d .. ~fo :_~h·~ .~uri~~'~pf~ril_ented diet)3.42 -~.s ).66%) •. Milk. fat yie_ld and.:.faJ ~-: . i·,.: 
corrected m1lk 1 ncreased by .07 and 1.1 kg/day, respect1 vely for cows fed.. , ·, 
M-anal og in the 60% concentrate diets compared to controls. No sig.nific'a'nt .v ' 

M-analog .by, protein::int~raction was found,. although the increase, i11 .fat test- -.. 
~ • . , . ! '~ , I '1 " • " ' , • 1 _r • • _ '"' 

was·hig~_eLfo_r.~cpws ~f)eq low ~t:",otein. Milk.·fa~-p~rcentages of cqws .. on l_P~:,pro~ ;.·, 
tein, high concen:t_rate. 'were ,3.46 for controls versus 3.88 with M-analog, whe.re~s 
fat tests:,of c'ows'~.fed.~h'i'gt:t .. ,protein, high .conc~ntrate diets were 3.39 an.d· 3.45:for 

, ' ~ ~ ' I '. ln..' ,) :J , • : lj . • • I • , , ,, • , , • • ~ 

cont.~ol~n~ ~M:ana1l~~g (~_r:e~tme"nt~ ,: resp~Ct1Ye.ly. ~nalys 1.S of.. r,u~~ n U,i d_ r~veal ed 
that on :th~ h1gh·~co,ncerrt;rate.d1ets, cows fed M-analog. had s1gn1f1cantl_y h1gher .. 

• - oi . J ..) 'lo_ • I ,,.. _. .. • -' , • . . I •.' · _ <' , J 

mo.lar .. pexcentage~ .. ,of.-aceltate a.nd -lower pr.pp1onate· th.an con:troJs·, which may be , 
r:eJa~ed; tq _t~~.j1;~ci'~~se')~ -~i,lk f.at test~ '.,Blood ~-hy~~o~y~ut.Y;r~.te l,~_vels~ we~r~. 
essertt,ial:~Y.,·~~e. sa~~,-fpr;:~;ll.i .. cows· a~~ weeks. prep~rtu~,- ~owev~r a~·2,:)'lee~s: p.ost-:1 
partum th1s ~~~1 opd consti.tuent was, S1!Jnificantly h1 gher · fo.r .. cows fed. M-anal og ,. ~ 
and remainea sffghtly higher'at' 4 ai!'d.6 we.eks postpartum:· Since ru·minal·" -- . 
butyrate was not affected by M-analog, the increase in pJ 1as~·s-hydroxyb~tyrat;e? 
may have resulted from increased mobilization of body faf a'rid ·its- s-ubsequent · - · 
conversion ~to ~-\~~~~tone.~··-;~ r( -, ~ .. - ,-.. .... ~ ~- _, ~ . .- ~ .. ,.. , .· , .· ~· _ ~-··.· .• ,.~. -.·.-. ~-.: .. ~·,1 • ,, ·.. , If l " 

(••'•'· __ J-..;J~} --~~_.· ij • • .1 ..._ •• I. __ ) ~ -.J ~- v< ...... - ~.1-J ! ,__ , _)1 "1 II 

~1r!J cc.~ir !~:J·i(t ·._·") c;i';j __ .~-'J :)1-:~r ·~l~·f~r.fl·:u ~-· :,·--~~-'";;:r~~.:~~ :;j; .(> t "~}, .... ~-~:~-~- l .. ~ 
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·Because opti.mum, ~esponse_ to'. M-analog was ach1eved _with'the high concehtrate.·;~;~,t' 
in Trial 2, concentrate ~as}naint~in~d at 60'.t of ration :dry matte~ in_.Jrial~:3 .' 
to further inve·stigate the response· toM-analog at varying dietary pr'otein.· .... . _.:: ~ 
levels (13.0, 15.0, and 17.5'.t of ratiqn DM).' Composi-tion of the concentrate· and· I 

forage and M-anal og- supplementation were s-imi 1 ar to the first two experime~ts~ .. 
1 

. ' . . ~ . .. . .· --- .. _._':' -- :~~--

Milk fat in~~ea~ed (P ~ .05))~ a~era~e: ... a~··?~ percentage units with M-_anaJogen; 
supplementatlon:'(Table -3) •. Th1s 1s s1m1lar:_ to the r~sponse obser_ved_ on:·the . : ·,, 
60'.t concentrate diet·. in Tri'al 2. -The higher' 'fat test·was consistent· at' each 1 "·:~ 1 

-dietary protein 'percehtlige~'la .Milk fat perce·nta'g.es: :for. cows- fed control' and 1 :,~; • 
M-anal_og di e~s_'·are ~hpwn -i ~ _ Fi gur:~· 11 :·throiJ'gti' 2.8i wee~s: -postpartum. M-anal~g :, .,~~~-: 
was fed· through -'16· we·eks · only·,··'however fat percentages of these cows .)rema1 ned il) 
higher after supplementation was -diScontinued~~ . Since milk fat was sim11ar at' 
the start of the experiment for control and M-anal og cows, a .carry over effect .. 
of M-ahal og may -be i nvoi-ved-:" Lowesf ·fat tests during the treatment period ; ·; 

... ~ -- • ,-~ ., ... r ' . I -I • • ... F '. - .. • - r -~ 

occurred during ~eek __ l2. ,. Cows f~d''control, di.et_s _tested 3._16'.t during this .. ~ 1 ;, 
period, wh_ile- t~ose· ~edM.-'ana_lo_g ~intai_ned :a fat~t~st ?f 3.39. ~i_lk fat ~,nd:~~.~ 
fat-correcte_d nnJk Y.lelds1 __ a..,era_g~d._.~07, .. a~d-J,.l:_.kg/da,Y h1gher fo_r·coYI.s fed~M--.:~·-r 
analog~ No differences in· dry inatte(iritake·,. milk yield, SNF, or milk proteint.Jf. 
were observed •. - .' ·.- · · ··/ ··: · ··:· :~ r .. . . 'J. :~ ; ·, . > : ~=J 

J , . ~· ... .. ; ." - i ~~, .... J. ;) .. ·1 - • , • ~ r D 

Combined Lactalfon 1Study ~-\·-.::· _ · · . ,:-, .. _/ ~~ ., 1.). : ~·.-r;; 
..;,_;_ __________ --:,---=-' ; .. ~ ·;:- :~ ·:.~ -~~_J:t ·L ~ :_.:: T '... ~ ;.:;t; 

The results from Trials 1, 2, and 3 indicate :·that a response to M'-analog·su'ppie~:; 
mentation c~n be expected from cow~ fed high concentrate diets, regardless of .. 
dietary protein level. · Becaus·e cow· numbers. per treatment i,n the i ndi vi duaf.'':' >1.'i_ 
experime'nts' were small, data from l7~. 1 ~Ctati OflS OVer' a periOd Of 6 years Were· 

1 
'I 

·combined ·and ·analyzed for ·effects·rof M:..analog· on inilk production ·and com-· :.r~ 1 ~?. 
position. These data were from-2 ·pubHshed ti-ials by Bhar:gava et 'al. Un,- ;·:: 1 

Trials 2 and 3 reported in this paper, and 2 unpublished experiments con'duct1ed 1r2 
at Minnesota. All animals used were fed similar diets of approximately 60'.t con-. 
centrate, 40% forage in wti'ich ·M-analog· was ~the dietary variable, ted at eithe'r:·o 
or .25 to .3'.t 'of the concentrate' fr.om. 2; weeks· ·prepartum through 16 weeks '"post..:;'~' 
partum·. Dietary protein va:rie'd"'fro!n_-~13 to·l7.5'.t of dry matter among _the-6-. ~J!·_: 
trials, ~u.t amount o~ protei_n fe.d·w~~ \balanced for cows fed _M-analog, and contra~· 
diets within tr.ialS. ~-c.· · · ~" ·' ·.· ·.l, 1 • · }. · - .r.; · ·1·. 

l ' ,.._ ' ' ' . ' ~ ~-: ! t ·-:: ,.~ ) '_.:.: .: ,_ . ~f : ~ : >-, 
l • • - - "' ......... .,.. ! ,A. ... ,.._ • ~, ... ' ... -. ,.--. -

Results are. presented.' ·iri Table 4. -Approximately one-third of the animals.·- ·. · 
r.epresente~ were. i-n· thefr~~{ir_:st _1-~c~at'!,on. · NoM-analog b,Y'_age in_t_eract'ions ·, ,'~~­
occurred-for any of the-parameters measured, so results from2-year olds .andf·,.~: 
ol'der cow·s~ are combined· in the table. Milk yields were similar for cows~fed· :y:,'J 
M-anal og' and: 'controf ,di efs'. Mfl k fat\, however, averaged'. 3_5 'pe_rcent:~ge'' un'fts. -~: 
higher (P = .0001) when M-analog was included in the diets. Daily· milk fat <:··-· 

production was .09 kg/da.Y. h.igher '(p .= .0005) and 4~ .fat-correc~ed milk _ave~rag~~- .. 
1.1 kg/day higher (P = .04) for cows fed M-ana log comp_ared· -to 'controls~/ _Solids-') 
not-fat percentage> was::h'i ghe·r (P = ·.04 )_ but _yields :'of~_SNF 'we.~~ s·i_mll ~<;on' ~-71 ~. 2 ~ 
ana 1 og and contra 1 _diets·~ Mi 1 k protein- was not i nfl u.~1nc;~dJ ~::r3M~_a_n,.a,l ~g:: '. :-·::'.~~" ~ ;: -~ 

~~)~~. ·"t::~ i .~~- <1 ~ ·~·· .. -. i._J·~~-.~~LL 

l :·· _·.c~: ..... ~.... . ..... '~ )~~~j~ ~-r: , ·~~~'1·~~1 "tc ... ·.: SUMMAR'( AND RECOMMENDATIONS 

If M-analog is to be recommended for use in a commercial cta·iry:0ope'ration}·=:n\'!'!t:·:, 
supplementation must be profitable. Utilizing the results obtained from the 
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combined lactation study and a milk price'of $13.00/cwt with a .17. butterfat 
differential, milk from "cows. fed M-analog was: worth 60¢/c"(t more. than that of 
the control cows •. Supplementation with ·30 g/cow/day of M-analog costs about 
10¢/cow/day at current prices. Cows_ f~d ~-analog in this study showed a net 
profit of about 19¢/day or approximately $21.25/cow more than controls during 
the first 16 week·~o of lactation. ·rt must ,be emphasiz~d-·that this is 4nder 
conditions in whJch the max~mum milk fat ~esponse to M-analog occurred. · 

~ ·; j ~ . . ·- j ~ ~ 
A milk fat response to M-analog supp]ementation· cannot ah{ays .be expected as 
evidenced by ·~he results of the experiments summariz~d in:Table'l: Care must 
be taken that~M~analog is not used as a "cure~all" for fat test problems. · 
However, M-analog·:appears to be beneficial for improving milk fat production of 
lactating dairy cattle fed high grain diets (-50 ·to 60% of OM) during early 
lactation. Efficacy does not appear to be limited by ranges in dietary protein 
normally fed to dairy cattle. M-analog can be included at .25 to .3% of the 
concentrate or about 25 to 35 g/cow/day. It ~houl d be. \#(ell mixed wi ttl oth.er,· 
r~tion components to obtain a maximum r.esponse' without .reducing rati"on palat~; 
ability •. Future research should be concerned'with establishing the mode of_· 
action of the M.:.analog response. A better understanding of the biochemical " 
mechanisms involved would further aid in recommending situations forM-analog 

~~ use. 
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Table 1. Effects of methionine hydroxy analog on milk and milk fat production. 

No. of Amount of Actual 4% Milk Milk Experimental Type of 
Reference cows M-analog milk FCM fat . fat · design diet 

(kg/day) (kg/day) (kg/day) (%) :: 

27.6a ·- : 
Gri~l~ 1968 (15) 42 0 ' ~ Continuous lacta~ ·Haylage, corn . ·' 

40 g/cow/day 29.6b 
. :'_ r , ' , 

silage, grass ·tioh, ~21 to 56· 
80 g/cow/day 28.la days postpartum hay 

~:, l 

' . 
Polan, 1970 (25) 24 0 31.1 .. -3. 76~ Continuous lacta- 50:50 

.2% of grain 34.7 -4 .16b tion ,- -.__14 to 90.- -.·.concentrate: 

.4% " " 34.1 4.30C days postpartum corn silage 
·' .-8% " " 29.9' 4. 61 d -·: ,·_ •- I ' ' 

. ' ~-. 

·- Switchback,~ 4,-wk ~"J " Burgos, 1970 (6) 16 0 15.7 14.7 . .55 .) 3. 72 Co~n silage, 
40 g/cow/day 15.4' 14.2 .57 3:76 ' periods - <t'· hay 

; 
,. 

Hutjens, 1971 (19) 12 0 18.3 2.50. ;, : ' :.. 4 

3:1 concentrate: .so l .3x3 .Latin square,~ 
. 22% of 17.9 .40 ' 2.40 

. . 
hay .. . ·s-wk periods, ~ t,_ ,.,_, . 

grain . '' ; ,_ 
12 0 18.4 .70 3.60 3x3 Latfn square," 2:1 concentrate: 

.22% of 18.4 .70 _, '3:60 ~ 5-~k periods hay 
grain ...... - ~ ~ 

Rosser, 1971 (27) 16 0 18.3 15.8 .I' 4-wk period duri~g ,85% concentrate, 
40 g/cow/day 19.3 19.4 midlactation I · : . . 15% hay 

6 0 27.6b 25.0 .81 3.00 Latin square 85% concentrate, 
40 g/cow/day 2s.1a 22.8 .80 3.00 15% hay 

Bishop, 1971 (3) ' 185 0 Continuous lactation, 
30-40gfcow/day +374* +463* +21* 0 to 90 or 120 day~" - ·· · 

postpartum 

a b c d ' ' ' Means within experiments differ (P <.OS). 
*Difference in year to year deviation of treated and control ME production (P <.OS). 
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Table l. Effects of methionine hydroxy anal_o_g_ on _II!ilk and milk fat production. 

Reference 

Holter, 1972 (16) 

(. ": 
Whiting, 1972 (35) 

~ - " ' :· ;,., 

Bishop, 1972 (4) 
' ~~ 

Fosgate, 1973 (12) 

.Bouchard, i9J3 (5) 

Olson, 1974 (23) 

Fuquay, 1974 (13) 

'· 

. No. of Amount- o£ Actual 
milk cows M-analog -

14 

12 

85 

·" ..• ,~,.:.:.r-. 
- .,~~ 

10 
;. .J:\~ 

4 

36 

55 

... 
,_;, 

0 
.36% of 

grain 

0 
40 g/cow/day 
80 g/cow/day 

0 
.-. 22% of 

grain 
0 

25 g/ cow/ day 

·' I' '~. ')_.,. 

(k_g(day} 
27.0 
.26. 4 

25.2 
26.1 
25.2 

+554* 

20.1 
21.,2 

0 . 22.1 
' 25 g/cow/day 22.4 

0 17.4 
16.6g/cow/day 17.6 
23.2g/cow/day 17.8 
27.9g/cow/day 17.7 

0 
25 g/cow/day 

22.4 
23.6 

.a~bMeans within experiments differ (P <.05). 

4% 
FCM 

Milk­
J ·fat 

' ' 

(kg/day} (kg/day) 
23.6a .85a · 
24.4b .92b 

+554* 

15.8 
16.0 
16.2 
16.1 

+22* 

, ': 

.59 

.59 

.60 

.60 

Milk­
fat 

(7.) .. 

3.10a 
.3.-50b 

2.88' 
2. 78 
3.00 

a 

+.26 
unitsb 

3.40 
3.70 

3.42 
-3.-!1;3 
3·.42 
3.44 

4.78 
4.63 

Experimental 
design 

J· 
Cpptin~ous lac-
tation, -14 to 

.168 days pos~­
>par:tum 

4-wk periods, 
1-wk adjustments, 
mi_d-lactation 

Continuous lac­
tation 305 days 

12,-wk doup~e 
revers a~ 

.. -,f - ·' ~ 

SpHt plot 4x4 
Latin square 

,Swit.ch-pack, 
5=-'wJ<;·_peri_ods, 
,mid,:-)actat ion 

,, 
Continuous.lac­
~~tion, _ p to :~w 
days· 

*Difference in year to· y~ar deviation of treated and control ME production· (P <. 05). _. 

" ., 

Type of 
diet 

55 to 65% con­
centrate, 
alfalf_a hay, 
corn __ silage .. 

45% concentrate, 
55% cubed alfalfa 

~·· 
~Milo, ~arley, 

alfalfa ~ciy_ ~ I f 

65% corn, 35% 
~ottonseed hulls 
and alfalfa pellets 

Corn, corn silage 

_Cort1_, c_orn, .sil.~ge, 
.hay .,. 

"/ .) 

Pa?t_ure, hay 

' ' 



Table 1. Effects of me.thionine hy_drox_y __ analoR _Qn_ tnilk an_d milk fat production. 

Reference 

Van Horn, 1975 (32) 

Wallenius, 1975 ()4) 

Hutjens, 1975 (18) 

Chandler, 1976 (8) 
,-

Stanley, 1977 (29} 

Bhargava, 1977 (2) 

' ~ ~ ' 

No. of Amount of 
cows M-analog 

36 
.) r) 

24 

42 

87 

144 

503 

47 

.Q 

25 g/cow/day 

0 
25 ·g/cow/day 

'. 
0 

25 g/cow/day 

0 - -' 
25 g/cow/day 

0 
.125% of DM 

0 
30 g/cow/day 

0 
.1% of grain 
.2% of grain 
.3% of grain 
0 
.1% of grain 
.2%-of grain 
.3% of grain 

Actual 
milk 

4% 
FCM 

Milk 
fat 

Milk 
fat 

(kg/day} {kg/ day} (kg/day) (fi:) 

18.0 
18.1 

3i.s 
30.4 

18.3 
17.1 

23.-o 
22.9 

23.5 
23.1 

25.5a 
26.8b 

26.3 
24.7 
25.8 
26.8 
26.2 
28.2 
27.3 
26.8 

21.4a 
23.0b 

23.4 
23.2 
24.1 
26.2 
23.4a 
25.8ab 
25.8ab 
26.3b 

.86 

.83 

.91 
.. 87 

.• 84 
.86 

.74a 

.82b 

.86a 

.89ab 
• 92ab 

1.03b 
.87a 
.97ab 
.-99ab 

1.04b 

3.92, 
3.84 

3.20 
3.30 

3.6la 
3.73b 

3.00a 
3.llb 

3.30a 
3.57ab 
3.56ab 
3.87b 
3.29a 
3.45ab 
3.62ab 
3.83b 

~,bM.eans within-experiments with different superscripts differ (P <,OS}. 
'-. 

Experimental 
design 

Continuous lac­
tation, o' to 84 
days 

Cont~nuouf? lac­
tation, _13 to 
p9 ·d.ayf!; :._i 

Type of 
diet 

Corn, sugarcane 
bagasse, citrus 
pulp 

48% concentrate, 
42~ alfalf~ hay, 
10% alfalfa-:"gra,.~s . 
silage 

Cont.inuous lactation 
~14 to 305 days • 

I, •' 

. ~ 

G_ontinuqus lactation .1 
-14-to 30,5. days 

Continuous com­
plete lactation 

l' 

Variedfor location 
12.5 or 15.5% CP 

Continuous lac­
tation, 0 to 110 days 

Continuous 
lactation 
-14 to 116 days 

Continuous lac...; 
tation -14 to 116 
days 

60% concentrate, 
40% corn silage 
+ alfalfa hay 
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Table 1. Effects of methion:t:ne hydroxy analog on milk and milk fat production. 

No. of Amount of Actual 4% Milk Milk 
Reference cows M-analog milk FCM fat fat 

Clay, 1979 (9) 104 

Vandersall, 1980 ()3) 
28 

Jenny, 1980 (20) 24 

Stokes, 1981 (JO) 24 

(kg/day) (kg/day) (kg/day) (%) 

0 (lO.S% CPl 28.3 
.22% of grain 28.8 
0 (12.S% CPl 32.4 
.22% of grain 31.3 
0 (14.S% CPl 32.7 
.22% of grain 34.3 
0 (16.S% CP) 34.8 
.22% of grain 33.7 

Yr 1 Yr 2 
0 28.8 26.4 
.1% of grain 29.S 29.S 
.2% of grain 26.2 30.9 
.3% of grain 29.2 30.S 

0 (13.S% CP) 27.S: a 
-24.\ 

.2S% of grain 29.8 28.7 
0 (lS.S% CP) 24.4: a 

22.Sb 
:2S% of grain 28.3 26.3 

0 (low 
protein) 28.1 24.7 

2s g/cow/day 
(low protein) 28.3 2S.3 
0 (high 

protein) 30.1 26.7 
2S g/cqw/day 
(high pr:oteinl 29. 6 26.4 

Yr 1 Yr 2 
1.07 1.02 
1.10 1.16 

. 9S 1.12 
1. 08 1.14 

.9~ 
1.12 a 

.8Sb 
1.00 

.89 

. 93 

.98 

. 97 

3.41 
3.60 
3.42 
3.42 
3.40 
3.48 
3.31 
3.SS 

3.29 

3.42 

3.31 
' 

3.27 

a, bMeans with-in experiment_s ,with different superscripts differ (-P < .• OS). 
• I ~ • • 

Experimental 
design 

Continuous 
lactation 
lS to 84 days 
postpartum 

Continuous lac­
tation, -14 to 
112 days 

Continuous lac­
tation, -14 to 
112 days 

Incomplete block 
switchback, mean 
40-days postp'artum . 

. . 1-c 

,J- - ~-

~. ..,, 

Type of 
diet 

SO% grain, 
3S% corn silage, 
lS% hay 

2:1 concentrate:. :; 
~orn silage + 10% 
alfalfa hay 

60% concentrate, 
40% forage 

Corn, corn silage, 
hay 



Table 1. Effects of methionine hxdrox~ analog on milk and milk fat Eroduction. 
' . t • 

No. of Amount of Actual 4% Milk Milk 
Reference cows M-ana log milk FCM fat fat 

(kg( day} (kg/day} (kg/day) (/.) 

Jenny, 1982 (21) 24 0 25.1 21.4 .75 
.25% of grain •' 

\,._', ·, 

(solid) 27.1 24.2 .89 
.25% of grain 

(.liquid)_ 28.3 24.8 .90 

0 
34 g/cow/day 

a 
2.96b 
3.14 

Rowe, 1982 (28) 28 

·o·-·-- . , 
a, Means within experiments differ (P <,05}. 

,, 

'·· 

I -·-··--· ... ··-·· --- ·- ...... - .. 

Experimental 
design 

Continuous lac-· 
'tation~ -14 toE­

. 112 days' 

Double reversal 
ll '," ·' 

,, ' 

~ 

·'· 
' ~ . "·- ,, . 

_). 

-U 

Type of 
diet 

60% concentrate, 
40% forage 

Low fiber 
(10% ADF) 

·. -' 
·"\. 

'. 



,, 

,. 

'Table 2. Effects ·of M.;..analog on 'intake, milk production, and milk 
composition· (Trial 2). ' ·· ·· 1 

Item· .. 
Concentrate, ·.%· 
M-analog, %{;. 

D.ry matter intake (kg/day) 

:Milk (kg/dayL 

;Mtlk fat (%) · .. 

Milk fat (kg/day) 

4% ~CM (kg/day) 

SNF (%) 

SNF, (kg/day) 

Milk protein :(%) 

Milk protein (kg/day) 

.,; :; '•l 40 

0 .25. 
/ -· 

16.9 17 .• 3'':. 

24.7a 24.0a 
b b 3.76·· 1.>3.68 

.92ab '.88a 

23.7a 42.~a 

8.48 '.8·.37 
a a 2.09- _· 2-.QO 

0 

18.1 

27.9b 

60 
.25 

. 17.8 '\ 
b c28.0, · 

3.42a'. ~.66b 
.95ab ' L02b 

25.4 ab 26 .5b _;) 

8.40 
b 2 .34 . . · 

:\,a .s1 . 
~ ._37b 

3. 28~ ,,;) .3._23 ~-.25 i 
: 81 a - • 77a · · . ."90b 

.:h32_ 

:92b 

a,bMeans within rows with different superscripts are different 
(P< .05). 

/ 
·' 

Table 3. Effect of M-analog on milk fat percent at three,..-dietary 
crude protein percentages (Trial 3) •· / 

Item 
Dietary protein (%) 

M-analog (%) 13 15 .17 .5 Mean 

Milk ·tat:· (%)' .00 3.33 3.53 

3.59 3.75 

a b · · · ·· · i M-analog ~ans differ (P < .05). 

.. ·..) \ 

~ ,. -, 
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Table 4 • - Influ~~e <?~ M-~alog Qn !Dil.k production and milk composition 
(Combined data from six lactation.studies) 

- M-analog ,(%). 
Item ~- .. ·t ~ 

Milk (kg/day) 26.5(92)a 26.3(87)·-- \' 

Milk fat <%> 
Milk fat· (kg/day) . 

4% FCM (kg/day) 

SNF (%) •· ·· ,, . -· 

SNF (kg/day) ; 

,:3.36(92) --·. 3.71(87) 

•;c-'.88(92)-• ·' .97(87) 

'23.9 (92) ·. 

8.65(92) 

2.-29(92) ;,,_, 

Milk protein (%) "' :\3.22(68) --, 

25 .o (87) 

8.74(87) 

2.29(87) 

3.25(64) 

Milk protein (kg/day) -- -~:87(68)' .87(64) 

.t.9 

.t.7 

.t.5 

.t.3 

.t.1 

~u 
~ 
._.3.7 
< 
~ 

3.5 

I 
I 
I 
I 

\ I 
\ I 
'\ I 

"...... I ... 
......... ,,. - -· ., . . I 

... ~ I 
_ ..... _ .... ,-..... ~-

.. ...... I ' __ ..,. 
'------ ·. I ---

~ . "' --- . "' . 

"' 

SE 

.47 

.05 

.02 

.43 

.03 

.04 

.03 

.02 

Pt 

.70~ 

~0001 

.oo·o5 

.04 

.04 

.92 -, 

.40 
• 83 -~ 

3.3 ', ..,.----:':' .. -__ , ... __ _ ' : ..,. ... \ ~ 

3.1 

, ____ __ 

(' ' 
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Figure 1. Influence of M-analog on milk fat percent, Trial 3. 
0% M-analog .25% M-analog ---. 
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Gross protefn requirements have been determin'ed 'for''a :nurnber' of . .I 

colqwater: arid warmwater fish, generally iri.the freshwater ·envirprym~nt 
(NRC, 198f; 1977). Results from studies with first feeding f'ry, d • • • 

finge._rl ing,. an<;l yearl.ing fish show t.hat gross prptein requirements are 
highest 1n fry ·and decrease as fish size 'increases. The minimum 
re.qulrement ror_ pro_tein of the young growing and~adult salmonid is 
reported t~ be 49 and 37 percent of the metabolizable energy (ME), 
respectiveJY ... This is considerably higher than the requirements of 
other:ani.m,a-ls as shown in Table 1. Beef c~ttle, dog and the ratJp_e_e_~1 

- . ., ---- . -
Table 1. Protein requirement of dffferent young and adult anim~ls .. 

-' '. 

Protein energy as a percent of.·: ; .. 
dietary metabolizable energyJ.~.~)·,;, 

Anima 1· c Young _J,-- ·· Adult-~-' 

Cat1 

Mink 2 

Dog 3 

Rat!+ 

Chickens 

Turkeys 

Pheasan,ts _-
Pig 6 ~;, ·· 

Beef cattle 7 

Trout &:salnion 8 

. I 

, 
' ··. 

1 ' 
-! 
'·-· 

28 

38 

12 

13 

25 
40 

43 

30 

1-2 

"49 

··. j 

•,, 

'•. 

'19 
'- '\ ')· 

2.Z 
5 

5 

17 

17 

24 

16 

6 

37 

1 NRC, 1978;. 2 NRC, 1982;· 3 NRC, 1974; 4 NRC, 1978; SNRC, 1977; 6 NRC,. 
197~~-~NRC, 1976; .!NRC, 1981. 

,. ,,. 

consiae.rably less protein than ~do the trout, mink, and tat. The<. 
growihgttrout needs, .about ·four. times more protein than the growing 

~ 

... -.) 

rat while'th~ ~exually ~ature trout needs about eight-times·the .. 
pr6tein' of the adult rat. ·'The requirement of the mink and cat is· more 
in 1 ihe with that of the trout.' Examination of the .. data leads' one to' 
question whether the efficiency of utilization of nitrogen is -lower 

• I 
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i~ trout ~han oth_E!~, a~~m~ 1 s;· -~.,.esp~fill)}Y the mq~e mature .. or adult 
f1sh. Th1s seems·'lntultlve,ly-_tru~·s,lnC~ the n~(lr mature or adult 
animal is near nitrogen bala·nce ,(rikither ·g·aihiri~l or losing nitrogen) 
and we know the fish requires more prote~n than other animals. 
However, fish readily use protein for energy as well as for tissue 
deposition since '·they are ·very efficient :-;n eHminaiing nitrogenous 
wastes in the form of soluble anunonia'compounds through the gill 
tissue dir~ctly in.tc:r.the,·water-- envJronment (Cowey and ·sargent, 1972; 
Smith et aZ., 1978). '--Iti:has' been'stlown>tti'atJ readily..:digested high­
protein materials have higher ME values for fish than is reported for 
other monogastric animals. Table 2 compares experimentally determineq 
ME values; for:trbut"'tor publ'ished· ME va:lu'e's 'fc>'r:·swine·a-nd chicken · -~ 
(Smith· ·a·nd Rumsey ;1 19'76). · ~--Comparatl,ve,-y' spea~·i rig; ·whh the· exception·\ 

-.~,~·,,' :·~ '~ _ _....:_"':'"'; 3• •; _; .r..: 'I .' • I~' ,
1

- j • :" ,' :~c. f , .. 

Tab 1 e 2~ .... Me'tabo:liiabfe: 'ene'rgy o'f 'some' h'i gh -p-~o'feir{'feedstuffs for ' ' 
triiut;·''chick'ens~··anC:! s'win·e. ·.J.; ·· · ·-.-~ 1 ·:~ · · • · ·· 

::- ,- .,_1! ' .·~I! c .. : , ·· .. J~,' . .. ' ,-, ~ ·~·---~:~ - ~ :f(\ .··, 

·-·· - r\, '~ ~ _ -·,-~! 

.. ; - ., Metaboli'z·able· energ·y--(kcal/kg) 
. oi~ ::1 ,- ' r ' ~ ~ r ' • .. . '· -l t ~ • • 

t ' 1/ 1 )
1
{-;- Q,• ._'\! 

- J - ., ...... J 

Feeds'tuff trdJta. ·.. i ·_.: ~:~ch1ckenb 

.. ' r ...-~ , -~ "":· ~" -
Fish ·meal --- · '-'' : 

Herring ~r:, .~ . ...:.~ . , ·v3900 
Anchdvy •: · · ··_: -~; r: J ~ • 3808 

Drie<LfJ.sh solubles 3083 

Soyb~an mea 1 
: •l 

Casein 

~ 3038-

4500 

a(Smith and Rumsey, 1976). 

b(NRC, 1977). 

c(NRC, 1979). 

·'I J .: 

.. ) 3190 

2640 
., .. 

2970 

2530 

4120 

S 
. c 

'· w1 ne 

3090 

2780 

2824 
3249 . 

2984 
., 

;.; 

i, 

of soybean meal in the case of swine, the ME values for fish are 
approximately 20-30% higher and protein appears to have more energy'. 
for fish than for marrunals or birds. Work at our laboratory, employing 
direct calorimetry, show that less than 5% of the ME is lost as heat 
increment (HE) in fish (Table 3) (Smith et aZ., 1978). This j_s .not.' 
sur.pr.ising when the differences in nitrogen waste excretio.n are · 
consider~d. The ~E. of protein can be derive9 frqm three sourc~s: 
1) the cost of metabolizing the non-nitrogeD part .of.the amino acjds; 
the carbon and hydrogen atoms enter many of the same metabolic 
pathways~ as tbe atoms from carbohydrate and fat~. The energy cost of· 
this function could.b~ expected to be similar:tq th~t for carbohydrat~ 
and fat~metabolism~ Z) the cost of §ynth~sjs of the exGret~dJwaste.~, 
3) The·energy Gost qf concentrating and excretjog th~~~aste prod~cts· 
by the,kidneys;, "'Sioc~ the .Jat.ter .two functipns;either do npt ogcur 
or req!Jir~~lit~le!energy,:in.:t~l~ost (qonyL(ish,·Jtb~-HE as~oci!ited . ~ 
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Table 3. ·.Energy distribution of protein by'ammo,noteli¢,- ureotelfc;! · 
and uricotelfc'animals.* · 

Fraction 

Gross, energy (IE) 

Digestion loss (8%) 

Digestible energy-(DE) 

Metabolic loss (UE.and.ZE) 

Metabo·lizaqle .energy (ME) 

He~t ·incremeJJt _(HE') 
J -' ~ ' ~. 

Waste product synthesis 

Waste' prod~ct'·, concentration 
, "I:'\;: . ~ 

and excret1on· 

Metabolism of non-nitrogen 

- Total . (HE) 
,, ;·' 

Net energy (NEg) 

*Smith et aZ.~ 1978. 

·-;... 

· Armloni a_ 
"';., .... 

-~ 5. 7 

0.46 

5.24 

0.72 
4.52 

l- I ,,1 

0.0 

0.0 

0.28 

'0.28 
i . 

4.24 
.. , 

, Urea 

5.7 

0.46 

- 5. 24 

'r-·. 

Uric acid 

5.7 

0.46 

- 5.24 
.. ' 

0.86 1;31 

4.: 38 "3. 93 '•' . 
•• '/ J-

.; • '! ·; 

0 ~ 5.1: ' .· ' - . .; 0. 44 

-0.22 -

0.28 
;·/1.01_ :.• 

3.37 

. ~ • i ' 
0.28' 

0.28 

'-'1.01 
' ~ 

2.92 
• ~ .· j ' 

. ) 

with protein consumption can be expected to -be :similar to that of 
carbohydrate consumption. For comparative purposes in considering 
Table 3, digestion loss was assumed tQ be equal at 8% for the three 
types of animals. The metabolic loss reflects the differences in the 
heats of combustion of the excreted ammonia, urea, and uric acid. Th·e 
theoretica.l cost of urea synthesis from 1 g of protein is 0.505 _kcal, 
(1 g protein x 0.16 g N/g protein x 1 mole N/14 g N x 88.4 kcal/mole 
urea X 1 mofe urea/2 mole N = 0.505 kcal). Using similar calculati.ons, 
the cost of uri~ acid synthesis is 0.44 kcal/g of protein. If the_ 
energy' cost of metabolizing the nonprotein portion of the protein is"· 
considered equal in the three types of animals, the differences - , 
between the measured HE associated with dietary protein are 'due to the 
heat of synthesis of urea or uric acid plus the energy cost of 
concentration and excretion of thes·e· compounds in the homeothenns. · ·H~ 

These observations make another ':interesting comparison possible 'when · 
the energyjprotei n ratios are ca·H:ulated from the various N~C -.- - - -
publications (Table 4). Keeping~, in lllind that ratios vary with age, 
size, and level.of production, it can be shown that fish require a 
low~r energy/protein· ratio. i_h the diet. than other·fann·animals .. · . 
Smtth (1981) has. shown that fish require .1 ess energy. to metabolize 
protein than do other ani,mal~. He·postulated that (sic) "wha~ appears 
to be a ,high pr:-otein requirement is really a.',low requirement for·· 
energy"; whi'ch is .another way. of expressing the e~rl,ier data ~on the .. - ' 
high protein needs of fishes.· Comparatively-speaking, it has been · 
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Table 4.- Energy/protei(l_ rat.ios (kcal/g protein) of different young· 
and adult an-ima 1 s .. 

Animal Ratio 
'' 

23-40 
c "J -~)~ j 

Swine~ 

Chicken 3 ·' 
-, 

Trout and catfish4 

~- 15-23°- - -
'" 13-'1 f~ ,r •1 

8-11 j 

1 NRC, .!~7_?; 2 NRC, 1979; 3 NRC, 1977; 4 NRC, 1?77, 1981. 

shown that ,fish are among 1 the most efficient users of dietary energy~.~,' 
of all animals (Smith et ai., 1978; Reid et cil., 1980). This superior. 
efficiency is attributed to, in addition to their unique nitrogen ' 
metabolism, the low energy requirements for body temperature control, 
locomotion, and reproduction._ Irrespective, it is worthwhile to 
examine.- the high protein requirement of fish and the possible reasons 
for same: ~ 

A surm1ary of the essentiality of.amino acids for fish is shown in 
Table _5. _- Cystine and~ ta~rine are listed as conditionally essential 

Table 5. Essentiality of amino acids in salmonids. 1 

No synthesis Conditional synthesis Adequate synthesis~ 
(essential) (sparing action) (dispensable) 

. ~ ~ ~.,. 

Arginine . .cystine Alanine '~ 

Lysine 
i ,...,,!..-·-' -,1 

·-~Taurine Glutamine 

Histidine Tyrosine Proline 

Isoleucine Serine/glycine 

.Methionine ·• Aspartic acid 

Leucine Glutamic acid 

Val i.ne 

Ph~~ylalani~e . -

Threonine 

Tryptophan , -· - ' J j ~ ., 

1 Adapted fr.om Ketola (1980). 
,._ 

;~ • ,<-\ '. •. r·~ 

' ' ··~··;·( ~ ~ ~- '. ·( 

even -th~~gh i.n most. studies, methion.ine has been able·. to sati_sfy the ·.z 
require~Q'eht for bot.h~; However, when methionine is d~ficient~ or •. '' 
mjirginally prese_nt, cystine appears to. become 1 imiti ng (Ogi rio •. 1'980;_ 
Rumsey, 1981) --:,indicating a conditional need of me_thionine for the· 
synthesis of cystine.· While the .. function of cysttne could. include 
synthesis of/~auri n¢ ,'·mare ,\l(or,_k is. needed t_o d~"t;ern;li ne ·~if· a·, sp~ci;fi c 

-· ~ ' _ _. ' I ~ ., ~ ' - J . ' ·•' •J ' • 

49 

·l 
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requi'rement for ~ys''tine Jor taurine)' exists. _ Asurrmary of the _ami_no·-
requirements of salmonids'andother animals is:shown in Table 6. The-~ ' 
value~ ~re expressed as a percent of the protein in 6rder to compa~~-; 
species having' different tota 1 protein needs~ J • ' . • • .. ~ . . ! ; 

. , . ;. \ ·; -., ' ~ J . . ' r I •I • ' ~ ' i ., C 

Tab1E{'6. Comp~ratlve amino acid requirements,.·as percent of'dietary· · 
' - -. '~., ' --' ff ~ • I J ; ·,,;' ' ~ -- 't ; , r ; ' 

,, Pf9tein·. ).. ,; . ' .... , "'':-; 

- Sa lmon1d 

Amino add ·Chicken 1 Pig 2 Rat 3 · 
~ :·-

Mertz 4 Arai 5 Ogino 6 <.J ,, 

... ,· 

Arginine · 6.1 1.5 1.0 6.0 . 5.1 L 3 o 5 
J 

'-,' ·:. ' 
Hi stjd.ine 1.7 1.5 2.1 1.8 2.7 1.6 

~ 

,· 

Isoleucine·· 2.2 4.4. 4.6 2·.2 3.4 I :, '' 2.4 .· _; ~ 

··-
(.::. 

·~. ·- r :; 

Leucine 3.9 6.7 4.6 3.9 6.4 4.4 

Lysine· 5.0 6.1 4.7 5.0 '.•) 7.4 -: 5:'3 l 

Lf.o 
c.·- . ' 

Meth_ionine · 4.0 4.4 3.0 2_.9 '1, 1.8, "' ' --

Phenylalanine 5.1 7.2 3.6 5.1 3.'8 3·.1 . t .... 
,,, .. ,, . l 

Threonine 2.2 3.3 3.0 2.2 . 4~4. 3-.4 _,, 

Tryptophan ' " 0.5 1.1 0.8 0.5 1.2 
-,-· o. 5· _; ~ ; j -~ 

¥ 

Va 1 ine- 3.2 4.4 3.1 3.2 4~0 .· · 3 ~ L--J;~~ 
-- J 

. J if:) 
1 NRC, 1977; 2NRC, 1979; 3 NRC, 1978; 4 l'ilertz, 1972; 5Arai, 1981; 6 0gino, 
1980.::;;:· 

- - - J~ 

. . 
The. values. of Mertz for salmonids are almost universally used, even-· . 
though Ogino (:1980) and Arai (.1981) have reported more recent .data .. · ;) 
Altho_ugh Arai 's amino acid data are based on the carcass amir10 acid·"· ) 
pr6file of coho salmon; it is worth noting that he reported excellent­
growtb on a djet w.ith 33% protein and 10% fat which was equal to or._ .. 
better than 40 and 47% protein diets. Ogino's work (1980) is ' 
noteworthy in that some of the essential amino acid requirements 
reported are much lower than previously reported (Mertz, 1972) .. The . 
sum of_ the percentages of essential amino acids i.n the Ogino dietary 
recommendations-would correspond to a. highly digestible diet with 29% 
protein. These d.ata are important, since they illustrate the _ .,J:· _ 

importance of amino acid balance and how less protein _appears t9 .b.e ;"'·. 
necessary wh~n. the diet is well balanced. ·· :~. 

All these -animais ·require similar levels of amino acids (expre-~sed,qs, 
percent of protein), except for arginine. Fishes and .chickens _bQt~ _ 
require higher levels._of .arginine since they lack the .. metabolic 
machinery .. that produces arginine; however, the requirement fo.r: _. -,~. 
protein is ·low in the chicken but high in fish. It does no_t fol)pw ,, 
that an unusually high requirement for one or tnore amin_o. acids co_uld -­
explain .the high:prote;in• requirement of: fis.h,o . Co;; 1' 

I I' 
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The otner possible reason ·could.be t~at .the .. fish requ.ires high dietary , 
prote-in because of an ... Uri!JSl,l«;llly. high r'equ,i rement, for nitrogen. Mo~ t 
animals can adapt to 'various. levels of protein int~ke (Harper, 1965; . 
Kaplan-ifnd-Pitot~- 1970). ·when an animal is:fed'a lower than normal , '" 
level of protein, many tissue amino acid catabolic enzymes decrease; 
so that a, lower .proportion of the. amino qc:ids from the diet are lost. 7 

This-_ is· a· protective-survival mechiit11s·m that allows the animal to· /. 
conser~e _essential amjno acids.,.,., .aru:i ul tima.tely sl,lrvive in spite of_ 
lower than ryprmal protein intake. The opposite is true when an animal 
is fed.a high protein diet-- i.e., the amino acid degrading enzymes 
increase.; These .. enzyme. adaptations faci] itate._disposal of excess ~ 
nitrog~n; ~ C::oncurr.ent with th~se adaptatiQns of -~rriino acid catabolic_ · _ 
enzymes, there are, in a number of anima~s, increases in gluconeogenic .. 
enzymes and decreases in glycolytic en~ymes as diet~ry protein ; · 
increases and dietary carbohydrate decreases. Some of these changes 
occur within hours whereas others- take- several days (Szepesi and 
Freedland, .1967; Das and Waterl:~w, 197~). 

Until :recently,- few data have been reported on variation in diet and 
the effects on tissue enzyme activities "in trout. However, recent 
work at- the Tunison Laboratory and published information (Cowey et al., 
1981) allow some interesting insight. It is generally held that trout 
and salmon are ... strict carnivores ... If is also known that the trout · 
has a protein requirement for b'oth gro-wth and maintenance that is ·· 
higher than that of any other ani~al. -It could be postulated that the 
fish's' high prot'ein requirementmight be partly explained by the '· 
nature· and extent· to which its :tissue enzymes adapt to gross dietary < 
changes·; ·- - - - - - - -- -- ~ ---

·~ ' . ' ,( '~ i 

Indeed, there appears to be little difference in activities of enzymes· 
involved in amino acid degradation of rainbow trout fed diets low or 
high in protein (table]<). However, activity of the glucose degrading< 
enzyme (pyruvate kinase} and ·glucose forming enzyme· (fructose · 
diphosphatase) did-change significantly. Summarily, increased dietary · 
protein· had no effect on amino acid degrading enzymes, whereas the · 
activity of enzymes that store glucose increased and that of enzymes 
that degrade glucose decreased (Cowey, 1981) . 

. : . 
It is·unusual to find that the enzymes involved in amino acid 
degradation do not change in fish that are shifted to high protein·· ·­
diets.· (Table 8). In contrast, enzyme activity in the rat, as ih other 1 

omnivorous ·animals, increases consistently as the level of dietary· 
protein is increased above normal, and decreases as the level of . . 
dietary protein is decreased below· normal. Amino-acid-degrading· 
enzyme activity in the rat increased from 175 to 1200% after a change 
from~ a low to·:c:t high protein diet, whereas the largest increase for 
the trout -was only 25%. The cat is shown for comparison (Table 8). 
because it repres'ents a. 11 Strict carni vore 11 in the mammal ian w()rld and~ 
remarkably like the fish, cannot appreciably adjust its amino acid 
degradative enzyme activity. The abilit~ of trout to. exert metabolic· 
controT bver glucose storage and degradation contra~ts with the.ir 
inability to control amino acid degradation. In. this sense, .the. 
trout's regulatory mechanism-is similar to that of omnivorous animals 
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Table?j Effe·ct of dretary· protei'n on activi:ties 1 of some select · 
salmonid enzymes ·i.nvolved in ·amino aci.d and carbohydrate 
meta bo 1 i sm . · · 

,j ;: 

• -) ... ; 1""-, ~ • ,· • - '\ ,- ~ 

- Enzyme. . ,. ,_-.. 

G_l utami c dehydrogenase 3 

~ Arginase 3
' 

Branched c'hain aininotransfe.rase 3 

-' . 
Histidine deaminase4 

Urocanase 4 

Pyruvate kinase 4
· (glycolytic) 

Dietary protein 2 
.. 

. ~ ' 

Low High 

,· 49-

:- .33. 3 
' '''/' '' ' ' ' ' '6'. 84 

.,- •t. ;""· ' 

'3.9 
. - ' 

4·.4 

59 

3.5 

0.75 

4.9 

4.5 

Frucfose diphosphatase~ (gluconeoge~ic) 
- 404' 

l8 
265 

77 

1Activi'ties· are expressed as wnol/min/g'·protein at 8°. in Tunison data 
, and_wnoljh~/g tissue at 15° in Cowey et al .. (1~81) study. 

2 Low .a~d high protein levels were 20 and 60%, respectively, in Tunison 
Lab da_ta and 22 and 54% in Cowey et al. ( 1981) study. 

3Tuni son Lab (Rumsey, 1981). -

: 
4.Cowey et al. (1981). 

-.,t"' 
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:Table 8. Comparison of enzyme activities 1 ·in fish, cat, and rat fed 
high protein diets. 

;. 

-Ala aminotransferase 

_Gl u dehydrogenase 

Arginase 

Pyruvate kinase 

Fructose diphosphatase 
,,.,.,, 

Rat2 Fish 2 cae-
(omnivore) (car.ni vore) (carnivore) 

1,200 .. 125 80' . 

175 120 100 

360 106 109\'; 

26 66 gz 
. t if. , . 

143 428 94 
... , . ... 

1Activity expressed as a perce6fage of-activity on low:.protein·d.iets. 

.. • 

~Ra't.arid' cat activity data from- Rogers et al.· (1977) and Das and .. 
Waterlow (1974). Fish enzyme activity from Cowey et al. (1981); and 
Tunison La bora tory (Rumsey, 1981). 

-' ' ' ,, -,' 

' '' ', 

';;< -. -, 

Jr •. , ' r 



(e.g., the rat):.in theft ~lucosestorage enzymes increase·.and glucbse 
degrading enzymes decrease in response to a high protein .intake. Most 
animals (herbivores and omnivores) have the ~echanisms for control of 
blood glucose concentration in their livers (i.e., the liver plays a 
homeostatic role -- taking up.g,l~c9se by virtue of glucose 
phosphorylating enzjmes [h~xokinase] or, vice-versa, releasing glucose 
by -hydrolYzing gl.!Jcose phosphate [gl ucose-6-phosphatase] -- as th~ 
situation dictates). Cowey (1977) reported that there was little or 
no glucokinase (glucose phosphorylating) activity in trout liver ..;.~ 
providing an explanation of the inability of trout to metabolize large 

,amounts of dietary car.pohydrate. Since release of glucose from the, 
trout liver is very ·slow, Cowey (1977) p'ostulated that regulatory 
control over glucose storage i~ particularly important in trout · 
because it c·ould be operating to meet glucose demand. 

There are other convincing illustrations) of a lack of fine control of 
amino acid metabolism in fish (Table 9) (Co,wey and Sargent, 1980). 

Table 9. Effeet qf.dietary prote1n level on amino acid oxidation in 
the fi sh 1

. and rat2
• · . 

1 j .. : . .. - ~ 

·. 
I 

Amino acid 3 and· protein level 

Leucine Low 

Phenyla 1 ani n.e· 

High 

Low:, 
High 

Glutamic acid .Low 
.Hi.gh·: 

Alanine 
' ~ i 

1 Co.wey and 

·Low · 
H.igh ,, . ·. 

Sargent:, ~980 . 

. 2 M~F~rlane and Hol.t, 1969. 

':,,I y_ 

-- ,_ 
.J 

Oxidation~ 
(percent AA oxidized) 
Fish Rat 

24 10 
29' 50 

24 - 0 
20 10 

56 35 
59 40 

57 ... ) ·:.;.88 
49 7f3 

'l- !1 

•-" '·I ~ ~ •: 

. C\ ' • .. ,_·,; ·, '.::: •.• 1· 
3 Leucine and phenylalanine are essential; glutamic acid and alanine 
·are non-.ess~ntial ~amino.· acids. .,.; 

~Production :of 1.~co2: ·in ex pi red air after feeding I·~c-1 abe.l ed .. aminh 
·aci.ds. _ . · 

i' 
' ; 

Appreciable quantities of the essential amino·acids leucine and 
phenylalanine were oxidized irrespective of dietary protein level. 
This oxidation contrasts with the reduction in pheynylalanine and 
leucine oxidation in the rat when dietary protein intake was reduced. 
These same investigators (data not shown) found no change in rate of 
incorporation of amino acids into fish tissue proteins in response to 
dietary protein levels. 



r· -~;~ ~ , .• ~.~/"(_, .. --; ~ . . __ . ., •' 1. '\· J ·" ~ 

, "J'Eveh thot.i'gh the;:s,ti.ldies ··to< date· are not exhaustive· i nJ scop~, _and 
comparison of enzyme maximum velocities (Vmax's) at different 

~(temperatures, _pH''s·; and· between··s~peci.es i.s somewhat risky,; the·.~ .~A 
,,-_ · ·.salmonid does ·appear to have.highly active :amino acid .degrading 

enzymes. These h·i:gh .a.ctivities :of .amino! acid. cataboT;ic;.-en·zymes 
indicate that the fish is 11 geared 11 to handle a substantial quantity 
of:;dieta'ry' protefn'-and does hot diange its ex-istihg.levels.of:-enzjme 
activity to meet: :Changing dietary demands~.' Ihese .results ~lso 
suggest that the fish does not have the capabiJity~o conserve amino 

·.acidsor_nitr.ogen. ·· .;· . .:·.-~ ·-''~- · J ~>~.::~~ 
--~ ~ _____ :~~:q )'- - ~ ,, ·' .•) 1~ .... ;..~- 'i~"·~-.: 

Summari_ly, it seems that the reason the fish has.an unusually high· 
protej'n :r-.equirement is: that the amirio; actd ior·~n·rtr.ogen: catabolic,. 
enzymes. are' permanently set to .handle a·htgti~lp.iotei:n~;aiet ... ·The fish 
does not have significant ability to adjust these nitrogen catabolic 
enzyme: activ.ities -- resulting in a. high ob:Uga,tory:'nitrogerhlo'ss;_:· 

.:)when f5s_h are··fed a low protein diet.:.·The:ohly real'op.tion is to eat 
a high protein diet. The data also show that the 11 functional fate 11 

.·p.fJ the: obligatory degraded amino acids is. towar.d glyco:gen' synth'esi'S 
which m~kes sense.when bne consi.d~rs· that: the ijfef.of,th~ cafhivore 
contains little carbohydrate, and glucose would have to be produced 

•. by ~.glycogen·.synthesis' to''meet. the requiremehtmf" theJ animal'.··-,·/ r _,: 
~ 'r·. -- .~ .. ; ·,Ln- _; · ·J ,.,:j~L- ·· 
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Since the 1930's and 1940's when the dietary requirement of vita.,.. 
min A for cattle was first· established, many changes have· occurred 
in ruminarit«_feeding practices.· - Sotne -of thes·e changes have affected 
vitamin A ~~ilization · and-'may also affec·t the requirement- for health, 
growth, pr·odu~tion and reproduction. · Ca:ttle do ·not synthesize vita­
min A in the body ,and, thus require· supplementation of this vitamin. 

~ : - ' 

Many factors, however, influence vitamin A nutrition in cattle under 
practical field conditions. Rumen functions, including rumen· s-yn­
thesis of various B-vitamins, depend on_ the ratio consumed. Additio­
nal factors that influence vitamin nutrition in cattle include: 

Diseases and other conditions--that impair rumen 
•''· function. 

Bioavailability and stability of vitamins. 

Least::..cost feed formulations may result in reduction 
·or exclusion of various vitamin-rich feedstuffs. 

Quality of forage and grain. 

REQUIREMENTS:'. . 

In the early· 1940's, the vitamin A req~irement of cattle was deter­
mined based on vitamin A activity from beta-carotene.l Test results 
have shown that carotene is not efficiently converted to vitamin A 
ac_ti vi ty in cattle. 2 An optimum vitamin A use rate of 2, 000 I. U. 
per 100 pounds of body weight was suggested for beef cattle. The vita­
min A requirement of breeding, growing, and finishing beef-cattle can 
be met by (1) provitamin A (carotene) in feedstuffs, or (2)' by supple­
mentary vitamin A either by in,ttamuscular injection or orally, or 
·(3) by combinations of (1) and:;(2). 

. . ' -The minimum vitamiri A requirement for normal growth may be lower than 
those required' for higher ra·tes of gain, res:lstance to various diseases, 
and normal bone development and nervous system function i!l cattle.3 
It was suggested that: (a) ~alves born with low· vitamin A liver', stores 
should receive a minimum of 7,500 I.U. of vitamin A per 100 lbs. of 
body weight and (b) 3 to 5 times this level--22,500 to 37,500 I.U. 
per 100 lbs. of body weight--may be necessary for adequate vitamin A 
liver stores in calves during the critical first few months of life. 



Test results showed that-the vitamin A requirement of calves 
was increased by as much as sevenfold, depending on the cri­
teria used to determine it.4 The vitamin A requirement values 
(I.U. per 100 lbs.· of. body' weight) wer~ 1,20d for adequate 
weight gains, 2,400 for incre~se_d weight gains and 8,000 for 
optimum weight gains and ~itamin A liver stores. 

_, • ~ ·,-, .: • - J 

. ·In a :168-day experiment, moderate to· extremely high-vitamin, 
.:... A levels were fed to fattening cattle; -40,000 I. U .. per head -

daily was· neeqed to. ~atntain. initial vitamin A liver stores .s , 
Cattle .fed 2._5 ~illion· I.::U. of, vitamin A per head daiJ_y, whi~h .. \ 
totall_ed 420 million I. U..- per head -for ).68 d~ys, showed no evi-" 
dence of vitamin A toxicity. 

1_, .l 

CAROTENES, 

Before coroker~ially-synthes;ized,: -st_abilized vitami!l A was avail­
able for animal feed use, cattle were dependent on various caro­
tenes in, fe·edstuffs: as sources of vit~in A activity. 

~ . . ti" 

Carotenes o~cur na,tu~ally in green _and dry roughages~. silages, 
and, to a lesser extent, in some grains including corn. Various 
carotenes are pre·c-ql;'~ors of vi t~in A, _i.e. , they_ -h:ave provitamin 
A activity. They are converted to vitamin A actiyity primarily 
in the intestinal wall of animals.

6 
~11-trans beta-carotene is 

the most biol~>gically act_ive fo1:]11. (Tab~e 1) . _ _;:w 

Beta-carotene is converted to yitamin A activit:y in ra,ts at the 
rate of 1,667 I.U. of vitamin A activity per mg of beta-carotene 
(the reference standard). In cattle, however, the conversion 
rate is 400 I.U. of vitamin A activity per mg of beta-carotene 
when fed at low to moderate levels. As the beta-carotene level 
fed increases, conversion to vitamin A activity decreases. 

Studies have shown that carotene levels from feedstuffs in~ the 
. ·diet often did not meet the vitamin A requirements of cattle .. 8,:-12 

Carotene levels vary widely within a given class of feedstuff .. ,. 
depending upon stage of growth at harvest, c~ring, preservation 
and st·orage conditions, and length of storage time .. ~3,14 , ---~ 
(Table 2) .. ·. r 

In a study, the average carotene tevel in samples· o:f light-weight 
corn, as determined by assay, was 26.3% lower than that in sound 
corn. 15 · (Table 3). Moldy corn samples were e3:~so assay-ed and . , 

· j:mmd to average 98_.}% l~ss carotene, than, normal corn, 
\ ' . ' 

..... Several factors have been identifi.e9. as affect;[ng_ yitamin A 
nutrit:_ion 9f the r'lJ!Ilinant. · ··'-· 

. i- ' J > 'l 1 

•• J 
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Test resull~ suggest that dietary protein levels may ~ffec£ 
the vitamin A needs of ruminants. Vitamin A and prote:tri .. 
pl_asma .levels il)., sheep .. t:e~ inadequate protein~.w~q:·e _low~r t.han .. " 
i~-,~he'ep r~C;~~~~dg _,~~:q~ate (1.0. 4%) prot..~~~~l? >,{'"~ _ )j·_ . · :: ~::: 

r· , 'f•. >(~ , , 

NITRATE OR t.hT-RITE . <. ' . - ' ' - I ~ ' .. 

·,. r , . .'·" ") j" ; _ ,~ .. ·f.: ,_ ~ '1 ~ ~ • ' 

-' ' 

'>" ,_ .. J 

. .., ""•" ., >······ -·· -,, .(",."\.7 
Moderately high_nitrate or nitrite intake ca:h'"'a:dversely affect' 
conversion 'of carotene to vitamin A -B;c,tivity_,in. :r;uminan,ts, and- ,; 
very high i,ntake can also produce· nitrite toxicity--in these - -· 
ariimals. ,Cattle can_consume nitrate or nitrite-from various 

' 1 -..., ... 1''.- ..-1.-· . . ''l'·_) r• I"'~_.- ·' ',' •I ; ·-~~~ 

for -:~~s/ c;..~~d' >g~a.~~s a~c;l V?a ter. . · _ : < J. • • ·.; /.:;: ·;_ ~~- : · · · :- : n .. 
~ ' - . - " ~ } ~ "' -. = ~- .-=., • ' .,...., ' ~. • ' 

A review of the effect of nitrates ori ariimal'metabolisni reported 
that conversi.qn. of carotene to vitru.nin A,act;:~v:~tY: in ruminants ., 
'c'an. be inf~~enc'ed by· the level o'f nitrate. br ~ni'trite iritak~ '··pH '. 
of the ~unieri.; ratio. of nitrate ,or nitrite' Tev_~l to beta-c_arcitene_ 
or vitamin A 1evet ·~nd possibly the energx~-.~·ey~r-·<?.~: t~~~ ;_~at;~o~_ 1?·7 
In a·study, cattle receiving 
5 mg of ~arotene. per lb. and 
per head.pe~. daily-developed 

PHOSPHORUS 

.' ·J ,. . -

- . 
' 

high-nitrate .corn silage containing. 
providing about 100 m~ of ca-rotene~; 
vitamin A defic;iency:,.l.8 , . 

J .J _.; ..... # .. ··- ,--

f • ;.\ • .., ..... 

' . 
-, ... . -' ~ 1 • '. ~ ' ll 2 _: -- ; : 

. ~~ .. ~ -~o., (""" { ,,,..,, ... , " '• ,., ,,-, !!; 
E'vidence suggests that phosphorus defic'iency ·can 'reduce convers ~on 
of:. caro,t_ene to vitamin A .;1ctivity in cattle., . 

. ~ J._).f'; I , • ...,, 
1 

~. ~ 1~. •_; -,.- l~ ~ 
• - " ... -~-- 'f"\ '· _ .. -.:--..._ .. ; ~·~ '~- .... ~ ... 

· In. a study: w~th steers and sheep fed Iow:~or:'ehi.gh .. p~b'spJ:toru's );at'ions 
_supplemented with carotene, plasma carot:;ene'·levels~ were: ,high,e'r" · . 
in ·phosphorus.:..deficient steers than in .. th.e c.oqtr,olsi:·'· Plasnta .and·. 
liver· vi t·amin' A: levels were lower in phos phQr~s~~~deJicien t steers· 
than in the controls. In sheep' the\ opposi_t'e ,eff,ect OCCl,lrre,'d1 

•. ) 

Plasma and ltver vitam_in A levels were 'high'e! -::t,n. :~he: phosph'oru~f-= 
deficient lambs· than in the controls. Plasma and' li'ver carotene" 
levels were negligible in the lambs.· -T'nis suggei.ts 'a differe'rice 
between cattle and sheep in response to vitamin./\. ... during phos.phorus 
deficiency.l9 -' ·· .... -' ' .... · ·· · 

, In another s tudl;: s_heep arid rats fed carose:p.e or'<vi~;aini!i~'.A had' 
7 

'greater liyer vitamin A stores when fed low ·ph()spqorus. ·r~Jiqps, -~han 
when fed _high ph_osphorus ratio:r'lp .29 · ~- .. ~-~,- ~- ',:~:- ·- :~:':) . __ ,_. ·- · - J 

HIGH ENERGY RATIONS 
"' 

Feeding either high energy or high roughage ratio~s with low caro-
tene content did not affect weight gain or cattle: in a 180-day 
experiment. However, at the end of the experiment, vitamin A plasma 
levels of cattle fed the high energy ration were lower than those 
receiving the high roughage rations.21 

I 
I 
I. 
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Increasing the dietary"energy_or protein content increased rat~.-~ 
of depletion of vitamin A from the liver.-

•<.\ 

HEAT STRESS ··: -· 
" ·~t . .~ './ 'l 

Test results ·sbd:Wed :t~~t'- cattl~"~x-pdsed .. tq 'envi~onmental· tempera­
tures of llQOF lost 'three t:i?'mes_~·as much vitamin A from the liver 
as those at 750F to 890F.22 In addition, cattle without shade 
lost 2~ times as much of their vitamin A liver stores as those 
with shade at ,the sqme·temperature . 

.,., J . • ''1 ,; '· • • ........ .' c: f) c ' 

INFECTIOUS: DISEASE 'AND' iNTERNALt;~ARAsiTES ~ .. · 

Some· ev:tderice fndicates· tr{a't iri~dequ~te vitamin A intake may lead 
to ~ncreased incidence of various infectious diseases as well as 
certain. inte~al "para~Jttc infect~,9~S. in rumin~nts. _._ 

In a stuQ.y, h{gh.~calf mort~li.ty ,duE7 ·mostly to scours and pneumonia 
was attributed t,o inadequate·· vit&min A. intake. 23. Other test. re-· 
sult's shdw~d that ~upplemental vitamin A reduced the inciden~e 
and severity of _lungworm1 infection·in sheep.24 · 

. ·- ~ - "· .... \ 

REPRODUCTION 
. -~ .;j 

' '[ -. c . ) 
' . ,, . 

Adequate vitcimi:n: i .. is e·s·s·enti'al for reproduction in cattle. Early 
signs of vi~amin A deficiency in pregnant cows include shortened 
gestation periods, high incidence of retained placentas, and 
birth of dead, incoordinated or blind calves.7 . 

) { • r • • ~~- ' _ ~· 

Adequate vitamin A is n·e'cessary for "fertility in cows25 ,26 ,27' and 
bulls.28 Increased semen volume and sperm count and reduced inci-
dence of abnormal sperm' occurred in breeding bulls receiving . 
supplemental vi.tamin A' added to rations containing normal amount-s 
of carotene.28 (Tables 4' an.p.· 5). Recent studies suggest that beta­
carotene.inf~u~?ces :e-prod~~tive performance in c<?ws independent 
of the v~tam1n A act~v~ty. (Table 6). The poss~ble role of beta-
carotene in i,mproving fertility in dairy cows is reviewed in' .a. 
r.ecent.,report on this subject. 30 

' • • -' I < ~ -' II ' 

ViTAMIN A ALLOWANCES -~ ; 

- j 

The intake. of v_itamin .. A will yyary depending on stage. of growth, 
production and reproduc'tion. · The quality of feedstuffs often will 
detetniin:e th~ need· fbr supplementation unde~ various management 
conditions.· Guidelines for vitamin A in cattle is presented in 
Table 7. 

. ;,· 
. - ' 

. -
-" ;_,· 

' . ,_, 

- ) 

., -·. 



,. 

" 

,,. ' 

Table 1. Re'lative Provitamin ,A activity_ of·various Carotenes 

Carotene 

All-trans beta-carotene 
Neo beta-carotene B 

'' 

Neo beta-carotene 
All-t~ans alpha carotene ~ 
Neo alpha carotene B . 
All-trans gamma carotene 
Neo gamma carotene P 
All-trans cryptoxanthin 
Nee-cryptoxanthin 

'\ ~·· 

Provitamin A 
Activity (~~) 

100 
53 
38 
53 
16 

28-45 
19 
57 
42 

; I , ~. 

Table 2. -Carotene Content of Feedstuffs 

Feedstuffs 
A.. Grains: 

Corn 
Corn Dent 412 · 
Corn Gluten Meal 
Sorghum (Milo) 

B. Dry Roughages: 
Alfalfa Hay 
Alfalfa Hay, Suncured 
Alfalfa Dehy. 17% 
Brome Hay 
Clover Hay 
Alfalfa-Timothy Hay 
Alfalfa-Brome Hay 
Grass-Legume 

c. Green Roughages: 
Alfalfa 
Blue Stem. 
Brome 
Clover 
Fescue 
Timothy 
Wheat 

D. Silages: 
··Alfalfa~-·­
Brome . . ,. 
Clover 
Corn 
Corn Dent 
Sorghum 
Alfalfa-Brome 

.-

* Rang~ not published. 

(S.C.) 

Carotene (mg/lb.) 
Average Range 

1.5 
0.9 

15.0 
0.2 

27.7 
17.2 
70.0 
16.7 
30.7 
6.0 
8.9 

12.5 

90.2 
53.7 

141.0 
128.6 
153.1 
101.6 
184. 7 

-40.7 
'32. 3 

' __ :'49 .8 
7.1 

23.6 
15.3 

6.2 

0.1-6.0 
': * 

* 
* 

0-321.2 
1.1- 65.0 

0-288.4 
1.0- 84.0 
0.5-149.1 
1. 5- 16.7 
4.8- 16.0 
0.5-127.3 

33.1-177.5 
0.3-173.7 

30 -264.4 
34.5-253.1 
36.3-285.8 
34.0-215.0 
81. 5-433. 2'' 

0.2-133.3 
12.2- 47.6 
14.5-213.2 

3.6.,.. 10.6 
2.1- 2S._q 
0. 3- 65.1 ' 
5.1- :7.3 



Table 3. Carot.ene Deficits in Moldy and Light-Weight Corn 
' : -~ , ' : · :cOinpa:rel t.c{ ~s:ouri.d , Corn·~ - -: - 0 -- :- • 

, , '.t- •: I- ~~ 
.• "r 

~-J .:..:- Average Carotene Content 

Corn Samples 

Sound 
Moldy 
Light-~veight* 

mg/lb. 

1.9 
0.04_5 -~·-
1.4 .;· 

% Below 
Sound Corn 

98.7 
26.3 

* Be low U. S. No. 2 · s.tandard for test weight. 

Table 4; Influence of Vitamin A Supplementation on Semen 
Production _ · ---~- ~--·-~ 

Semen 
Characteristics 

: ,.,,-· 

Volume (ml) 
Sperm Concentration (106) 
Methylene Blue Reduction 

Time, Minute 
Abnormal Sperm, % 

~ J" 
·-; 

'Control 

5.4 
963 

--· 4. 8-
11.8 

--45,000 I. U. Vitamin A/· 
Head/Day 

5.9 
1010 

-4.5 
.9.7 

Table 5. Influence of Vitamin A on Conception Rate 

; . Control Group 
No. % \ -· 

Age Group Animals Pregnant. 

Mature Cows 582 
First Calf Heifer 129 
Replacement Heifers _107 

*.2 M.U., IM Injection 

70.1 
74.9 
64.5 

Vitamin A* 
Treated Group 

No. % 
Animals Pregnant 

1,097 
241 
261 

84.5 
83.0 
79.3 

Table 6. Effect· o·f Supplemental Beta-Carotene on Conception Rate _ 
and Services per Conception in Dairy Cows Fed Adequa~e .. ' · 

• 
0 

- ··-o Vitamin A 

Per Cow 
Average Conception 
Rate from: 

First s·ervice. 
Second service 

Vitamin A 
220 IU/kg B.W. 

40% 
15% 

Average No.of Services/ 
conception 2. o± 0. 91 

Beta-Carotene 
plus Vitamin A 
0.3 mg plus 
100 I. U. /kg B. W. 

68.4% 
21.1% 

l. 42 ± 0. 69 

•- Improvement from 
Beta-Carotene 
Plus Vitamin A vs. 
Vitamin A-Alone 

I 

' ' 
·28. 4.% diff. 
-6.1% diff. 

29% reduction 

J -



,. 
Ta~le·' oz.~ Gu:Ld~line·s-, for. Vitamin A ATI_owance for Beef and Dairy 

'ca·t:tle (TU/Head/Day) 

Dairy Cattle 
I ,",, ' , ·• • "" .· •. 

··- Cal·£ s tatter ·'·. · 
} . . '. 
Lactating Cows and 

Breeding Bulls 

Dry Cows' 

Growing Heifer 
··and Bulls 

Beef Cattle 

.. -.1 ~ 

1 • NRC i>~. ~_.;Field ·sunie'y . 
_.

1 
1978 Levels ·(Total) 

3, 200-20 ,·800· '. 

60,3202 30,000-100,000 
48 ooo3-

' 
30, ooo ... ·SO, 000 

20,6504 5,000- 60,000 '. 
: '. -· 

NRC Field Survey 
1976 Levels (Total) 

Roche.:. 
(Supplemental) 

'• ,, ! 

80,000-100,000 
60,000- 80,000 

. J~. 

25,000- 35,000 
) ' 

Roche 
(Supplemental) 

{..,: ·~ .' ~. u 

Growing and _.Finishing_ 
) Steers and Heifers T7, 9625 24, 000~ 107,000 

. . 
40,000-60,000 

Dry Cows·and Preg. 
Heifers · 25,4006 30,000-75,000 40,000-60,000 

Lactating Cows and 
Breeding Bulls 46,0007 38,000-250,000 50,000-70,000 

1 Based on calf weighing 165 lbs. consuming 4. 4 lbs .. ·'of cbncen­
trate.daily. 

2 Based on 1430 ... lb.,· ~ow producing 55, lbs. 4% fat corrected _,milk' 
·daily with dry matter intake of 2.9% of B.W. . ·. 1 

. 

3 Based on maintenance and last 2 months of gestation of 1400 
lb. cow. 

" 
4 Based on 880 lb. heifer_g~ining 1.5 lb of body-weight daily. 

':" ~ < ' '' _~;; : ....... ~ ·~ • 

5 Based on 700 lbs. B.W. and.daily feed consumption of 18 lbs. 
·- ' - 2, ,-j' '] ",( -·. ... 

6 Based on llOO ibs. :B :W. and:· daily feed co~sumJ;>tiori of: 20 lbs .. 
. • ' .. ! \ ' •.• ) . 'i - . 

7 Based on bulls weighing _1400 lbs and lactatin~(cow weighing 
1100-' lbs. each con·sumj.ng 26 lbs. of feed .daily. . . . ~ 

) - ; .. 

' .. ' ~- "" .. L 

'l-
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INTRODUCTION 

B.VITAMINS FOR RUMINANTS 
Erle E. Bartley and -Ben E. Brent 

Department of Animal Sciences and Industry 
Kansas State' University 

-> 

In 1913 only a fat soluble and a water. soluble vitamin had been 
discovered. ·E.V. McCollum who was born on a Kansas farm and received his 

, -early ed~cat~on at the University of Kansas proposed the name fat soluble A 
· ·and water soluble B for these two vitamins. We now know that there are. 

several B vitamins. These are almost colle_ctively concerned with the 
transfer of energy in the body. Niacin is a· component of coenzymes (NAD, 
NADP) which are involved in energy transfer. Thus, niacin aid~ in energy 
rele~se from carbohydrates, fats and proteins. Riboflavin is ~lso 

-essential to the metabolism of carbohydrates, fats and proteins and is a 
part of two flavoprotein coenzymes (FAD, FMN). Thiamin' is a. component of 
two enzymes (TPP, ThPP) and is involved in cellular· decarboxylations. 
Pantothenic acid is a part of coenzyme A and is concerned with the 
metabolism of acetate. Pyridoxine functions as a coenzyme, for many enzyme 
systems involved in amino acid metabolism. Folic acid and vitamin B12 
function in the metabolism of single carbon u'nits and aid in the synthesis 

~ of RNA and DNA. Biotin functions as a coenzyme for carbon dioxide, and 
plays.a key role in gluconeogenesis, in the oxidation of fatty acids, and 
is ~equired for the synthesis of dicarboxylic'acid. 

B VITAM IN ,REQUIREMENTS OF RUMINANTS 

It is well known that the microorganisms in the rumen synthesize B 
vitamins (Hungate, 1966). Virtanen (1963) and Oltjen (1969) successfully 
raised ruminants on purified diets free of B' vitam_ins. For years we have 
been instructing our students that rumen microorganisms sythensize B 
vitamins in quantities adequate to meet the animal •s requirements and that 
B vitamin deficiencies do not occur in ruminants like they do in · 
nonruminants. However, recent research with some B vitamins suggests that 

.we reassess the idea that the rumen microorganisms can synthesize enough B 
vitamins to meet the host animal •s requirements. Presently ruminant 
nutrition research is focusing on niacin and thiamin. This ~aper will 
examine the recent research dealing with these two vitamins. Th~re is not 
enough iesearch to suggest that adult ruminants require·dietary supplements 
of the other members of the vitamln' B-comp 1 ex~ i 

. ' 

NIACIN 

It is well known that rumen microorganisms can synthe'size niacin 
(Hungate, 1966). Niacin synthesis by rumen microbes ·has been "considered to 
be.adeq~ate for optimum animal-performance (National Research Council, 
1978). However, recent ev.idence suggests that this may not be true for 
. . ' 
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animals stressed for high~production. 

NIACIN FOR LAMBS. Shields and Perry (1981) added 100 ppm niacin to the 
diet of lambs receiving either soybean meal (SBM) or urea as nitrogen 
supplements. During the growing P.hase _niacin improved rate of gain, feed 
efficiency and nitrogen retent.jon"with' both SBM and urea diets. During the 
finishing phas~ niacin increased rate of gain only with the SBM diet. 
However, niacin increased feed efficiency and nitrogen retention with both 
the SBM and urea diets. ' · 

In a second study with ram lambs, Shields~ Perry and Schaefer (1981) 
observed that the addition of 100 ppm niacin appeared to be beneficial in 
adapting the lambs to a .urea diet. Mizwicki et a.l. (1975) observed that- 500 
ppm o( supplemental, niacin improved feed efficiency of lambs fed a 
high~concentrate diet containing urea. 

NIAPN FOR BEEF. CATTLE. Byers (1980) recently summarized the niacin 
research with beef cattle. A summary of 14 studies indicated that niacin 
supplementation of .. beef cattle was beneficial during the period of 
acclimation to feedlot diets (first 21 to 38 days). Growth rate and feed 
efficie~cy were improved in most trials with response to gain and feed 
efficiency to 50-250 ppm niacin averaging 9.7 and 10.9%, respectively. 
Supplementing 500 ppm niacin was. too high a dose and produced negative 
effects 011, gain and feed efficiency. In two studies where plant protein· or 
urea were. compared, gains and .efficiency were better with plant protein 
plus niacin than with urea plus niacin. However, in several other studies 
where urea was the only source of supplemental nitrogen responses to niacin 
were good. · 

Byers (1980) summarized the overall response to niacin in feedlot 
cattle. In 22 studies, primarily with yearling cattle, and with feeding 
periods of 73 to 176 days in both university research facilities and 
commercial feedlots, the 50 ppm level of niacin was ineffective and the 500 
ppm level appeared excessive. Overall, the 100 ppm was the most effective 
level and enhanced daily gain and feed efficiency by 3.6 and 3.7%, 
respectively. 

NIACIN FOR DAIRY CATTLE. Piva et al. (1976) observed an intrease in 
milk production when cows were fed urea-containing diets supplemented with 
265 ppm niacin. Kung et al. (1980) used lactating Holsteins in early or· 
midlactation. The effect of niacin was tested in these cows fed ~ither SBM 
or nonprotein nitrogen from ammonia treated corn silage. Niacin response 
was greater in the early-lactation cows fed rations containing all natural 
protein. · 

In one of two lactation studies (Riddell et al., 1981) with cows in 
midlactation fed urea-containing diets, we observed a slight increase in 
milk ~roduction attributable to niacin (6 g per cow per day). In the other 
study a slight improveme11t in milk protein production was attributable to 
niacin~ In~ third. study, but with fresh cows, milk production increased 
signific~ntly (2.9 kg milk per cow per day) in cows receiving niacin (ca. 
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200.ppm of· diet or-5 g niacin per cow per. day) and SBM, but not.in those 
,receiving,niaci.n and ure9,(table 1). In a fourth study with fresh cows fed 

SBM,. cows ·receiving, ni g.c in ( 5 . g per cow per .day.) gave s·l i ght l y more milk 
than.thos~ recetving none. ~ · _ 

_ ;'I~ is clear that the response to ·niacin ·is~-greater i_n freshcows than 
in th9se in midlactation and is greater in cows-f~d natur~l protein than in 
those fed urea. · 

NIAtiN ANb KETOSIS. It is possible that the respons~ to niacin.is 
greater with fresh cows than with those in midlactation becaus~ nia~in may 
play a role in ketosis. Fronk and Shultz (1979), .who gave 12 g niacin to 
cows ·with subclinical or clinical ketosis, obse~yed ~ignificant increases 
in blood glucos~, and milk production and significa~t decreases in 
betahy,droxyb~tyric acid and free fatty acids (table 2). While Fr9nk ~nd 
Shultz (1979) attempted to treat ketosis with niacin we (G. S .. ·oufva and E. 
E. Bartley~ unpublished) attempted to prevent ketosis. Tq induce· ketosis, 
energy intake of 20 cows that had just cal~ed was reduced ~~low_ ~ ,· 
requirement .. Ten cows were given 12 g niacin per cow per day,.c:md .10 served 
as controls. The cows receiving niacin had sli~htly highe~ bloo~ ~lucose 

,, concentrations, higher milk production, lower betahydroxy~utyric acid 
concentrations, and lower concentrations of .nonesterfi~d fattj'acid~ (table 
3). There were two cases of clinical ketosis in the controls and none in 
those receiving niacin. Additional studies are in progress to determine if 
the increase in milk production due to niacin supplementation of fresh cows 
is due to an effect on ketosis. 

. . . 

EFFECT OF NIACIN ON THE RUMEN FERMENTATION. Recent studies have 
demonstrated that niacin supplementation of. cattle diets affects the rurren 

.. fermentation. Mizwicki (1976), Bartley et al., (1979) and Riddell et .al., 
(1980, 1981) showed increased microbial protein synthesis.1n vitro from the 
addition of niacin to the substrates. · · · ' · 

We,(Riddell et al ., 1980 and Arambel et al. 1982), observed that the 
feeding of niacin to rurren fistulated cattle incr,eased bact,erial protein 
production in the rurren and increased the percentage of rurren propionate. 

I 

In a later study, we (Riddell et al ., 1981) ob~er~ed that microbial 
protein synthesis in ~itro was greater with niacin and SSM as a substrate 
than with niacin .and urea plus ground corn as a substrate (table.4)~ 
Because niacin is involved intimately in energy metaboli~l)l. it was expe_cted 
that the.response to niacin would be greater with urea than with SSM. 
Niacin can be synthesized fro~~tryptophan by bacteria (Gie~ecke and · 

· Hendrickx,. 1973). Because rurren.ciliate protozoa differ from bacteria in 
that they cannot synthesize ·niacin (Hungate, 1966; ,Jones, 1974; Kidder,. 
1967) ·and,,therefore,.must-obt,ain their niacin from bacteria- or feed, we 
conjectured.that heat treating SBM as occurs.in .commerc1al processing might 
reduce the availability of either niacin or tryptophan for bacteria, thus 
reducing the supply of niac'in to protozoa. To test that, we compared the 
effect. of heated (convention a 1 process) . or unheated SBM,- with or without 
niacin, on protozoal,numbers (Dennis et al., 1982).R~,Jrren'proto.zoal numbers 
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increased when niac1~ was added·to diets containing heated SBM but not ~hen 
they contained unheated SBM (table 5). In a companion study, Arambel· et al. 
(1982) observea that rumen bacteria 1 nitrogen synthesis was higher in · 
cattle fed unheated SBM (738 mg bacteri{ll-N g total N) com·pared'with cattle 
fed _heated SBM (554 mg/g totaJ N):- Nfacin supplementation of cattle fed 
heated· SBM increased· bacterf'al N-'synthesis 10.9%. Microbial effici.ency of 
duodenal· samples was improved in cattle fed heated SBM and niacin (22.2 
versus 16.6 g bacterial-N per kg dry matter). Thus, niacin appears to be a 
limiting nutrient for rumen microorganisms when cattle are fed diets 
containing heated (conventional processed) SBM. 

' . ' 

SYNTHESIS AND DEGRADATION OF NIACIN IN THE RUMEN. While it is well· 
known that rurren bacteria can synthesize niacin (Hungate, 1966), there is a 
paucity of informat_ion perta"ining to what extent supplementary dietary 
niacin interferes with ruminal synthesis of niacin and to what extent. 
dietary-niacin is degraded in the rumen. We (Riddell et al., 1982) studied 

·these effects in vitro •. Niacin synthesis was greatest with no niacin· 
supplementat-ion.· Small quantities of supplemental niacin (.5 ppm) 
decrease.d n)acin synthesis, and large-qu·antities (2-8 ppm) of supplemental 
niacin were degraded during fermentation. Byers (1981) postulated that 
there is .an 'optimum concentration.of niacin in-the rumen for bacteria below 
which synthesis will occur and above which-·no net synthesis occurs. Excess 
niacirr ~~y·be degraded for other purposes. Our results support the 
hypo~hesis of Byers. 

Supplementing diets fed to duodenal cannualted cattle with 2g niacin 
per feeding (30 ppm) resulted in higher niacin concentrations in both 
ruminal and duodenal digesta. The ·flow of riiacin to the small intestine and 
absorption of niacin from tHe small intestine increased with niacin 
supplementation. Niacin supplementation resulted in a slight increase in 
niacin excreted in the feces. 

Thus, while supplemental niacin may affect ruminal synthesis of niacin 
and some may be degraded in the rumen, there is a considerable quantity of 
supplementary niacin that reaches the duodenum and is absorbed. 

Levitas et al. (1947) indicated that niacin in blood is found almost 
entirely in erythrocytes and exists in these cells as the nicotinamide part 
of the pyridine nucleotides. We (Riddell et al., 1982) found that the· 
niacin concentration of erythrocytes in cows not supplemented with niactn 
dropped after calving (table 6). However, this drop did not occur after 
calving in ~ows supplemented with niacin (12 g per cow per. day). 

DISCUSSION. Supplementing ruminant diets with niacin appears to· have a 
beneficial effect on production. The beneficial effect of niacinmay be 
ruminal, systemic or a combination of both. It is evident· that microbial 
protein synthesis is enhanced in the rumen by the addition of niacin to the 
diet. · 

Niacin suppl~mentation appears to be especially beneficial to stressed 
animals ~beef cattle being adapted to high grain diets a~d lactating cows 

69 



. ' 

- ? 

.. ,. .1; 

who have just calved.· It i.s well known that high producing cows if not 
manifesting clinical keto~is are often. on t_he border of being ketotic. 
Supplementing fresh cows with niacin (12 g per cow per day) reduces the 
incidence of ketosis. Kronfeld·and,Raggi (1964) reported a· reduction in 
pyri'dine. nucleotides in mammary,tissue of ketoJ,ic cows. In our studies 
(Riddell· et al., 1982) supplementary niacin was absorbed and prevented the 
drop in niacin concentration of erythrocytes in fresh cows. Handler and 
Kohn (1943) reported a rapid absorption of·n~icin from the small intestine 
of humans and an increased pyridine nucleotide concentration of blood after 

-~ontinuous dosing with niacin. Also, adding niacin to the ~iet of. rats 
increased blood pyridine nucleotide concentration (Morrison et al., 1963). 
The increased milk production in early la~tation observed with niacin 
supplementation could be due to niacin providing an adeq!Jate supply of 
pyridine nucleotides for tissue metabolism .• 

r : 

Recommended levels of supplementary niacin for ruminant diets are 100 
ppm for feedlot cattle and 200 ppm for fresh ~airy cows. Approximately 400 
ppm of supplementary niacin in the diet may b_e r_equired to prevent k~tqsis 
in high producing cows. 

THIAMIN 

The interest in thiamin has centered around the central nervous system 
condition, polioencephalomalacia (PEM)(Cerebrocortical necrosis, or CCN ~n 
Great Britain). PEM is often characterized-. by circling, head pressing, 
opisthotonus (in which the head is drawn back over the neck), blindness,. 
convulsions, and death if the animal is not treated rapidly. Early workers 
found that there was a dramatic improvement in the condition if animals. 
were given a mixture of B-complex vitamins. Later, the condition was found 
to respond to thiamin specifically. But if th~ feed contained thiamin, and 
if the rumen synthesized even more, how could the victims possibly be 
thiamin deficient? The apparent answer was arrived at by Edwin et al. 
(1968) who· proposed the involvement of a thiaminase enzyme. Two types of 
thiaminase are described. Thiaminase II simply cleaves the vitamin at the 
methylene bridge between the thiazole and the pyrimidine rings, yielding 
free thiazole~ free pyrimidine, and of course, less thiamin. Thiaminase I 
substitutes a new base for. the thiazole ring. This,: leads to less thiamin, 
-but· it .also gives rise·cto a thiamin analog composed of the pyrimidine ring 
of the original thiami-n, and another ring from the 11 Cosubstrate 11

_ •• That . 
thi'amin analog could then be absorbed, and quite possibly inhibit 
thiamin-requiring reacti~ns. _ · 

.. , '\ 

The.· working hypothe·s is fo~ ( PEM) is: Thiaminase I, in the presence of 
a cosubstrate, produces a thiamin analog, which in turn, blocks thiamin~ 
reactions. Because th.e. bra_in ,depends on glucose utilization via glycolysis, 
and because thiamin pyrophosphate is a cofactor in decarboxylations,d~ 
seems reasonable that .the central nervous system -should be first to show 
symptoms. Several years ago, Lusby (1971), in our laboratory, was able to 
induce PEM in 3 to 4 days, using a continuously infused, .liquid,· 
high-cabohydrate diet. His work supported the thiaminase I hypothesis, 
because it is very difficult to envision animals developing primary thiamin 
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deficiency in that short a ti~e~ So the hypothesis has been in use for 
several years and although H generally explains how (PEM) occurs, .recent 
literature has shown some _exceptions. The hypoth~sis is not as 11 Clean 11 as 
we once thought. 

· Bacteria,l thiaminase is -c-ofterJ described as _an exoenzyme. That is, it 
is bound to the surface of the cell. Sapienza (1981), in our laboratory, 
found that if rumen fluid is taken from normal animals, adjusted to pH 6.8, 
and assayed for thiaminase, little, if any activity is found. In fact, 
more thiamin may be recovered than is added due to thiamin synthesis. 
However, if samples were 11 acid shocked 11 to about pH 4.5, then adjusted back 
to pH 6.8 befo·re assay, thiaminase was present. Apparently, the 
thiaminase had been separated from the bacterial cell. In rumen fluid from 
PEM cases, ·the enzyme is found in the supernatant, and no more enzyme is 
released by acid shocking. However, in our PEM model, rumen acidosis has 
already accomplished the acid-shock procedure. 

Where does thiaminase I come from if it is the culprit? Clostridium 
sporogenes. and bacillus thiaminolyticus have both been isolated from the 
rumen of PEM cases. Both organisms produce thiaminase I. However, that 
does not mean that these organisms are the source of thiaminase I, 
especially since no one has been able to establish populations of those 
organisms in the rumens of cattle. Also, several workers have reported 
that the characteristics of thiaminase from those organisms are not like 
that found in spontaneous PEM. Spontaneously occurring thiaminase has two 
pH optima, and that from C. sporogenes and B. thiaminolyticus has only one. 
Th~ir electrophoretic mobilities also differ, as do their estimated 
molecular weights. 

Thiaminase I can also come from a number of plant species. This has 
been a special problem in Australia, where PEM occurs under pasture 
conditions, apparently being derived from some of the fern species. In the 
U.S., PEM generally occurs in feedlot cattle, and frequently about 3 wk 
after a ration change. If PEM is seen in pasture cattle, thiaminase I from 
a plant source should receive serious consideration. 

The sulfite ion will also cleave thiamin at the methylene bridge, and 
analytically, will mimic thiaminase. Several cases of PEM have occurred 
when gypsum has been used as a feed intake limiter. It would appear that 
the sulfate ion of gypsum, during its conversion to sulfide, must pass 
through sulfite, which may destroy thiamin. However, we have been unable 
to create PEM by giving large doses of sulfate ion. 

There may be a whole series of specific thiaminase I enzymes~ That 
becomes especially likely when we look at cosubstrate specificity. The 
preferred cosubstrate for thiaminase I from spontaneous cases of PEM is 
analine. Niacin holds specia1 interest, since supplemental niacin is being 
added to rations to improve animal performance •. Can the extra niacin 
acting as a cosubstrate precipitate a case of PEM if the other conditions 
are already met? 
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Our group has postulated that rumen acidosis may set the stage for 
PEM .. Hist'am1ne is generally synthesized in the rumen whenever acidosis is 
presen~~ .Can histamine serve ~s·th~ tofactcir for thiaminase I? 

~ ; 1,._: t L 1, • 

.If we assume that a thiami·n--ana·log is the agent that blocks thiamin 
reactions, we need to look at the thiamin analogs that might be involved. 
Amprolium is an excel.lent coccidiostat, apparently because it inhibits 
thiamin pho~phorylation. Lowe and Dunlap (1972) found that high l~vels of 
am'p.rolium (con.siderably above the revels needed to prevent coccidiosis) 
could p'roduce the physical symptoms and the histological lesions of PEM. 
It is doubtful that thiaminase I produces amprolium, but amprolium's 
ability to induce PEM adds credence to the idea that a thiamin· antagonist 
is invblved in the disease. Since the amprolium molecule is similar ·to 
thiamin, and can apparently inhibit some thiamin~requiri~g reactions, is it 
possible' that lower doses of amprolium can inhibit thiaminase I? 

'. Research'on·PEM is a frustrating experience. Although Lusby, in our 
laboratory, was able to produce PEM in 4 days, and ne·ver had a failure, 
recently, we have been unable to produce the con'dition, using the same 
system. We may speculate that in Lusby's cas~·a few bacteria capable of 
producing PEM were present in the rumen and proliferated when a liquid diet 
was infused. Perhaps those bacteria are no·longer present. Several 
worker~ have been unable to successfully introduce C. sporogenes or B. 
thiaminolyticus into the rumen although they can be isolated from other 
rumens. We have also shared the frustration of failing to establish those 
kn~wn thiaminase producers. 

L In a review (Brent, 1976); it was postulated that lactic acidosis was 
probably a precursor to PEM. If that is true, our (Nagagaraja et al, 1981) 
recent finding that the polyether ~ntibiotics lasalocid and monensin 
effectively prevent lactic acidosis should mean that monensin should 

·· effectively prevent PEM.: Though it ha.s been claimed that there are· feWer 
cases of PEM in feedlots since the introduction of monensin, a farmer just 
west of Manhattan recently lost six head of feeder cattle to PEM, and they 
had received monensin since they arrived in his yard. · 

we·have asse~bled·a fe~ pieces of the PEM puzzle, but the r~maining 
pieces are going to be r&ther difficult to assemble. For example, the 
presence of thiaminase in the rumen is not specifically diagnostic for PEM! 
Probably the easiest place ~o check for thiaminase is in the fec~s. 
Apparently if there is thiaminase in the feces, there is also thiaminase in 
the rumen. However, there is~- considerable thiaminase found in"t~e feces 
Cif perfectly healthy animals.· Why don't they have PEM? · If a thi'arilin 
analog, exists whose target is the central nervous system, then there must 
be some_sort of mechanism protecting animals against the analog. Several 
authors have postulated that there is enough thiaminase in the rumen to 
iapidly hydrolyze all the thiamin present. Perhaps thiaminase is routinely 
present, but the cosubstrate limits the reaction rate, or perhaps_there is 
some sort of protective mechanism that prevents the analog from·acting on 
the target organ. Or perhaps, the absence of thiaminase is an artifact. 
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After exam1n1ng some of the new d~ta'on these two vita~ins, it is easy 
to make a case .for new research proj~cts.that will c~refully examine the 
assumption of adequacy of B-vitami ns in the rumen,· and the ruminant. 
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. TABLE 1. Effect of rii aci n on average daily feed intake and milk 

production in :fresh cows. 

DIETARY PROTEIN INTAKE 
PROTEIN SUPPLEMENT : NIACIN GRAIN HAY MILKa 

' % :' (g) (kg) 
' ':,,:' 

31.6b 15.9 SBM 5. 16o5 7.5 

15.8 SBM o· 15.7 7.3 28.7c 

16.6 UREA 5. 14o2 7.2 26o6d 

16.5 ~lJREA ,' 0 15 01 7 01 28.2c 

8.8 NONE 0 14.0 7.5 25o5d 

aAVERAGE DAILY MILK PRODUCTION (8 COWS/GROUP) FOR WEEKS 1-7 
AFTER CALVINGo 

bMEANS W.I_THIN COLUMNS ·sHOWING DIFFERENT SUPERSCRIPTS DIFFER 
(P<.05). 

' I •· 



Q 

--, ~-~~ . r 

TABLE 2. Effect of'nicotinic acid treatment on ketosis (mean of eight 
cows). (Fronk and Schultz, 1979) 

. -

·MEASUREMENT 

MILK (KG/DAY) 
GLUCOSE (MG/100 ML) 
8-HYDROXYBUTYRATE (MG/100 ML) 
FREE FATTY ACIDS (MG/100 ML) 

x· 
30 01 
43.1 
10 ~ 3 ' 
21 .1 

0 

SE 
1.47 
8.1 
2.96 

10.5 

DAY 

7 

x SE 
34.1 3.64** 
50.6 7o69* 
fi.7 3.09** 

11.3 5.27** 

a12 g NICONTINIC ACID ADMINiSTERED DAILY DIVIDED INTO TWO 
EQUAL AM AND PM DOSES, STARTING ON DAY 0. 

*P<. 10 o 
**P<.05o 

:· 
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TABLE 3. Effect of niacin on milk production, and blood glucose, 
betahydroxy ~~tyric acid and nonesterified fatty acids in fresh 
cows. . ' . -

WEEKS AFTER CALVING 
MEASUREMENT TREATMENT , 2 3 4 

_MILK (k_g) CONTROL a 21.4 •26.8 28.2 29.0 
-NIACINb. --

19o5 28o6 3Qo9 32.3 

BLOOD GLUCOSE CONTROL 57 59 60 62 

(mg/100 m1) N.IACIN 6.2: 61 63 64 

BETA-HYDROXY- - CONTROL 8~-s 10.0 7.0 5.7 

BUTYRATE (mg/100 m1) NIACIN .6~0 .-. ... 5.3 4o5 4.3 

NEFA (mEqf1) CONTROL .59 .38 .37 o27 

NIACIN o45 .38 o25 .24 

alO COWS PER GROUP 
b10 COWS PER GROUP - 12g NIACIN/COW/DAY 
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TABLE 4. Effect of high concentrate or high roughage substrates 
containing soybean meal or urea, with or without niacin, on 
microbial. protein synthesis in vitro. 

MICROBIAL 
NUTRIENT CONTENT OF SUBSTRATE NIACIN PROTEIN 

GROUND NITROGEN CONCEN- .SYNTHESIS b ROUGHAGE· CORN SOURCE TRATION DIFFERENCE 

(%) PPM (mg/g) I 

± SE i 
20 57 SBM 23 0 

·, :. 

,. 100 2o89 .68 

20 77 UREA 3 0 

100 -1.10 o61 

80 00 SBM 20 0 
100 · .· 2o26 .54 

. -· ~ . 
80 17 UREA 3 0 .., 

' ~ 

100 - . 72 .78 
aMean of 9 in vitro rtins (3 animals each used 3 times) in duplicate. 
bDifference in synthesis (100 ppm - 0 ppm niacin). 

•' . 
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TABLE 5. Effect of heated soybean meal, with 
or without niacin, on rumen protozoal counts 

· obt,ai ned bet\'1een 0 and 6 h after feeding. 

DIET HOLOTRlCHS ENTODI~IOMOR~HS TOT8L 

UNHEATED SBM 28.9ab 
(Xl03 /~1). 

568 597c 
WITHOUT NIACIN 
UNHEATED SBM 29o0ab 605c 634c 
WITH NIACIN 
HEATED SBM 2la9a 437d 459d 
WITHOUT NIACIN 
HEATED SBM 32.6b 695e 728e 
WITH NIACIN 

a,bMEANS IN SAME COLUMN WITH DIFFERENT SUPER­
SCRIPTS DIFFER (P<.05) 

c,d,eMEANS IN SAME COLUMN WITH DIFFERENT SUPER­
SCRIPTS DIFFER (P<.Ol) 

~ 
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TABLE 6. Effect of niacin on niacin concentration of red blood 
cells and daily milk production. 

PREPARTUM 

WEEKS 
POSTPARTUM 

1 

2 

3 

4 

NIACIN IN 
RED BLOOD CELLS 

CONTROL TREATMENT 
---( g/ml )--

15o8 15.5 

13o2b 15.4 
14o3C 15.3 
14.4c 15.3 

aEight animals per group. 
bDifferent from prepa~tum (P<.Ol). 
cDifferent from prepartum (P<.05). 

MILK PRODUCTION 
CONTROL TREATMENT 
---( g/m1 )---

2L8 23.2 
27.1 30.0 

27.1 32.7 
29.2d 33.7e 

d,ePaired means within rows sh.owing unlike superscripts differ 
( p <. 08) • '1 'V ·, 
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,_Chronic Vitamin) D3 Toxicity 1n Dairy Cattle 

W.G. Olson, R.L. Horstl and J.B. Stevens 

College of Veterinary Medicine, University of Minnesota and 
1 National Animal Disease Center, Ames, Iowa 

Vitamin D supplementation is required for all anim~ls housed in absenc.e 
of sunlight. Exposure to sunshine 1-2 hours per day will prev~nt rackets._ 
The requirements for dairy cattle range from 600 IU per 9ay of Vitamin D in 
calves to 6000 in lactating dairy cattle. Its primary functions are to regu­
late calcium absorption from the gut and resorption and mineralization_of 
bone. Its hormonal metabolites function in concert with parathy~oid_hormone 
and calcitonin to maintain serum calcium between 8 ~nd 10 mg/dl. Common 
recommendations are for 2 to 4 times the NRC requirements,l2-25,000 lU of 
Vitamin D per day. There is no data available to show that feeding over 
12,000 IU per cow per day will improve calcium availability or. improve_ m~lk 
production. . 

The rationale for supplementing higher or "megli" levels come from at­
least 5 different reasons. 

1. Milk fever prevention 
Oral injections of 20 to 30 million IU of Vitamin D2 (Hibbs .. 

and Conrad) or 10 million lU of D3 administer~d in a ~ingle 
intramuscular injection will reduce the incic!ence of milk fever -
(Manston and Payne). Soft tissue calcifi~ation became a serious 
side effect unless oral dosage was discon~inued after 7 days or _a 
balance in calcium phosphorus and magnesium intake was controlled.­
Hibbs and Conrad reported that feeding 35,000 IU of Vitamin D2 per 
lb. of concentrate year around reduced the ·incidence of milk fever 
in problem herds, however cows with no previo~s history of milk fever 
had an increased incidence of milk fever. _ _ 

·2. Overage in supplements to insure meeting label claims . 
Of unknown importance is the excess Vitamin_D c~ncen~ration­

formulated into various feeds in order to meet lab~l G~ai~s. _This 
was a possible source because of studies by Waibel -~p.d others that 
some sources of Vitamin D were of lower biological_~ctivity tha.n 
the chemical assay indicated. Current practices are-unknown, 
however we do not know of any instances where this is a serious 
problem. _ 

3. Several supplemental sources or accidental toxicity 
On a few occasions in field problem investigations, sever.al , 

sources of-supplemental vitamins ~ere present, resulting in Vitamin 
D levels over 300,000 IU per day based on label claims. 

4. To increase milk production 
In_the·arena of nutritional consultants and ration .balancil).g 
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there is the "claim." by a few nutritionists and veterinarians that 
when high amounts of Vitamin D are supplemented (200,000 IU per day 
or more) there is an increase 'in· blood levels of calcium and that 
thi~ in turn will increase .milk production. The data to substantiate 
this claim are not known. 

5. "If a little is good, a lot i~ better" 
Shotgun and excessive dosages of vitamins and drugs are rarely 

critically evaluated other than clinical impressions and often are 
accompanied by other changes which makes scientific evaluation 
impossible. 

Diagnosis of Vitamin D toxicity is difficult and requires a thorough 
investigation of the feeding program and laboratory confirmation. Classically, 
soft tissue mineralization or calcification must be demonstrated. In experi­
mental studies a variety of symptoms or problems·may be encountered which 
mimic many other diseases (Capen, Conrad, Hibbs, Payne, Manston, Littledyke & 
Horst). The signs include anorexia, depression, polydypsia; poyuria, firm dry 
feces, weight loss, shedding of.winter hair coat, abnormal cardiac function, 
decreased milk production and apparent muscle or joint stiffness manifested by 
cows getting up slowly and moving with a stiff or slow gait. Experimentally, 
sudden deaths have been observed with no signs of Vitamin D toxicity prior to 
death (Littledyke and Horst)• The etiology·of these signs are not well under­
stood, but may be due to cellular toxic :effects of Vitamin D or its metabo­
lites or to persistant'liypercalcemia. Vitamin D2 toxicity has been pro-
duced experimentally by feeding 20-30 million IU of D3 per day for more than 

·7 days. Signs and lesions of D toxicity were observed in 3-4 weeks (Hibbs and 
Conrad). Littledyke and Horst produced Vitamin D3 toxicity by administering 
2 injections of 15 million IU of Vitamin D3, 7 days apart. The mortality 
rate was 58% (Table 5). 

Chronic toxicity was not thought to be a problem as evidenced by the work 
on metabolized milk where up to 700,000 IU of Vitamin D2 were fed daily 
year around to achieve over 400 IU of Vitamin D activity per quart of milk. 
Hibbs and Conrad fed 162,000 IU of D2 per day year around and observed no 
problems. The first suggestion that Vitamin D3 may cause a chronic toxicity 
syndrome was in 1974 when it was suggested as the cause of a herd problem when 
50-90,000 IU of D3 was being fed plus injections of D3 were being admini-

_stered at drying off and just before parturition. At that time the metabolic 
profile test revealed hypercalcemia and hyperphosphatemia. A histopathologic 
diagnosis of hypervitaminasis D was made in a bone specimen from a.lp month 
old bull from that farm. This diagnosis of chronic Vitamin D3 toxicity was 
not accepted by the farmer or the scientific community. 

Over the past 8 years, poor production, sudden deaths; emaciation and 
possible increased susceptibility to common diseases were observed in several 
herds on an unusual feeding program (Table 1). The. feeding program provided a 
balancer ·to be fed with corn silage to make a complete ration. Assessment of 
its nutritional quality is provided in Tables 2 and 3. It is evident that the 
ration is deficient in energy, protein and phosphorus for 70 lbs; of milk 
production• In addition Vitamin D3 and Vitamin A were fed at 200 and at 50 
times ·respectively of the NRC recommended allowances. All of these herds were 
assessed by metabolic profile testing-(Stevens et al)." ·Every herd was anemic. 
Statisically significant hypercalcemia and hyperphosphatemia was present in 
individual herds. All' calcium, phosphorus, magnesium, and hematocrit values 



from 5 herds were combined ac_cording to milk production and analyzed (Table 
4). The increased calcium and phosphorus concentrations were highly signifi­
cant. Magnesium was slightly lower and enemia was highly significant in cows 
over 40. 1 bs. of em ilk product ion.~ . _ 

Plasma Vitamin .D3. and metabol_ite concentrations were highly elevated 
in these herds receiving over 1 x 106 IU of Vitamin D3 per cow per day 
(Table 5). It is apparent that chronic feeding of excess levels of Vitamin 
D3 for 1 year or more results in elevated plasma levels of all of the 
metabolites except·for 1,25(0H)2 D3, when compared to control and_acute 
toxicity studies by Littledyke and Horst. The consistancy, of the data between 
herds and comparing the composite data to the ·acute toxicity is evidence for 
chronic toxicity. The lack of soft tissue calcification may be explained by 
the presence of 2.4 x 106 -IU of Vitamin A and the deficient supplementatio~ 
of minerals and protein. The severe anemia may be due to either Vitamin D or 
Vitamin A toxicity. or protein and/or phosphorus deficiency. Iron deficiency 
was determined not to be a problem because of adequate iron content in bone 
marrow specimens. 

Causes of high incidences of sudden death are unknown in these herds. 
Anemia and hypercalcemia may be related to the observed cardiac abnormalities 
however there is speculation that the presence of 25 Oij, 23-26 lactone may be 
involved in the sudden death syndrome here. The lactone ring (formed from 
the 23 -·and 26 carbons on the 25,0H cholecalciferol side chain, Horst) is 
identical to the lactone ring in digitalis. The importance of this observa­
tion is unknown. 

The immediate and obvious question because of wide spread Vitamin D3 
supplementation is "how much is too much". Continuing studies in field 
problem herds have revealed that when 80,000 IU of Vitamin D3 are fed daily 
and injections of Vitamin D3 are administered, variable- hypercalcemia, _ 
hyperphosphatemia and anemia have been observed along with feet and leg·­
problems and above average mortality rates. The problems have as a clinical 
observation been relieved when vitamin supplementation was reduced to recom­
mended levels. 

In Table 6 are the Vitamin D3 and metabolite concentrations in herds 
rece.iving 1 x 105 to over 2. 5 x 105 IU of Vitamin D3 per cow per day. 
Hypercalcemia and hyperphosphatemia was present in varying significance in 
all of these herds. 

Certainly, feeding 80,000 IU of Vitamin D3 per cow per day can be 
associated with higher blood concentrations of the vitamin and its metabo­
lites, and serum calcium concentrations. The NRC recommended level is 
6000 IU per day. Our best guess is that whenever supplementation exceeds 
100,000 IU per cow per day there is a potential for problems and this poten­
tial may increase with each incremental increase in supplementation and/or 
if parenteral injections are administered. 

The claim for any mi~k production benefit has not been substantiated 
by scientific studies. On the contrary studies by Conrad have shown no 
greater calcium digestability when Vitamin D supplementation was at 40,000 IU 
per day versus 12,000 IU per day. 

Thus the most commonly recommended range of 10-30,000 IU per cow per day 
seems to be realistic and allow for a safety factor in a wide range of feeding 
programs. 
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TABLE 2. NUTRITIONAL PROGRAM FOR 1300-LB COW 

PRODUCING 70 LB OF FCM 

DM BASIS 
INGREDIENT As FED PRO c. PRO NET ENERGY CA 

(LED (%) (LB) (M CAL) -(GM) 

CORN s 'I LAGE . 
.• 

33. 8 2.64 24 '51 
-

BALANCER 6 34 2.04 5 ·,56 
-

TOTAL . 39' 4', 68 29 107 
• .. ~ 

VITAMIN D3~ 1.2 X 106 IU/DAY 

VITAMIN A~ > 2.4 X 106 IU/DAY 

.) 

p 
(GM) 

30 

28 ' : 

58 
f ~ 
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TABLE 3. PROGRAM PROVIDES PERCENT. OF:(%): OR TIMES <X> THE 
NRC REQUIREMENTS (1300-LB COW PRODUCING 70 LB FCM) 

NET ENERGY c. PRO CA p VIT. D. 
CM CAL) (LB) (GM) (GM) CIU) 

··-'~I 

NRC REQUIREMENT 34 7.15 104 86 6,00.0 
' 

PROGRAM PROVIDES 29 4.68 107 58 1,200,000 
-

% OR X 84% 65% 102% 65% . 200X 

•" . ~ ·' 

,_ 
' ' 

,, 

r. , 

.. 

.. 

. Vrr. A 
CIU) 

<;;)• 

" 
50,000 

2,400,000 

. 48X 
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~- Table: 4 ' 

Comparison of" Metabo~lic ~Profile Test· P~·rameters in All Cows 
Sampled from 5 Herds Receiving ') 1: x ·106 IU Vit D3 Per Day 
Compared to Base Population of 1502 Cows 

- I " 

Parameter Production Level 
Over 41 lbs FCM 2Q-40 lbs FCM ··Dry Cows 

Base Field Case ·'Base Field.Cas~ Base Field Case 

5 herds· ' 5 herds 5 herds 

' --. 

Ca 9.0 10.0 9~1 _9. 9 9.06 10.5 
+ • 38 + • 35 + .39 +' .49 + .38 + .85 

2.47 -3~82 -
SDS = .99 2.10 DSs = .96 SDs = .99 

... 

P.i 5.7 7.2 5.8 7.0 5.7 7.4 
+ .82 + • 07 + .72 + .60 + .73 +1.06 

1.8 SD = • 93 -1.63 SD = .90 2.33 SD = • 98 

.""": 

Mg 2.2 2.0 . 2.-1 2.0 2.1 1.9 
+ .20 + .29 + .20 + .31 . +c .16 + .14 

0.74 - -0.54 ~ .• 41 -
SD = • 54 SD J -.; 1.21 = .77 

'• ~ 't 

PCV 31.8 26.5 32.8 
_., 

26.8 34.4 31.0 
+ 1.64 + .71 . + 2.03 1. 79 +·2.03 

-
3.22 SDs = .99 2.97 SDs = .99 1.65 SD = .90 

•.: 
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'I) Table 5 
Calciu~ Phosphorus and Vitamin. D3 and Metabolites in Blood 
of Cows Receiving Normal and Toxic Amounts of Vitamin D3 

'' 

Death Rate 

Calcium mg/100. ml. 

Phosphoru~ mg/100 ml 

Vitamin D3 ng/ml 

25 OH D3 ng/ml 

1,25 (OH)2 D3 pg/ml 

24,25.(0H)2 .D3 ng/ml 

25, OH-26-23 
Lactone ng/ml 

Normal 8 

9.0 + .38C 

5.8 + .8c 

1.7 + .67 

37 + 7.1 

38 + 10 

2.6 + 1.3 

0 

·' '·-·] . . 
Acute-· Toxicity 

NADC.Study 

ll. 5 00. 5~~3 .0) 

7.5 (6.0-9.0) 

. 27 -!. 6.: 

205 +· 1~ 

187 +' 43 ·-
40 + 8 

13 + 2.6 

.. Chronic. 
Toxicityh 

0 - 25% 
-

10.0 + .35 

7.2+ .• 7 

95 ~8-262) 

298 (218-424) 

44 (24-?4) 

41 ( 29-101) 

12 (0.5-34) 

a 5 adult cows receiving diet containing NRC requirements for calcium, 
phosphorus, and Vitamin D3. 

b .8 to 1.4 x 106 IU of Vitamin D3 per cow per day for 1 year or more. 

·c Normal values for 1502. -
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:_ ·. · ~: TABLE ·6: 

Observed Range of Vitamin D3 and Metabolite Levels in Plasma from 

Qbws Receiving 100,000 to 250,000 IU of Vitamin D3 Per Cbw Per Day . . ,.. . ..., ' 

D3 25-0HD3 1, 25 (CII) 2Da Lactone 
I .;.- : .. - .! 

IU/day N ------------------ ng/ml -----------------------
' 

105 7 . '· 3•0-6.6. 31-76 .073-.133 .04-.13 

1.5xlo5 " 4 10;0::·24.5 40-83 .058-.077 .00-.12 

105 l 7 9.4-31.3 35-69 .046-.103 .00-.06 

2~5x1o5 \ 7 37-48'. 56-175 .021-.070 0 
_., 

..... · I j 
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VITAMIN E NUTRITION OF RUMINANTS 

Ted M. Frye 
Department-of Agriculture·& Animal Health 
Hoffmann-La Roche, Inc .. ,1 Nutley, N. J. 

Vitamin E is recognized as an essential nutrientfor all species 
of animals. However, differences of opinion exist among research 
workers as to the conditions under which vitamin E supplementation 
is required· and at what levels it should be fed. 

Vitamin E for many years after its discovery was believed to be 
the fertility vitamin. Subsequent investigations 9ver the past 50 
years have disclosed that vitamin E is essential for a variety of 
metabolic functions and is required for the prevention of a number 
of deficiency conditions in different species of animals (Table 1). 

A discussion of some of the chemical and biological properties of 
vitamin E may give us a better idea of how to evaluate vitamfn.E 
nutrition of ruminants. 

The chemical name for vitamin E is tocopherol and it.is found in 
nature as a high molecular weight alcohol. -We generally think _of 
vitamin E as a single entity, but there are several known forms 
occurring in nature. The most important and one of greatest prac­
tical significance is alpha-tocopherol which should.be considered 
true vitamin E because it has the greatest biological activity of 
all known forms. The other forms vary in biological.p9tency. from 
one-third t.o one-hundredth that of alpha-tocopheJ:ol (Ta})le.2) .1 

Unless the alpha-tocopherol content of a feedstuff.is known, the 
biologically available vitamin E pres'ent in a ration can be over­
estimated. There are few feedstuffs available which_contain high 
levels of alpha- tocopherol. Alfalfa meal is an exception. 2 See 
Table 3 for the biologically active tocopherol cont.ent of several 
common feedstuffs used in cattle feeds. 

Several factors are interrelated with the function of vitamin E. 
Some are classified as anti-metabolites or antagonists,~ while 
others are recognized as co-factors or sparing agents. 

In· consideration of the antagonists of vitamin E, the discovery 
that the addition of· readily oxidized and/or unsaturated, fat to 
an otherwise vitamin E adequate diet would cause encephalomalacia 
in chicks .. This condition could be prevented by the· addition of 
vitamin E to the diet,' indicating that fats would either destroy 
the vitamin E present or interfere with its proper utilization. 3 

91 
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Later it was found.that the polyunsaturated fatty acids increased 
the physiological requirement for vitamin E. 

It is _now well established ~th~t:-"· the· unsaturated fat, linoleic 
acid, is primarily responsfbl~.~ -Injections of linoleic acid into 
the body will increase the vitamin E requirement, indicating that 
at least part of the antagonistic action occurs within the animal 
body and is not related to the effect of fat on the stability of 
vitamin E in the ration. 4 - · · 

Another vitamin E antagonist of unknowu identity has been extracted 
from alfalfa. It- is an alcohol~soluble, heat resistant compound 
which reduces by about two-thirds the availability of naturally 
occurring vitamin E for the chick. A similar factor has been found 
in red kidney beans which reduces vitamin E utilization in chicks 
and sheep. · Evidence indicates that. these factors may exist in 
certain other forages. as well. · 

Of the several compounds identified as vitamin E co-factors or 
'spar1ng agents,selenium is the most important. Perhaps it is b.est 
to describe vitamin E and selenium as- co-factors which are inter­
dependent, although they m~y have different metabolic roles. 
Research data demonstrating this interrelationship has shown that 
selenium alone is·not completely effective in preventing nutritional 
muscular dystrophy in chicks, rabbits, and lambs. ·In some trials, 
selenium treatment has- initially improved white muscle disease in 
lambs, but failed to maintain improvement unless vitamin E was 
given also.5 · · . . . · ~ · 

Earlier research reported that muscular dystrophy in lambs and 
calves, when induced by adding unsaturated fat to the ration or· 
with spontaneous outbreaks in the field, could be corrected by 
treatment with vitamin E. In other occurrences, particularly as 
experienced in the Northwest, the best response to nutritional : 
muscular dystrophy in lambs is obtained with selenium treatment. 6 

. It would appear that nutritional muscular dystrophy and other. · · 
disorders can be caused by either a deficiency of selenium,· vita­
minE, or both (Table 4). 7 

REQUIREMENTS 

The 1978 NRC vitamin E requirement of dairy calves is 300 I.U./ 
kg (136.4 I.U./lb) of ration. Vitamin E requirements for the 
other classes· of dairy cattle are not included-in the 1978 NRC 
pub.lication. 5. · ' 

' I 

The 1976 '·NRC- vitamin ~ requirements of beef ·cattle range £:om ~5 
I.U./kg to 60 I.U./kg (6.8 I.U./lb to 27.3 I.U./lb) of rat1on. 

. . . 
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PERFORMANCE 

The performance of"' growing beef- cattle supple~~nted with '~itamin 
E has varied depending on feeding program., · Several --earlier re­
ports have indic~ted improved rate of growth and in most cases 
improved feed conversion when cattle received supplemental vitamin 
E. More recent observatio~s have· shoWn no improvement in growth 
when finishing rations were"' supplemented .with vitamin Eat 100 
I.U./head/day_especially when total vitamin·E intake f~om .feed­
stuffs was increased.9-l6 

In ~- 110 day growing trial to determine the effects- of supplement-­
i-n-g vitamin E at 100 I.U./head/d:ay, steers were fed processed feed­
stuffs (steamed-flaked grain sorghum·, pelleted supplements,_ arrunoni.-

. ated residue and corn silage). Cont:rol steers gained).ess (p<.05) 
and used f~ed less efficiently during the first 66 day.of the trial 
when they consumed 0.47 I.U._ of E per kg of body weight than'did 
the supplemented animal receiving 0.74 I.U. of vitamin~ per kg of 
~.W. During the final 44 days of the trial ammoniated corn. stover 
w~re subs~ituted for ammoniated wheat straw. During this .period, 
control steers ccins~ed more vitamin E (0. 86 I. U. /kg B ... W~ /day than 
they did during th~ first 66 days. At the end of the trial control 
_st~ers_and suppl~me~ted steers had similar gains and feed efficiency. 
The total vitamin E intake was 148 arid 295 I.U./head/day for the 
control steers during the first period and second period,respec­
tively. Total _intake was 233. and 357 I.U . ./head/day for supplemented 
steers for- the ~l:>"ame periods. 2 7 · - · 

The best criteria for evaluatirig:-the vitamin E status of cattle 
has not been determined. Unlike .calves, older cattle qo not usually 
show gross symptoms of vitamin E deficiency, such as nutritional 
muscular dystrophy, thus a more accurate diagnostic method for assess­
ing the vitamin E status of older cai:tl.e is needed. 

Several investigators have_reported plasma tocopherol values for 
normal animals and those suspected o~ oeing deficient. Cows produc­
ing calves with muscular dystrophy had plasma tocopherol levels of 
approximately 0.24 mg/100 ml.l7,1~ Cattle responding to vitamin E 
supplementation in one field trial h~d'plasma levels of less than 
0~3 mg alpha-tocopherri~per loo ml ~l~sma or less.l9 Cattle on 
pasture appear to consume adequ~-t~_1.7i tamin E. Plasma values for 
pastured cattle are usually above 0! S·-~mgflOO ml of plasma. 20 

-, I : . -h·., · .. -. ~ -
A field survey conducted.withi~~~:~ot beef cattle indicated that 
plasma alpha-tocopherol levels.ranged from 0.01 to 2.2 mg/100 ml. 
Sixty percent (60%) of the total 286 individual samples assayed be­
low 0. 3 mg alpha-tocopherol per 100 mg and nearly 40io of the samples 
assayed below 0.2 mg/100 ml. · ~n one case, cattle fed high roughage 
rations had the lowest plasma alpha-tocopherol level ranging between 
0.06 to 0.13 mg/100 ml for-9 animals sampled. The vitamin E intake 
calculated from alpha-tocopherol assay of the total diet was approxi­
mately 61 I.U./head/day. 

, I 
I 



::::Ill 
1!!1

1
' 

., 

In a separate locati'on cattle fed a low roughage ration con­
sumed approximately 190 -I.U. vitamin E/head/day and their plasma 
alpha-tocopherol ranged·be~ween 0.17 to 0.28 mg/100 ml with an 
average value of 0.22 mg/100 ml for seven animals sampled.l7 

Feeding' supplemental '.d tamj.n.~lf is _;enorted. to be helpful in pre- ·~ 
venting oxidized flavor· in milk. 2.i-2~- · In one study, 30 meg of 
tocopherols/g of milk fat was necessary to protect against oxidized 
flavor.25 · . 

The vitamin E sta~us of dairy cows was monitored over a four year 
period to determine if feeding dairy cows only stored feeds could 
cause a deficiency of vitamin E. Low E cows were fed stored ·feeds 
all year; whereas, the pastured cows grazed during sunnner. There 
were no signs of vitamin E deficiency although plasma tocopherol 
of low E cows was lower than that of cows pastured. Total toco­
pherol in milk from low E cows remained below 25 mcg/g fat except 
during the fall when crop hay and silage contained more vitamin E 
than feeds stored longer. Total-tocopherols in milk from pastured 
cows increased to about 50 mcg/g fat but declined to less thari 30 
mcg/g fat by winter. There were no differences between low E and 
pastured cows in incidences of retained placentas or reproductive 
efficiency. 26 . · _ · 

Table 1. Conditions· Resulting from a Vitamin E Deficiency 

Testicular degeneration 
Embryo degeneration 
Exudative diathesis 
Anemia 
Red Blood cell fragility 
Encephalomalacia 
Muscular degeneration 
Necrotic liver degeneration 
Kidney tubule degeneration 
Stomach ulcers 
Steatitis (yellow fat disease) 
Oxidative rancidity-meat & milk 
Bone deformity 
Depigmentation of teeth . 
Nerve degeneration 
Impaired utilization of vitamin A and carotene 
Impaired utilization of protein 
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Table 2. Relative Biological Activity of the Tocopherols (Rats) 

Form 
Tocopherol 

Alpha 
Beta:··-.. 
Gamina·· 
Delta 
Epsilon 
Zeta 
Eta 

. ' 

-

. '} 

·, '_· 

-:· 

~. t 

Relative 
Biopotency 

'~ ; 1.00 
..t<' _.:35 

1 
1 
5 

30-100 
1 

-'• '· 

· Prl.mary 
Source 

wheat germ, alfalfa 
wheat germ 
corn 
soybean 
bran 
rice & barley 
ric.e' 

..,_,,... 

Table 3. · Alpha-Tocopherol Content of Several Feedstuffs 
·? . ·~ '. 

~ -- ~- No. High Low Avg. All I. u. 
Feed.· Samples Value Value Samples ... ' ' lb.· 

Alfalfa Hay 2 27.7 23.8 ·. :·•. 23.9 35.6 
Barley 

~ 

6 19'. 4 9.85 16. 5' 24.6 
Corn 17· 15.87 5.17 9.03 13.5 
Cottonseed Meal 6 7.3 1.14 4.18 .6 .. 2, 
Milo 12 7.2 4.63 6.76 10.1 
Molasses 3 .3.9 1. 54 2.45 3.6 
SBM-44% 8 2.22 0.68 1. 36 2.0 
Wheat v~u- ! 4 6.62 1.45' 5.04 .. . 7. 5 
Wheat Bran 2 8.63 6.9 7. 76 11.6 - -. 

Table 4. Vitamin E and Selenium Deficiency Disease of Ruminants 

Disease 

Reproductive Failure 

Fetal death, resorption 

Nutritional~opathie$ 

Stiff lamb disease 

NMD 

Systemic' disorders 

Accumulation of ceroid 

Animal 

Cow . , Ewe 

Newborn lamb 

Sheep,goat, 
calf 

Calf,lamb 

Tissue Prevented by Dietary 
Affected Vit. E Se 

Embryonic 
Vascular 

system X X 

Striated mus-
cle X 

Striated mus-
cle X X 

Adipose X not confirme< r 
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Table 5. Guidelin'es ··for Vit~amin E-~Allowanc~- for- Dair-y and· Beef 

Cattle I.U./head/Day 

Dairy Cattle 

.. , •"., 
'·~ 

Calf starter feed. _ 

Lactating cows and 
Breeding bulls 

Dry Cows 

Growing Heifers and 
Bulls 

Beef Cattle 

Growing and Finish­
ing 

\',I 

NRC 
1978 

NRC 
1976 

.. . ' 

f:i F:ield Survey 
Levels (Total) 

j 

-. 

0-19. 5 

0-100 

0-100-· 

0-10:,, ' 
-~Field ·survey 
Levels (Total) 

' ' -

Steers and Heifers::: 122-490 _, 

Pregnant Cows and 
Heifers 

{ 

Breeding Bulls and 
Lactating Cows 

'. ! ' 

136-544 . 6-584 

177-708 80-1146 

.. 

Roche : ._ 
(Supplemental)_·~- · 

20.0 

80-100 

60-80 . 

25-35 

;'ii· 

-- ' .:.t. .,.. 
Roelle - - ·• -

(Supplemental)' 

20-so· 

.. 
20-100 

._;•_ 

20-100 

.. : - ., 

. '- ... ·. ··_, 

,.. • ;-~··. J.' . ' ' ' ' .. ' 

J..tr·,~- ~ ~ · -- ~.2 ,..-,,. 
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EGG SHELL QUALITY 

David A. Roland, Sr. 
Poultry Science Department 

Alabama Agricultural Experiment Station 
Auburn University, AL 36849 

How much money is lost each year due to poor egg shell quality? It is 
impossible to -give an exact answer ·'but it is estimated·· that .between 361 
and 550 million· dollars are lost annually. These estimates are based on 
reports of ll researchers (Table 1). The percentage of eggs. lost range from a 
low of 4% to"a high of 12.15%. Ba~ed on a loss ~alue of 40 cent~ per dozen, 
290 million hens and 20 dozen eggs per hen per year, the low estimate 
would be 93 million dollars and the high estimate would be 282 million 
dollars with an average loss of 148 million dollars. It is believed that 
these estimates include only eggs which were broken between collection 
and consumer and did not include shell-less eggs or eggs that fall through 
the cage into the manure. In 1977, studies by Roland indicated that for 
every 100 .eggs collected, 7.77 eggs are not collected. Because these eggs 
have no salvage value, they were valued at 60 cents per dozen instead of: 
40 cents. Thus, we have another 268 million dollar loss, which gives 
estimates. ranging from 361 million to 550 million dollars with an average 
of 416 million dollars per year. 

Realizing that this value is only an estimate influenced by several 
variables and can vary between producers, it still gives a de~inite 
indication of the severity of the shell quality problem. 

It is impossible with current knowledge to correct all shell quality problems, 
but it is possible to make significant reductions in the number of eggs lost 
due to poor shell quality. The purpose of this presentation. is. to give an 
idea of how much of the shell quality problem (cracked eggs due to· thin shells 
or_excess pressure and body-checks) can possibly be eliminated and to 
describe a five step program as to how this can be achieved. 

STEP 1: ELIMINATE THE. 20 MOST COMMON MISMANAGEMENT PRACTICES ADVERSELY AFFECTING 
SHELL QUALITY 

There are two major causes of broken and body-checked eggs. The first and 
perhaps.major cause is by man through mismanageme~t, and the second 
is the natural decline in shell quality caused by aging. In many instances 
the-shell:·quality problem caused by man's mismanagement of pullets and hens 
is overlooked when attempting to solve a shell problem; The reason · 
is that ·some producers want to believe that the cause is due to some unknown, 
complicated problem. Although this is true in some inst<;~.nces, I believe 
that at least SO% of all cracked and body-checked eggs are due to common 
mismanagement practices and could be eliminated by proper management using 
a goocl total shell quality program. This is not a simpl_e program ... It 
involves more than waiting until you have a shell quality pl,"oblem and then 
trying to solve it. It will t~ke considerable effort from everyone· in -a 
company. 

The mismanagement practices that can affect sbe.ll quality can be further 
divided into two categories~ First are the mismanagement practices that 
affect the health_of the bird causing a pre-mature decline in shell thickness. 
Second are the mismanagement practices that cause eggs to break due to excess 
force. 

:I 
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Obviously, all mismanagement.practices and other factors affecting shell 
quality cannot be listed;·· :however, 20 of the most conunon mismanagement. 
practices are listed in Table 2 and examples of each will be discussed during 
the presentation. 

I believe that if these 20 conunon mismanagement practices are eliminated 
much of the· shell breakage could be·-~·corrected. · . - - -

-:} ' .... ~-- - ) 

STEP 2: DO NOT OVER FEED HENS SULFUR AMINO ACIDS WHICH CAN CAUSE GREATER 
THAN NEEDED EGG SIZE RESULTING IN A PREMATURE REDUCTIONINSHELL THICKNESS 

Although many factors are .known to cause a premature decline in shell 
quality, it was not until recently -that .the major reason for the 'decline iri. 
shell quality due ·"to aging was determined. In 1977, it was discovered that a 
disproportionate increase in egg size and 'shell ·deposition was responsible 
for the decline in shell quality.:· 

When shell weight was determined on hen:s 3.,. 6, .9,·-and 12 months in lay, it­
was found that shell weight at 3 months- in lay (5 .23 g) did not decrease but 
remained constant or even slightly increased to 5; 38 ·g at 12 months in lay (i.> 

(Table 3). · However, egg weight increased from 55.9 g to 64 g. Because the 
hens had to spread this fairly constant amount of shell around 8 more grams 
of egg, the specific gravity decreased. This increases egg breakage for 
two reasons. First egg shell thickness declin;es ~and second, a larger egg 
is more susceptible and more easily broKen than a smaller egg. 

Since many studies that· tried to. increase shel_l deposition above normal have 
failed, it .was. believed that it would be_ easier to improve shell quaiity 
by reducing egg size and maintain shell deposition. In other words, can 
we reduce egg.size from an extra farge or jumbo egg to a large egg, 57 g, 
the weight' ~t 6 months in lay, and maintain it at this size without reducing 
the amount· of shell deposited or egg production? This should return or 
improve egg shell quality to that at the swne stage . 

III one experiJ!lent, dietary protein lev-els of 20, 16, 13.5 and ll.5% with 3% 
calcium and 2.84 ME cal/g were used. Decreasing the dietary protein from 
16 to 11.5% decreased egg weight 3.3 g within 8 weeks (Table 4). However, 
shell weight decreased as the protein content of the diet decreased which 
~esulted in ho improvement in egg specific gravity. 

Sq i'n another experiment ,--the same rations were fed except that the calcium_ 
level was increased from 3 to 4. 25%, hoping that this would prevent any -: .' 
reduction iri shell weight as egg sJze decreased, thereby. improving shell : • 
quality. Similar- ·effects were also observed. Egg weight was· significantly 
reduced in hens fed 11.5% protein. Shell weight also d~clined as egg 
weight decreased which resulted in no improvement in specific· gravity. - . 
Eight other dietary treatments were also used in other exp~riments in which 
we were able to red~ce egg weight; however, shell weight whent down ~n the J , 
same proportion as egg weight, resulting in no change in s ell quahty. -

The next question was, since it appears difficult to reduce egg weight and 
increase shell quality, could one; decrease the normal rate of increase· in 
egg weight in young birds and prevent the decline in shell quality?-' Yes, 
\vhen the increase in egg size was reduced by dietary manipulat'ion: no . 
decrease in shell quality was observed as the hen age·d; however·, we were 
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unable to accomplish this without adversely affecti~g production.-

Recently, ·c. F. P-eterson: and:.. co-workers at Idaho Uni.versity conducted experi­
ments similar to these; however, they waited until egg size reached a large 
egg, then fed low levels of methionine and were successful in improving shell 
quality. However, they did not reduce egg size. They simply reduced the 
normal increase in egg size w1thout reducing shell deposition. They did 
this in ~wo separate experiments ~ithout adversely affecting production. 
Peterson and co-workers obtained t'he greatest improvement in shell quality 
with an average intake of 255 mg methionine per hen per day. This level of 
methionine should only be taken as a guide because many factors can influence 
the requirement (previous levels fed, egg size desired, condition, and age 
of hen,- etc.)~ 

It was concluded from those studies that egg breakage lean be reduced by 
controlling ihe ,increase in egg size. It was also suggested that reduced 
levels of prot.ein and sulfur amino acids can result in a: substantial 
savings in feed cost. 

STEP 3: ENSURE THAT HENS CONSUME THEIR CALCIUM REQUIREMENT-

Of all the 'nutrients, none will have a greater or faster ~dverse affect on 
shell quality than a deficiency of calcium. For example, a hen cannot go 
a single day or even a few hours (depending upon time of calcium deficiency) 
without dietary calcium and .still maintain shell quality. Although calcium has 
been associated with shell quality for over 75 years, it is still the most 
common culprit either directly or indirectly involved in almost all thin 
shell problems. There are two reasons for this. First is the difficulty 
in establishing the calcium requirement~ and s~cond are the.numerous 
mismanagement practices or factors that can prevent the hen from consuming 
the required amount of calcium even though the diet may be formulated 
correctly. The most common mismanagement practices associated with getting 
the correct amount of calcium into the hen are presented in Table 2. The 
most probable reasons for the difficulty in determining the hen'·s calcium 
requirement are listed below. 

Changing genetics of the hen and the continued improvement in production 
capability;. 

Differences in calcium-requirement among hens within stratns ~nd among 
strains; 

Interrelationship of calcium with other nutrients, especially with phosphorus 
and vitamin o

3
; 

Interrelationship of particle size of calcium carbonate to calcium availability 
and palatability of feed; 

Ability of the hen to partially adjust feed intake to meet her calcium 
requirement; 

Calcium requirement has=been reported by many_:tesearchers in terms of 
percentage in the diet without· taking into account the variation in feed 
intake as influenced by energy level, environmental temperature, strains or 
age of bird, and a fear of th~ adverse ~ffects of excess or inadequate con-
sumption of calcium. . ' 
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Because of the above factors, establishing the hens calcium requirement has been 
one .of the most difficult to determine of the major nutrients. With- this in mind, 
the. calcium requirement recorrune;ndati·ons in the following sections are based on the 
authors interpretation· of 'ptiblished data and research conducted at Auburn ·· 
during the past few years. · 

To ensure maximum shell quality, it is recommended that hens consume a 
minimum of 3. 75 g of calcium per da.x ... - ~or older hens or hens with shell 
quality -problems, the calcium in1:ake· .should be increased by as much as 1 g 
depending on age 'and the severity and type of shell- quality problem. The 
following guide is a general recommendation. 

Starting at 1 week prior·to the first egg until peak production, the birds 
should be fed a diet containing 3.75% calcium. This would normally be from 
approximately 19 to 28 weeks of age. From peak production until 36 weeks 
of ag~ feed 3.75 g Ca/hen/day. From 36 to 52 weeks of age the hens should 
be fed 4.0 g Ca/he~/day. From 53 weeks until the end of the production 
cycle the hens should be fed 4.25 g Ca/hen/day. Any time after peak 
production that shell thickness becomes abnormally thin, it is suggested that 
the calcium intake be increased to a maximum of 4.75 g /hen/day and/or part 
of the calcium supplied in the. form of pullet or hen sized Caco3 . An 
explanation for this particular program will be discussed in the presentation: 

STEP 4: DETERMINE AND FOLLOW EGG SPECIFIC GRAVITY-VALUES AT· REGULAR INTERVALS 
JUST AS YOU DO EGG PRODUCTION fu~D FEED CONSUMPTION 

When it is determined that an abnormal undergrade-problem is due to thin 
shells we know that mismanagement practices associated-with nutrition or 
health have adversely affected calcium metabolism. This can be either a 
direct effect caused by the hen consuming inadequate calcium or an indirect 
effect which alters calcium absorption and deposition.-- It is usually much 
easier to determine the cause of the direct effects and correct these type 
of problems than the indirect ones. For example, there may be many factors 
that may have adversely affected the bird before she reaches maturity 
(disease, management, nutrition) and these effects may not be noticeable 
or cause a severe problem until the hen has been in lay for several months. 
Because of this delayed effect it has been very difficult to pinpoint which 
mismangement practices prior to maturity are the major causes of subsequent 
shell quality problems. For this reason, it is very important to determine 
peak shell quality and follow shell quality at regular intervals just as you 
do production and feed consumption. By doing this it will help one to 
determine ~hether the problem occurred to the hens prior to maturity or after 
maturity. Over a period of time involving different flocks one can- · ;,.f 
associate the cause of shell quality problems with specific mismanagement· 
practices occurring to the birds prior to maturity. 

STEP 5: ELIMINATE ENVIRONMENTAL FACTORS THAT CAN INCREASE. THE INCIDENCE 
OF BODY-CHECKS 

Body-checked eggs (BCE) are one of the major types of shell quality problems 
confronting the egg industry. They are of inferior quality because it takes 
20% less pressure to break a BCE than a non-BCE. Unti-l recently, little 
was known concerning the cause or· methods of correcting BCE. In 1977, research 
conducted at Auburn indicated that the incidence of BCE was directly related 
to cage density and hen age with most BCE being laid between 6 am and 8 am. 
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Based on these results, it was hypothesized that most BCE were laid during 
the early morning because of a relationship between photoperiod, hen activity, 
and the critical pei:iod of ·shell calcification (CPSC). The CPSC is defined 
as the first few hours of shell calcification when the shell is ultra-thin 
and most susceptible to breakage. Results of additional experiments at 
Auburn indicated that this hypothesis was correct'becaus~ by increasing or 
decreasing the photoperiod, the incidence of BCE could be increased or 
decreased:. Also, the time of lay o{ BCE could be completely reversed by 
reversing the photoperiod. 

1 

Although reducing the length of the photoperiod in older hens for short 
periods significantly reduced the incidence of body-checkes, reducing the 
photoperiod was believed to be risky as far as egg production was concerned 
and could only be recommended under extreme conditions. Also, since light 
can't be reduced during the: afternoon in an open-:type house in Alabama in the 
summer, these data suggested that current lighting programs should be 
re-examined. Can hens obtain maximum production when supplied 14 or 15 
hours light instead of 17-18 hours typically supplied and recommended by 
most management guides? Also, would a shorter photoperiod throughout lay 
continue to reduce the incidence of BCE? 

To answer these questions, two experiments were conducted. A stimulight 
program starting with 15 hours total light and increasing 15 minutes at 
regular intervals until a maximum of 18 hours was compared to a constant 
15-hour photoperiod. Fifteen hours was chosen because that is the shortest 
light day that one can have in an open-type house in Alabama without having 
increasing and decreasing light. 

There were no significant differences in production for 12 months 
associated with photoperiod (Table 5). However, the hens supplied the 
shorter photoperiod in both cage densities laid approximately half as many 
BCE (Table 6). For example, at the end of· 8 months, the hens. housed three 
per cage and exposed to 15 hours of light laid only 4.4% BCE versus 9.7% 
for hens lighted 18 hours. The reason for this was that the hens exposed to 
18 hours of light laid earlier in the day. For example, 34% of their eggs 
were laid before 7 am versus only 18.8% for the hens that received 15 hours 
of light. Laying later in the day decreased the number of hens with ultra­
thin shells during the late afternoon, thus decreasing the possibility of 
breakage. 

In a summary, to reduce a body-check problem; 1) Do not overcrowd hens. 
2) Eliminate activity or noise in the hen house after approximately 4 .pm 
to keep hens as still as possible. 3) Use a shorter photoperiod. 

In conclusion, the five point program for maintaining maximum shell quality 
is as follow~: · 

STEP 1: Eliminate the 20.most common mismanagement practices adversely 
affecting shell quality. 

STEP 2: Do not over feed s~lfur amono acids which can cause greater than 
needed egg size which will cause a premature reduction in shell thickness. 

STEP 3: Ensure that hens consume their calcium requirement. 

I~ I 
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STEP 4: Determine and follow egg specific gravity values at regular intervals 
just as you do egg production and feed consumption. 

.• " 
STEP 5: Eliminate environmental factors ·that can increase the incidence of 
body-checked eggs. 

'# • ;;,' ,. .• _ ... 
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Table 1. Estimates _of eggs lost du~ to po~~ 
egg shell quafity 

-- .. % eggs '1 
' 

lost1 Estimator Year 

2 
,.,. ·J 

Petersen .:e:t al. 1960 s<. 5.00: -- : c' ., /~ 

Wallace 1965 .. 7.00 

Sanford 1966 5.00 

.. ' . ., 

Forsythe 1966 4 :oo 

Elson 1968 - ., l 5. 80 
!·. 

Sunde 1971 6.50 

Harwood and t.-lorris 1972 5.21 

Sullivan 1972 ,_ -· 6.5-o 

Bezpa 1972 1-2. 15 
... _, j ~ 

Swanson and Johnson 1973 6.5-0. 

Average. = 6.37 

1It is believed that these estimates included 
only body-checked eggs, pimpled eggs, and 

'- -

eggs which were broken between collection and ·· 
consumer and do.not include shell-less eggs 
or eggs which fall through cage into manure. 
In 1977, Roland found (Poultry Sci. 56:1517~ 
1527) that for every 100. eggs collected·, 7. 77-
eggs are not collected. This suggest that 
th~"~h~ll qu~lity problem is more th~n twice' 
as seve~e ·.as previously determined. 

2 ! ' ' Complete references·are given in Poultry 
Science 56:1517. 
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Table 2. Most common mismanagement practices associated with poor shell quality 

I. Mismanagement Practices Affecting Bird Heal t_h 
.. , ~ . -

1. Feed misformulated (Example: calcium, phosphorus~ vitamin D) 
a. Requirement· no·t · kriown or ,mis'interyreted. 
b. Math error .. '· 
c. Inac~urate nt1tri~n:t:~-~21}1Y.g.~i~i_on· of fe~~ ~ng-z:edieJ1t·s 
d. Nut;rient ·formulatioll not: adjusted to change in feed intake 

/. ·"'~. ' ' .. 
2. Milling errors 

a. Scale--i.naccura'cy " ----. ~ -- .. 
b. Erroi":·in addition o'f ·supplement or i,!.lgre__~ient 
c. Nutrient in wrong bin 

3. Wrong fegd'to birds 
,..J f ' 

4. Feeders of waters out o·f :adjustment 

5. Interruption of feed or water supply 
·~ ) 

6. Feed contamination; Example: mycotoxins, insecticides 

7. Ingredie~t ~-eparation · 

8. Wrong par't;..i cle size of calcium carbonate 

9. Disease a~d/or possibl~ adverse vaccine reactions 

a. Newcastle disease 
b. Infectious bronchitis 
c. Adeno-virus 

10. Pullet mismanagement 

a. Failur:e.to have a consistent she.lJ_quality evaluation program 

II. Mismanagement Practices Causing Breakage By Excess Force to Egg Shells 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

Excess c~~e density 

Cage desigri br condition of tages 

a. Too m.';lch. slope or nof enough slope 

Eggs stacked'. 'too high and egg. carton condition 

Frequency ~of .~gg ~~llection inadequate 
• l - '~ • 

Clumsy egg -co.i'fector -
.. 

Automatic, _egg -~ollection equipment out of adjustment' · 
,-..f- . • 

Poor road conditions or worn shocks on egg truck~,! . -

Egg processing equipment out of a;dj ~stment_ . _ . ''JZ _: 

9. Not separating jumbo eggs 

10. Excess Light 
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Table 3. Inf.luence of bird age on shell quality 

Bird age 
(months) 

Egg 
weight 

(g) 

Shell 
. weight 
~. (g), 

Specific 
gravity 

Shell 
thic~ness 

(g) 

s C3) 1 

ll (6) 

14 (9) 

17. (12) 

2'" 
55.91 d . 5: 23b 

·57 .2oc 

b 
59.13 

a 64.03 . 

5.27ab 

s.34ab 

5.38a 

~,;. 

1.089a 

1.084b 

1. 082c 

1.077d 

.367a 

.366a 

·.356b 

b .353 

·1values in parenthesis represent months in lay. 

2Means followed by different letters in the same 
column are significantly different (P~O.OS) . 

. ' 

' ' 

Tabi"e 4. Egg weight, shell weiglit, and 
specific gravity as influenced by 

.dietary protein· 

Proteinr 

20.0 

16.0 

13 .s 

ll.S 

Egg 
weight 

.. (g) 

1 
65.0a 

62.9ab 

63.4ab 

59.6c 

Shell 
weight 

(g). 

5.34a 

5.28ab 

b . 4. 92 . 

Specific 
gravity 

1.078a 

1.079a 

.-l.078a 

' i.077~ 
1 ,· 
Means followed by different letters in the 
same column are significantly different 
(~0 .OS). 
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Table 5. Influence of photoperiod and cage densi~y on 
production---

•fi 

Cage Production 2 

Experiment Photopei-iod .density 9,: 
. 0 hen.day 

1 
1 15 Single Slab 

·- 18 Single 83a 
~~-

2 15 '• :) ~ Triple 82ab 

18 Triple· sob 

1Values followed by different letters are significantly 
different (~0.05). 

2 Average prpduction for 12 months. 

Table 6. Influence of photoperiod and cage density on 
body-checks 

Body-checks (g.;) 
Cage montFis in lay 

Experiment Photoperiod. .. density 5th 8th 

1 15 Single 
_
6
cl 2.2b 

18 Single 2. 7~~-· 4.4b 

2 15 Triple. 2.3b 4'.4b 

. :; 
18 Triple. 5.5a 9:7a 

11th 

1.6 c 

4.0b 

4.9b 

8.8a 

1Values fol~owed by different letters in the same column 
are significantly different (P~0.05). 
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Feeding and Managing Capons for Successful Production 
Dr. Norman D. Magruder 
Poultry Nutritionist 

Cargill Research Farm 
._ El R River, Minnesota 

Introduction: 

A capon is .an unsexed m,ale chicken. B:r surgical removal of the 
testes (caponizing) the meat becomes the finest and most delicious 
of all poultry. In this country only about one of 1000 people have 
ever tasted capon. Sometimes a roaster, however delicious, is mistaken 
for capon in the market place. The capon is larger; i.deallTweighing 
about 7% lbs. dressed. This relates to a liveweight of 9~ to 9% lbs. 
in approximately 18 weeks. During this time it consumes 35-40 lbs. of 
feed, even though for 8 weeks the c~pon is on ~-,r~stricted diet program. 

The capon is a specialty item in the food market and restaurant 
trade. There aie only approximately 1 miilion ~aponi raised annually 
in the U.S. Grade is very important! Thet;e·are 3 grades; "A", "B" and 
"C" along with "parts missing". Payment is made on grade and this will 
be explained in detail later in this-pap~r. The capon population is 
fairly well-controlled with most-of the capons of the past season sold 
before the. new season begins. , ... -:_, ·· _ _ , _., __ 

Contrary to other types of meat-type po~ltry producing programs, 
capons should never be full-fed with high energy broiler chicken-type 
formulas. This is most important because if they are full-fed they will 
become obese and spend most of their time sitting between meals. This 
will result in a breast blister and downgrading. You must,build skeletal 
growth on a lean frame from 8 through 14 weeks in order to increase the 
chance of Grade A carcasses. 

Getting Prepared for Baby Chicks: 

This is the same procedure as for replac.ement·:pullets, broilers, 
·turkeys or for any other type of poultry. The house, feeders and 
waterers should be thoroughly cleaned and disinfected_~at least a 
week before chicks are due to arrive. Spread dry, soft litter at least 
4 inches deep several days before receiving chicks. _Wood shavings are 
excellent-litter. Start heating units at least-48 hours before arrival 
so they can be regulated and litter will be warm. Have feeders and 
waterers filled and ready. Be sure that water-is at room temperature. 

When the Chtcks Arrive: 

The chicks should arrive early in the morning-so'that they have 
the entire day to l~arn to eat and drink. If they do arrive late in 
the day be sure that c~ontinuous light is use~ for- the first 48 hours. 

Brood~rs: · Start ~00 chicks under a 6 ft: hove~, -750 under an 
8 ft. hover, or 750 under a 40,000 BTU heater. 

Feeders: Allow capons 2 inches of trough space through 6 weeks 
and 3 inches until 9 weeks.· ..J. 

\. 
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Waterers: Pro·vide J:wo chick, f?u,nts per 100 chicks at the start of 
the brooding period. Later, each capon should have 1 inch of waterer 
space when troughs are used. With pans supply about 1/3 less bird 
space. 

Lights: Use continuous''light the first 48 hours, then provide about 
0.5 foot candle of~llu~inatiori at bird· level to ~upplement natural 

. da~light or about 1 foot ~andle in e~vironmentally controlled houses. 

Care During First and Second Days: 

Keep the-house warm. 

· Be sure an the chicks are eating and drink{ng. 

Do not let chicks crowa··against broode·r guards. 

Check birds often the 'first' two days.· 

··· 'Keepjwater founts free from debiis~ 

Watch for starve-outs. Find the· trouble and remedy it~; 

Check brooder temperatures at night •. 
-· " 

'Be·. sure there is a .coccidiosis controL pr-ogram. 

, Debeaking: · · 

Debeaking is recommended when chicks are raised !n confinement. 
Most birds are being debeaked day-old at the hatchery. For small flocks, 
it should be done at 5 or 6 days with an electric debeake~. It is a 
good idea to add soluble vitamin·K-to the drinking water the 3rd, 4th 
and 5th days in preparation for.debeaking. 

Vaccinations: 
; . 

Extreme caution must be used if vaccinating chicks for .Newcastle/ 
Bronchitis before caponizing. If birds are vaccinated befor! ~aponizing 
it should be done at day-old by using B

1
-Connecticut vaccine via the 

eye-drop method. Do ~ attempt to vacc1nate chicks through t~e drinking 
water before caponizing as usually the birds.will be going t~rough a 
stress period at caponizing time and severe losses.will result •. Chicks 
can be vaccinated through the drinking water after the stress of 

. caponizing. 

·Third and Fourth Days: 

Discontinue bright all-night. lights §lfter 48. hours. 

Check brooder. temperature at night:· 

Expand brooder guards eac_h day. 

Clean waterers daily; disinfect them once a week. 

110· 
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Start using larger feeders on the fourth day, but continue the 
feeder lids. 

Fifth Through. Seventh Day:· 

Keep brooder warm an·a st~rt to lower house temperature. 

Supply large waterers. 

Start to remove first waterers and feeders. 

Remove brooder guards. 

Second Week: 

Start to raise feeders and waterers. 

Watch for feed .wastage. 

Check fe~d· intake daily. 

_Increase ventilation rate. 

Caponizing Time - 2~ to 3~ Weeks of Age: 

Three or four days before caponizing start adding a soluble antibiotic 
(1 tablespoon) and 2 teaspoons of soluble vitamin K (Clotin) per 5 gallons 
of drinking water. Continue with this up to caponizing time. The day before 
caponizing take all feed from birds for entire day, but continue with 
medicated water until evening, then also eliminate all water until after 
birds are caponized. Check all birds closely for signs of sickness and 
colds as sick birds cannot be caponized. 

Day of Caponizing: 

No feed or water until after birds have been caponized. Make sure 
fresh water is readily available and the inclusion of a soluble vitamin 
mix in the water the remainder of the day is recommended. Take dry feed 
away from the birds. Make a wet mash from the Nutrena Complete Chick 
Starter and_do not overfeed the chicks. Scatter small amounts of wet mash 
frequently to keep birds moving around. Keeping birds active will help 
prevent lameness and windpuffs and chicks will recover quic~er from the 
shock and stress of caponizing. This is a very critical period •. 

Th~ grower or his key help should be present_ to assist with penning 
and catch1ng to speed up th~ process. The caponized birds need to be 
watched carefully~nd ~tirred at least every half hour to get them 
eating and drinking. Keeping birds active will help prevent lameness 

.and windpuffs and chicks will-recover quicker from the shock and stress 
of caponizing. Kee~{ng light on during the night of caponizing ~lus 
1 or 2 extra nights should also help to k~ep them activ~ instead of 
sitting in the litter all night •.. Be sure to keep the birds warm during 
and after caponizing. 



Windpuffs: 

The developing of windpuffs in capons is not uncommon. Should they 
occur, don't bother the birds for about 10 days, then puncture only 
the large puffs with a sharp,a!~nss!ument and let 'the air out~ If a bird 

.seems in obvious pain fro~ wi~dpuffs after caponizing then use surgery 
immediately. ... 

Days Following Caponizing: 

Put chicks back ~n regula~ feed. Continue with vitamins in the 
water for next 3 or 4 days. Your birds are now full-fledged capons and 
are ready for a capon growing program. 

Fifth and Sixth Weeks: 

Feed a chick starter-type diet (20% protein) for the first 5 weeks, 
then start on your feed restriction program. During the 6th week change 
to Developer I and feed 20 lbs./100 birds. Make sure there is plenty of 
feeder space (about 50% more than when on full feed). 

Seventh Week: 

Worm capons with piperazine water wormer. Limit the feeding to 
22 lbs./100 birds/day. You can control feed in many ways. 

1. Han1 weighing and feeding. 

2. Use of an automatic timer on the feeder. 

3.' Lowering and r~i.sing hanging feeders. 

4. Running in feed in the dark in chain-type feeders. 

5. By use of sophisticated new feeding equipment that pre-weighs 
feed then drops it into feeder pan. This is best system for 
large operations. 

Eighth Week: 

Continue feeding Developer I but increase the amount of feed to 
25 lbs./100/day. 

Ninth and Tenth Week: 

Change t~ Developer II-but still feed 25 lbs./100/day. 

Eleventh, Twelfth a~d Thi~teenth Weeks: 

Continue feeding Deve~oper II but change feeding rate ·to 28 lbs./ 
100/day. 

Worm again during the 12th week. 

Fourteenth Week: 

Continue feeding Developer II and change rate to 30 lbs./100/day. 
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Grit Feeding: ,, , 

We recommend the feeding o{ grit to capons. It can be put into 
hanging feeder or put in the feed about once per week. 

Change to Capon Finisher ration. Gradually increase amount of feed 
given birds daily so that at the beginning of the 16th week they will be 
on·foll-feed. Continue on full feed until marketing, usuallj at 18 weeks. 

Grade Pricing: 

The going market price. is used to establ{sh the premium incentive 
program. At 50% Grade A the current market price is used (say, for 
example, the market price is 45¢). For every 1% above 50% Grade A the 
price to the producer increases-by 0.1 of a cent. If a flock owner 
comes in with 52% Grade A he will receive 45.2¢/lb. liveweight for his 

_c-apons. If they_ are at 60% Grade A,. they will receive 46¢/lb. at 70%; 
4}¢/lb. and at 80%;·48¢ or 3¢/lb. more than the standard. 

~ ~ capons must be well-finished with good body conformation 
and no breast blisters o~ other blemishes. 

Grade ! capons are well~fin~shed birds with small blisters that can 
be sewn. 

Grade C capons usually have large blisters (non-infected) that have 
to be~a~ay, taking most of the skin from the breast. 

Parts Missing - same a~ for broilers and turkeys. 
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Weeks to Feed 

0-5 

6-8 

15 to t1arket 

TABLE 1 

CAPON FEEDING PROGRAM 

Type of Feed 
~ .. II'- ,"1'" ~ 

t.i-20% .Complete Chick Starter. 
$ho~ld contain a coccidiostat. 

Complete feeding: Capon Developer No. 1 -
high in fiber - low in protein - should 
contain coccidiostat. 

Concentrate feeding: 
41% Capon Concentrate 20% 
Ground corn 50% 
Whole oats 30% 

,'l ;_ . 

. Complete feeding: , Capon Developer No. 2 -
· · ' high in fiber - low in protein - should 

contain coccidiostat. 

·Concentrate feeding:··.~· 
41% Capon Concentrate 
Ground corn 
Whole oats 
Dicalcium phosphate 

15% 
42.5% 
41.5% 

1.0% 

Complete feeding: Capon Finisher - low in 
protein - high in energy - should contain 
coccidiostat• 

Concentrate feeding: 
41% Capon Concentrate 
Ground corn 
Dicalcium phosphate 
Fat 

20% 
77% 

1% 
2% 



TABLE·2 

CAPON DATA 

Taken From Actual Capon Experiments 

Expected Body Weight Gain 
(In Pounds) 

Period: (weeks) 0-5 6-8· 9-14 15-18 0-18 

2.17 1.83 3.94 1.96 9. 89 

Feed Per CaEon 
0-5 6-8 9-14 . . 15-18 0-18 PeriOd: (weeks) 

3.99 5.45 15.36 10.71 35.51 

Feed Reguired/Pound Gain 
Period: (weeks) 0-5 6-8 9-14 15-18 0-18 

1.84 3.01 3.90 5.45 3.87 



TABLE 3 

STARTER AND DEVELOPER I REQUIREMENTS 

Starter Deve 1. I 
Nutrients: 

Protein, % 20 16 

CME/kg. 2850 2719 

Calcium, '7. 1.00 1.10 
.' . 

Avail. Phos., % 0.50 <:5.50 
c: ~' 

Lysine, '7. 1.05 0.75 

TSAA, % 0.75 0.56 

Sodium, '7. 0.17 0.15 

Weeks Fed 0-5 6-8 



TABLE 4 

DEVELOPER II AND FINISHER REQUIREMENTS 

Devel. II Finisher 
Nutrients: 

Protein, % 16 15.5 

CME/kg. 2509. 3200 

Calcium, % 0.83 0.94 

Avail. Phos., % 0.55 0.50 

Lysine, ':'. 0.72 0.69 

TSAA, "1. 0.52 0.50 

~Sodium, % 0.15 0.17 

Weeks Fed 9-14 14-Mkt. 

I 

l.. ~ 
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TABLE 5 

HOW PAYMENT IS MADE FOR GRADES 

1. 50% Grade A'Market Price 

' 
For e~a~ple: liveweight price is 45¢/lb. 

2. Each 0.1% above 50% increases price by 0.1 cent. 

3. Each b.1i below 50% decreases price by 0.1 cent. 

4. For example: 

551. Grade A, price (l 45.5¢/lb. 

45•;. Grade A, price @ 44.5¢/lb. 

40% Grade A, price @ 44.0¢/lb. 

70% Grade A, price @ 47.0¢/lb. 
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TABLE 6 

Group 1 = Fed like broilers 

No Restriction 

Group 2 = Fed like broilers 

Restriction of Grower 

Group 3 = Regular capon method pf 

feeding w/restriction 
l.' 



TABLE 7 

RESULTS OF CAPON STUDY 
. ., ' 

.•. (Day-Old - 18 Weeks) 

Group 1 Group 2 Group 3 
" 

Type Br. FF BR. RF Ca. RF 

Body Wt., kg. 5.00 4.63 4.14 
) ,. - ' -

Feedicapon, kg~ i6.82 15.43 13.15 

'. 

Feed/Gain~ kg. 3.43 3. 41 3.25 

Weak legs, 0
/. 22.8 10.2 5.3 

Grade A's, % 56.7 71.2 80.6 



TABLE 8 

FIELD REPORT 

Purchased ••••••••••••• 6,000 head 

9.5"1. mortality 

Production cost, total 

or 31.42¢/lb. 

Average body weight 

Feed cost, total 

• $16,111.28 

9.4 lbs. 

$9721 ~39 

18.96 feed cost/lb. 1m~at~ · 

Grade A • 74.8%, Grade B ·22.5% 

Thrift • 2.7%' =lOb% 

Return • Capons $20,642.35 

Pullets 141.96 

$20,784.31 

Costs 16' 111.28 

$4,673.03 

Profit/Bird Packed 5327 Head= 87.72¢/Capon 



TABLE 9 

EXPERIMENTS - ITEMS TESTED 

1. Mold control 7. Lactobacillus cultures 

2. Appetite dep~essants 8. Antibiotics 

3. Vitamin levels (3) 9. Trace mineral levels 
• 0 • 

4. Energy levels ( 2 ), : 10. High levels vitamin D
3 

5. Different fiber sources 11. Grains, sunflower and wheat 

6. Calcium:Phos. levels 12. Feeding programs 
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INTRODUCTION 

INFLUENCE OF ENVIRONMENTAL TEMPERATURE ON THE 
LYSINE REQUIREMENT OF GROWING- TURKEYS 

S. L. Noll and P. E. Waibel 
Department of Animal Science 

University of Minnesota 

Environmental and Temperature and Protein-Amino Acid Requirements 

As environmental temperature exerts an effect on growth and feed consumption of 
poultry (de Albuquerque et al., 1978; Deaton et al., 197?; Mill~gan and Winn, 
1964;.Prince ~ al., 1961), it has been suggested that a nutritional adjustment 
should be made in the diet due to altered energy requirements (Combs, 1970; 
Waibel, 1976; Wilgus, 1973). The adjustment usually made is in dietary protein 
or amino acid concentration in relation to dietary available .energy to compen­
sate for the change in feed intake. At cool tempeilatures, then, a lower protein 
diet should be adequate, while at warm environmental temperatures, higher pro­
tein diets will be needed to maximize growth. 

Review of the literature concerning nutrient requirements as related to environ­
mental temperature has not shown a consistent relationship between requirements 
and temperature. Lower protein requirements have been demonstrated with Large 
White male turkeys reared at cooler environmental temperatures. Waibel et al. 
(1975) reported that turkeys 4-20 weeks of age and reared ·at 51°F needed~ower 
dietary protein compared to the turkeys kept at 72°F. In another experiment 
lower protein requirements were seen for turkeys (6-20 weeks of age) reared at 
49 or ·59°F (Waibel et al., 1976); turkeys reared at warmer .temperatures 
(69° or 81°F) grew better when dietary protein was higher, but growth was still 
depressed compared to turkeys in the cooler environments. Data of March and 
-Biely (1972) indicated a greater concentration of lysine was needed to maxi­
mize gains of broilers from 2-4 weeks of age at 31.1 °C compared to chicks kept 
at 20°C. Hurwitz ~ al. (1980) also indicated changing amino ac::.d require­
ments with temperature. Calculated daily amino acid requirements (mg/cal) of 
6-week old broilers were shown to increase as temperature increased from 12 to 
27°C. From 28 to 34°C there was a decline in the requirement. The lower 
requirement was reasoned to be due to a slower growth rate and increased caloric 
need at 34°C to remove body heat. 

Other studies have shown no difference in requirement with ambient temperature. 
Adams. and co-workers (1962a, 1962b, and 1968) found similar protein and sulfur 
amino' acid. requirements for broilers (4-8 weeks of age) held .at ambient temper­
atures of 21 or 29°C. Murillo and Jensen (1976) saw no difference in methion­
ine requirements for turkeys at low to moderate temperatures. Recent work by 
Charles -et al. (1981) with finis~ing broilers held at temperatures varying from 
18 to 27°C ~ndicated no interaction of protein level with ambient temperature. 
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Lysine Requirements of Market Turkeys 

In turkey diets, methionine:and lysine are used to determine the protein level 
in diet formulation due to their limiting nature. In young poults, methionine 
and lysine are first and second l~iting amino acids, respectively, in corn­
soybean meal type diets (Fitzsi~on~~and Waibel, 1962; Waibel, 1959). Corn­
soy diets for turkeys, then, cari'·be-"supplemented with methionine and lysine 
and have lower protein contents (Carteret al., 1962; Balloun, 1962; Balloun 
and Phillips, 1957). Since supplemental---;ethionine is usually economically 
feasible for meeting the methionine requirement, it becomes critical to esta­
blish lysine requirements for use in diet formulation to set the protein_l_e-v~l .. 

For older turkeys, reports ~re few. concerning the lysine requirement. For 'the 
8-12 week old male turkey the NRC (1977) states a requirement of 1. 35% (. 45%/ 
Meal) in a diet· containing 2'2% protein. Potter et al. (1981) found the same 
requirement level 'experimentally (1. 34% or • 45%/Mcalf. Kratzer et al. .(1956) 
reported a very low lysine requirement of .85% in a 20% protein diet irian 

_early study. 

For the 16-20 week old·- turkey a lysine level of .80% (.25%/Mcal) in ·a. 16.5% 
protein diet is recommended by the NRC (1977). Kratzer ~ s1. (1956) reported 
a lower requirement of .56% lysine using a diet containing 17.8% protein. 
Summers et al. (1966) found turkeys fed a 16.6% protein diet with • 68% lysine 
grew as well as those fed the same diet containing supplemental lysine or a 
diet with additional protein. Jensen et al. (1976) reported two rather 
different lysiue requirements depending on basal diet type used in the experi­
ment (.825 or .730%). The lower requirement was thought to be due to a higher> 
available lysine content in the basal diet used in that particular trial. 

A few reports have indicated .the lysine requirement to be much higher for the -· 
16~20 week old turkey. Warnick (1979) estimated the requirement to be .90%-in 
an 18% protein diet. Potter et al. (1981) reported a requirement of .97% 
lysine for the 16-20 week male turkey. 

The obj ect:ives of· the two experiment's presented in this paper were to· determine 
the effect of environmental temperature on the lysine requirement of growing · ·.J· 
turkeys, ages 8-12 and 16-20 weeks. These ages were selected as available 
information on the lysine requirements is quite variable. 

EXPERIMENTAL METHODS. 

The two experiments were completed at the Turkey Research Facility at the. 
Rosemount Agricultural Experiment Station. Both experiments utilized male 
Large White turkeys of the Nicholas strain in floor pens. The birds were 
reared under an intermittent lighting program. The experimental periods were 
from a.:..l2 a~d 16-20 weeks of age. When the turkeys were not on experimene~they 
were fed diets typical for their age composed mainly of corn, soybean meal and· 
fat with vitamin and mineral supplementation. During the week'prior to the 
start of each experimental period, the birds were weighed and sorted into·the 
pens such that the average body weight of the pens was similar. Po.ults from poor 
treatments in the previous experimental period were discarded, 
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In each experiment, a lysin!'!""deficient diet containing sesame meal and corn as 
the only protein sources was~used to assay the requirement. Diets for Experi­
ment 1 contained 54.6 and 23.6% sesame meal for the 8-12 and 16-20 week experi­
mental periods. In experiment 2 the amounts were 46.4 and 23.6% respectively 
for the two_age periods. The remainder of the diet was composed of corn, and 
supplements 'of vitamins and minerals. The protein -content of the basal diets 
was slightly high to assure adequate levels of the other amino acids. Varying 
amounts C>f feed grade L-lysine· HCl (98%) were added t'o the basal diet to form 
seven levels of supplementation. As an additional control, an eighth-treat­
ment group in each experiment was fed a corn-soy diet. 

In experiment 1, two environmental temperatures (45° and 75°F) were utilized 
in each period. In experiment 2, three temperatures were used. In the 8-12 
week period the temperatures were 45, 70 and 80°F. In the 16-20 week experi­
mental period the temperatures were 45, 60 and 75°F. Room temperatures were .. 
recorded during the experimental periods with hygrothermographs. 

Iridividual bird weights were taken at the beginning and end of each period. 
Feed consumption and mortality records were kept. Body weight, average daily 
gain and 'feed efficiency were the main criteria by which the effects of the : 
environmental temperature and lysine supplementation were measured. Only data 
for average daily gain will be presented herein. The experimental design was 
factorial with ambient temperature and level of lysine supplementation as 
factors. The lysine requirement within each environment and age period was 
determined using the broken-line least squares method (Robbins et al, 1979). 

RESULTS AND DISCUSSION 

Experimen't 1. 

The effect of lysine supplementation and environmental temperature on.body 
weight gain is seen in Figures 1 and 2 for the 8-12 and 16-20 week experimental 
periods,respectively. Ambient temperature and dietary treatment significantly 
affected gain and feed intake. Turkeys at 75° grew slower and consumed less 
feed than those at 45°F. The severity of growth and feed intake depression 
was much worse for the turkeys at 75°F in the 16-20 week experimental period. 
Average daily gain and feed intake for the turkeys fed high levels of lysine 
at 75°F were depressed to 81% and 79% of that seen for turkeys kept at 45°F, 
respectively. Turkeys fed the sesame meal basal diet with adequate lysine 
grew as well as the corn-soy control birds. 

To determine the lysine requirement turkeys were fed the sesame meal basal diet 
supplemented with different levels of lysine and the growth response measured. 
To estimate the requirement with the broken~line method the response curve 
needs to exhibit certain characteristics. The initial part of the growth 
curve should show a linear response in growth for each incremental addition of 
nutrient. The growth curve should plateau and no additional response be seen 
in growth after the'require~ent is met. The broken line method determines the 
requirement point (break-point) as the intersection of the sloping line with 
the plateau of the growth curve. 

The·data for the 8-12 and 16-20 week experimental periods appear to fit this 
general form with some imperfections. At 75° (both ages) the·growth response 



to additional lysine fits~ the bro~en line.model,better than the curve repre­
senting the growth respon'se ·at 45°-F. The growth response at 45°F tends to 
show some curvature r,.ear the break-point where growth rate fs slowing. 

The calculated lysine requirements for maximum gain for each age period are 
given in Table 1 and indicat~ requirement differences betwe·e~ environments. 
For the 8-:-12 week.ol,d turkey th~ lysine"._r'equirements were 1.26.and 1.14%, 
respectively, _at 7 5 and 45°F. The estimated requirements are lower --than the 
current NRC (1977) reconnnendaticm of 1. 35% (. 45% Meal). The requirements are 
much lower when related to energy content of diet, being .35 .and .32%/Mcal, 

-' . _( 

respectively. 

- ' 

For the 16-20 week old turkey, the total lysine requirement for maximum gain 
was .80 and .70% for the 75 and 45°F environments. The estimate of .80% 
(. 25%/Mcal) is the same as reported, by the NRC '(1977) although as related to 
dietary energy,content, requirements for ga~~ .were .23 and .20%/Mcal. 

The lower requirement in relation ~o energy at· 8~12 weeks could be due to over­
estimation of the metabo_lizable energy. content of the sesame meal. The meta­
bolizable energy (~) content of t~e sesame. meal (3990 kcal/kg) was calculated 
according to the m~thod presented-by Carpenter and Clegg (1956) based on 
chemical _an~lyses. Calculated energy content. of a similiar sainple. of sesame 
meal yielded larger _-value compared_ to the co_nv,entio-nal ME value (Devegowda, 
1981). ' ' 

! - ~ ,_.., 

Experiment 2. 

The effect of lysine supplementation and environmental temperature on body 
weight gain of turkeys is seen in Figures 3 and 4 for the 8-12 and 16-20 
week experimental periods, respectively. Ambient temperature and dietary 
treatment significantly affected ga~ns and feed intake. For the 8~12 week 
period gains at 70 and 80°F were depressed·to 91 and 84% of those seen at 
45°F while feed intake was depressed to 88 and 827. respectively. For the 
16-20 week period gains at 60 and 75° were depressed to 94 and 82% of those 
seen at 45°F while feed intake was depressed to 92 and 84% •. 

Growth responses (Figure 3) to lysine addition at 8-12 weeks for all three 
environments show some curvature in the break-point area where growth rate 
is slowing. The estimated lysine requirement (Table 1) for the 8-12 week old 
turkey at 45, 70 and 80°F-was 1.11, 1.10, and 1.24% respectively, A higher 
requirement was seen at 80°F with similiar requirements at 45 and 70°F. 

For the 16--20 week old turkey the growth responses to lysine at the'three 
temperatures are more variable especially for the turkeys held at.45°F as seen 
in Figure 4. Turkeys at 45 and 60°F gained similiarly at suboptimum levels 
of lysine; however, with adequate lysine the turkeys at 45°F outperformed those 
at 60°F. The similarity in response for the turkeys at 45 or 60°F led to 
approximately equal requirements of • 7~- and • 71% (Table 1) •.. At 75P the 
lysine requirement was . 78%. . ... _ · · 

The requirements determined in Experiments 1 and 2 agree well with each· other 
and tend to show that envir01;une~tal temperat\lre did affect, the requirement. The 
similiarity of requirement for Experiment_2 at 45 and 70°F for the 8-;-12.week 
period and at 45 and 60°F for the 16-20 week period may reflect the variation 
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about the requirement estimate. Lysine requirements in both experiments for 
the 8.,-12 week period appear to be lower than the NRC recommended level. The 
16-20 week estimate also appears to be slightly low in contrast to the NRC 
value and much lower than values presented by Potter et al. (1981) and War­
nick (1979). 

The low requirement estimates could be due to the method used of calculating 
the requirement. The broken-line method has been suggeste-d by Morris (1981) 
to underestimate the requirement. In a sulfur amino acid requirement study 
with laying hens, regression analysis indicated an increase in production to 
additional amounts of SAA after the determined break-point. In the above 
experiments statistically significant slopes in the 'plateau region were seen 
twice, in the 8-12 week period for the 45° environment (Experiment 1) and for 
the 70° environment (Experiment 2). The degree to which the broken line 
method may or-may not underestimate the requirement is unknown as few compar­
ative r~ports· are available for study. 

Another co'mparison may be made to demonstrate enviro'nmental effects on nutri- · 
ent requirements by determining approximate levels of lysine needed to pro­
duce a certain amount of gain in each environment. For example, using the 
8-12 week data in Experiment 2 (Figure 3), equal gains of approximately 102 
gms can be seen for the three temperatures. Interpretation from the gain to 
the dietary lysine level would yield dietary lysine requirement levels of 
1. 02, 1.18 and 1. 38% at 45, 70 and 80°F, respectively. In practice the gains 
might not be the same; if so, this comparison may not be valid. The compar­
ison does point to large differences in the need for dietary lysine where 
gain is not variable. 

In summary, lysine requirements of Large White male turkeys aged 8-12 and 
16-20 weeks were determined using a corn-sesame meal diet ·in two experiments. 

Environmental temperatures were found to influence the lysine requirement as 
determined by-the broken-line method. At 45°F the requirement (%of diet) 
was approximately 10% lower than that determined at 75 or 80°F for both age 
groups. At 8-12 weeks the estimated requirement for lysine was-lower 
compared to the reported value in the NRC (1977), while the requirement at 
16-20 weeks, with warm ambient temperatur'es, was similiar, to the NRC value. 

Acknowledgement: Authors thank the Minnesota Turkey Growers Association 
for their financial support of the projeC:'t and Merck, 
Inc. for their donations of feed grade 1-lysine·HCi (98%). 
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Table 1. Dietary lysine requirement for maximum gaiti' ·of· 
Large White male turkeys as affected 

by envi::otunental tempera~ure 

Age·Period (weeks) 

Experiment 
Number 

Experiment 1 

Experiment 2 

Temperature 
(oF) 

45 
75 

. 45 
60 
70 
75 

'.80 

8-i2 

1.14 (.32)1 
' ,-, j' 1._26 (.35) 

1.-11 (. 32) 
_·-·_~l-

. 1.10 (. 31) 

1. 24 (.35) 

16-20 

0.70 (.20) 
0.80 (.2~) 

0.73 (. 21) 
0. 71 (.. 21) 

0.78 (. 23.) 

1 . 
Requirements expressed as % of diet and, in parenthesis, as 

%/Meal metabolizable energy. 
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Figure 1. Effect of dietary lysine on the growth of male turkeys 
(8~12 weeks of age) at temperatures of 45°F (e) and 75°F (o). 
Lines represent the fitted broken-line used to estimate the 
requirement at 45°F (-)·and 75°F ( ••••). 
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Lines represent the fitted broken-line used in determining the 
requirement at 450F (-) and 750F ( ...... ). 
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SOYBEAN.- MEAL USE IN ANIMAL FEEDS 

Keririeth c. ·Lepley 
American Soybean Association 

St. touis, Missouri·· 
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Soybean m~al is the most widely used sour~e of supplemental 
protein for animal and poultry feeds of ariy feed ingredient 
in· the world. Soybean· meal got its start~' as a protein for 
human-food in the Far East centuries ago.· Th~ earliest 
recordings-of soybean meal usage go back to' about 3,000' 
years before Christ. However, its use as an important 
protein source for poultry and livestock feeds in this 
country goes,back only about 40 years. Soybeans were first 
imported into this country in the earlY' i800_~ ~:and: were grown 
as a.novelty crop for almost a hundr~<Lyea:t;"!?_.! __ After the _turn 
of the century soybeans were used just prior to World War II as 
a fill-in crop for the declining cottonseed oil production in 

- Southeastern United States. Some were also imported from 
China to be crushed in a plant on the West Coast. After 
World War I the crop was raised primarily as a hay crop. 

During the 30's, soybeans began to be used as- an oilseed crop. 
After World War II the value of the crop became apparent and 
soybeans were raised for the oil and meal content. Their 
use as a hay crop was phased out. The acreage expanded by 
leaps and bounds and it has now evolved into the largest 
single cash export crop in the United States. The standard 
pattern around the world is for new importing countries to 
start with soybean meal and import their needs. As their 
volume increases to the point they can utilize large quanti­
ties of both soybean meal and soybean oil, they will build a 
crushing plant. They then become soybean customers. From 
1965 to 1981 soybean exports increased almost four-fold. 
Soybean meal exports expanded to a somewhat lesser extent and 
increased at a rate of just over three times. Soybean oil 
exports increased approximately 50 percent. At the present 
time, our number one problem is utilizing all the soybean 
oil. There are many other oilseed crops around the world 
that compete directly for the edible oil market and as a 
result soy oil is the primary pr~duct to promote and export. 
These figures are found in Table· 1 · (18). · 

At the present time, over 50 percent of the crop is exported 
each year. This will vary from year to year depending on 
the size of the soybean and other oilseed crops and monetary 
conditions in the importing countries of the world. In 
addition, many countries of the world have oilseed crops 
of their own and soybeans are used to fill in the extra 
protein tonnage needed to balance out their requirements. 



Table 1. U.S. Soybean/Meal/Oil Expor~s. Calendar Year 

. 1965. > 

.1970, 
·1975- I 

1980 . ~-
1981 

Av. Annuq:l ·· : 
Growth 

Soybeans .. 
(Mil. bu. ) 
227.7 ~ ' 
435 . .Q 
435~2 
809 .1 .. 
ao2.o 

15.8 '>·. 

J.. L.. . 

Source: Oil World 4/30/82 

,·,·. ) 

~· 

I .j 

,. . 

. . 
Soybean Meal 
(000 St) 
2,170 
4,035 
4,17!) 
7,726 
6,692 

j. 

,, 

Soybean Oil 
(Mil Lb. ) 
1,219. 
1,501 

786 
'' 2 ;4,16 

1,893 

')- . ~· 

I -~-' 

. .. ·~ ~- ... 

..• 

~ 
I 



If we lo~k. ~t the tons of oil seeds produce'd throughout ~the . 
world we find·that soybeans supply over 50 percent of the total. 
Many of these oilseeds ~ontain large quantities of oil·so the 
amount of oilseed meals is reduced to substantially less tons 
than indic~t.ed·by the raw seed figures in Table 2 (18) . 

. ., . 

Table 2. World Oilseed Production 1981/82 

I . ' -. 
1000'MT ' % ~ .' -· 

soybeans 87,170: 52.4 
Cottonseed 27,590 ·:· 16.6 
Peanuts '12,480 ~ .(.: 7.5 
Sunflowerseed 14,228 8.6 
Rapeseed 12,_775 .. --.-. ..... -~ -- 7.7 
Sesameseed 1,985~- '' , ... 1.2 
Copra 5,135 3.1 
Palmkernels 1,590 1.0 
Linseed 2,373 1.4 
Castorseed 895 . 5 

166,221 100-.0 

Source: Oil World 4/30/82 No. 17 XXV:119 · '.: 

Those that find their way into world trade are illustrated in 
Figure 1 ( 9) . 

FIGURE 1 WORLD TRADE 
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Of the countries of th~ world that grow soybeans, the United 
states produces almost._two-thirds of .the total. Brazil is 
the second largest producer with approximately one-fourth 
the tonnage of the United·states. Brazil's figure below is. 
probably a little high for. the current year; ~we now think 
Brazil produced just over 12 mi.lJ,.i9n metric tons. China 
is the .third largest produce.J' of soybeans in the world and 
practically ~ll of it goes dire~tly to humari'use; howe~er; 
they are exporting some to other countries in Southeast 
Asia to earn hard currency. Argentina and Paraguay are well 
down the line. All of the rest of the countries of the 
world contribute less than 4 percent of the total ton~. 
These figures are found in Table 3 (18). 

Table 3. World Soybean Production 

USA 
Brazil 
china 
Argentina; 
Paraguay 
Indohesia 
Canada 
USSR 
All others 

000 MT 

54,800 
13,000 

9,245 
4,300. 

700 
690 
631 
500 

3,304 
87,170 

1981/82 

% 

62.9 
14.9 
10.6 
4.9 
... 8· 

;8 
.7 
. 6 

3.8 
100.0 

Source: Oil World 4/30/82 No. 17XXV:A49 
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swine consume about a·· thin~ _of the soybean meal crush in the 
United States. (Table 4) (2). Poultry of all kinds consume 
almost half of it. Ruminants are just below 20· percent and this 
is declining because byproduct ingredients, low quality protein 
meals and other materials including non-protein nitrogen also 
fill the protein needs for cattle and sheep. This is not 
necess·arily true for hogs and poultry. - All- -the other types of 
animals which include fish, pet foods, fur~beari~g animals and 
so forth, consume about 4 percent. 

Table 4. Soybean Meal Usage in US 

Swine 
Layers 
Pullets 
Broilers 
Turkeys 
Dairy 
Beef 
Sheep 
Other 

% 

12.6 
4.7 

21.1 
7.9 
8.4 
9.0 

. 1 

1981/f32 

32.6 

46.3 

17. 5. 
3.6 

100.0 

One of the earliest methods of processing soybean meal was to boil 
the beans and run them through a hand hydraul-ic press. This process 
is still being used in China. The oil is squeezed out, the result 
is a cake about three inches thick and 2 feet in diameter. , :It_ 
contains from 7-9 percent fat. The oil obtained is normally 
consumed-directly into human food in its unrefin~d state.· 

The hydraulic press was used in the United States -in early 
days; however, it is not being used at this time. ·After the 
hydraulic press in this country came the expeller system. 
At the present time this system of production is almos.t 
discontinued in soybean processing; however, it is used in· _ 
prepressing part of the oil from sunflowerseed and rapeseeds. 
In this system the soybeans are ground, tempered with steam, and 
forced through an expeller that squeezes the oil out of the product. 
The meal comes out in large flat flakes as big as pie plates or 
larger, and about a quarter of an inch thick. Steam and 
friction heat become the toasting/cooking process. These 
flakes. are then ground and moisture is added back to the original 
content. It is ground and marketed as expeller soybean 
meal. This product still contains about 3 to 3~ percent fat 
and normally is 41 percent protein. 

i' 



Modern soybean processing uses the sol vent extraction process in­
which the soybeans are cleaned, dried to less than 12 percent 
moisture and stored until they are ready to use. When needed, 
they are taken out of storage, run over a scaiper and each bean 
is cracked into several particles. (The ideal is 6-8 particles 
per bean.) Prior to going thtotigh-the roller mills, the hulls 
are taken off~ There are two methods of production. One leaves 
the hulls in with the bean paiticles and all go through 
processing, the other removes the hulls and by-passes them 
around the extraction process. 

The bean particles are then warmed up to about 160°F at which 
point they become soft and rubbery. They then run through smooth 
rollers which flatten the particles to about 10/1,000 of an 
inch thick. This breaks down the cell wall structure and 
allows the solvent to penetrate the flattened flakes. 

The full-fat flakes are then ready to be washed with a 
·solvent. In the United States, hexane has been the most 
popular sol vent. - The sol vent dis_sol ves the oil out of the 
flake. The dissolved oil is removed. Normally the amount 
of residual oil left in the flakes is reduced to about one-half 
percent or less. The oil portion is subjected to heat and 
vacuum, which removes the solvent. The solvent is recycled 
and reused. The -raw oil is diverted to storage and further 
processing. The meal portion contains about 30 to 40 percent 
solvent. It goes through a unit called a de-solventizer­
toaster. This unit adds steam heat to the meal and as the 
temperature rises the solvent evaporates and is removed by 
vacuum and recycled. The heat continues to cook the meal 
portion. The temperature gets up to about 220°F over a 
period of time. As' the meal comes out of the-de:..solventizer­
toaster it is then ready to be cooled, dried and ground. 

Tests normally used to determine the effectiveness of the 
processing include one for moisture, primarily because this 
determines whether or not the product will keep. The moisture 
content should be 12 percent or less. Ideally processors do 

.not like to sell soybean meal much below the 12 percent 
level. A flash point test is usually run to determine whether 
or not all of the solvent has been removed. Fat content is 
often determined to ascertain whether or not the fat was · 
removed from the meal and to measure the efficiency of operation. 
Ideally it is not desirable to leave high priced oil in the 
finished product. Protein is determined to measure the 
marketability. A minimum of protein has to be guaranteed. 
If the protein level is too.high additional hulls can be 
added to standardize the product>- Residual urease activity 
is quite often determined to measure the apparent adequacy 
of heat treatment. Ideally we would like to have a urease 
index between .02 and 0.02. 
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There has been some ihterest in the last few months in 
certain parts of the world in full-fat soybean meal, particularly 
in areas where there is a shortage of protein and high energy 
feed grains. One area is Western Europe where there is such a 
high duty on feed grains, importation is almost eliminated. 
They do permit the importation of grain by-products which.have 
a relatively low energy level. The use of·the full-fat soybeans 
compliments this situation quite nicely. 

Tropical areas of the world suffer from both protein and energy 
problems as these are not good grain growing areas. The energy 
materials they have to work with are comparatively low calorie 
compared to corn or grain sorghum. 

Dry extruders have been used to process soybeans in these 
countries. These got their start about 20 years ago as a method 
of preparing soybean meal on the farm using the farmer's own 
beans. One of the units, called the Brady Crop Cooker, could 

·be pulled by a power takeoff on the tractor. Another unit is 
powered by an electric motor. This unit has less mobility but 
is probably somewhat more efficient. Neither of these two 
units requires outside steam or moisture to process soybeans. 
The heat treatment is accomplished by the friction of the meal 
going through the extruder. 

With steam extrusion, the product is ground and steam is added 
to it in a conditioning chamber prior to going to the extruder.' 
These units are an integral part of a large mill requiring .steam, 
conditioning chambers, the extruder, coolers, driers ·and bagging 
equipment. These are used primarily for human food, snack foods, 
petfoods, fish foods and in some cases for starter feeds for 
calves and pigs. At the present time these units are.made 
by several suppliers. 

Another type of heat treatment is dry roasting. . The. 
first unit of this type on the market was called the Roast-A-Tron. 
It employed a heating chamber where a stream of soyb·eans was 
passed through hot air and in the process was roasted to the 
.right internal temperature. 

With the Roast-A-Tron there was quite a lot of variation .between 
the heat treatment of the various kernels depending on how close 
they· got to the heat source. In some cases they were burned or. 
charred to the ·point their feed value was destroyed.· This unit 
is no longer in production. 



This was followed by a~}arge unit called a Jet~Sploder which 
employs a jet o{ hot air flowing through a stream of soybeans. 
It takes about two minutes for the beans to pass 
through the unit.· At the. end of-the process, the beans are 
run through a roller mill that flattens them out into nice 
flat flakes. 'Three ·things happeti in ·this process. First, the 
beans are heated; second, the rolling process breaks the cell 
walls of the beans so the diges~ive juices can better penetrate; 
third, it reduces product density. This method is more efficient 
as it can prod~ce several tons of product per hour . 

.. - - "' 

The same type of production is available, from a unit made at, 
Winona, Minnesota. Again, a stream of hot ai.r·is passed 
through a layer of beans and cooking takes piace in the process. 
These are primarily designed. for dairy cattle or at a lower . 
temperature for hogs and poultry. It has. been well established 
that the optimum .. heat requirement for· ruminants is higher. than 
it is for pou~try or swine. 

Another type ·.Qf dry· heat treatment got its. start .at Colorado 
State Univers:l.ty by Dr. Harper and his group (19). There 
they used. a bed of salt heated to apprqximately 521 °F ( 272 °_C )·. 
Soybeans were blended into this.super-heated.$alt and left 
in there for approximately 20 seconds. This allqwed heat .. to 
penetrate through the kernel and cook the product. The 
soybeans were then held at this_ temp.erature for another 120·. 
seconds. The degree of heat treatment can be regulated by cthe 
temperature of the .·salt, the length of time the soybeans are 
allowed to stay in the salt,· and also the amount of. holding 
time prior to cooling. The heat treatment of the.end product 
can be well. controlled. A prototype of this process is being 
produced experimentally in the Minneapolis area. 

As we look ahead we see nothing on the horizon that will 
replace soybean meal; however, additional research will 
have to be conducted to seek the proper heat treatment for 
maximum utilization. Dr. McNaughton and his group at Mississippi 
State University .(13) did some very interesting time and . 
t~mperature research on soybean meal for broilers. Th~y 
found that commercial soybean meal had to be heat treated 
another-10 minutes for optimum growth in broilers. Their. 
results indicated. ·the. optimum: urease. index should be 
more than . 02 but l·e·ss than 0 .}0, and the trypsin· inhibitor 
level should be less than 7 m~~r6~~ams per milligram of 
protein. They also found samples of soybeans ground to pass 
through a 20 mesh screen but Beld on a 40 mesh screen should 
show a +a color valu~ 9.f appr_oximately +3. 20. . If the soybean 
meal inthe Southeastern part 'of the United States is under­
cooked for poultry, it probably is in the rest of the country 
also. At this time we do not have a good estimate of the 
status of heat treated soybean meal in all parts of the 
country. 

·; 
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Some research was conducted at Texas A&M with cannulated 
pigs. Two different heat treatments were used. One was normally 
heated and the other overheated. Both heat treatments p'i:-oduced 
the same weight gains and amino acid utilization.in hogs. 
This research is being repeated and further evaluated. 

We have 'known for several years there is an allergenic factor 
in soybean meal that sensitizes baby calves (3)(4)(10)(21)(22). 
This detrimental effect dissipates after the calves are 
several weeks old but is a real problem in the beginning. 

0 

·Individual calves can be sensitized to this allergenic '" 

factor. Some research first conducted in Europe (21)(22) 
indicated hot ethanol extraction prevented this allergetiic · , 
effect. Treating soybean meal with acid or alkali or additional 
he~{ (6, 7, 8, 11, 12, 14, 15 17) improved growth rate of 
young calves when these products were used in a milk replacer. 
Soybean concentrate (65-70% protein) has been an ingredient 
widely used in calf milk replacers (1, 6, 16, 20). The sby 

:'concentrate Contains much lower levels of the antinutr'i·tional 
and allergenic factors than soy flour or·soybean meal. 

We have known for some time through research at Kentucky 
(11, 12) and Iowa State (23, 24) and other universities 
that soybean meal was readily digested or broken down in the 
rumen. This ease of breakdown prevented large quantities 
from bypassing the rumen to be further digested from the 

'abomasum on down. It was also found that higher heat treat-' 
ment of soybean meal reduced the solubility of the protein' · . ' (-11, 12 17) and allowed more of 1 t to bypass the ·rumen.· · Tt 
was also found that treatment with tannic (17) acid or 
formaldehyde (17, 23, 24, 25) would allow the soybean protein 
to. bypass the rumen. Formaldehyde has never been approved 
by the Food and Drug Administration and the use of tannic 
acid is quite unpredictable. This highlights another need for 
additional research to be done on soybean meal. · · · "· · · : · · ' ' 

-in closing, soybean meal requirements are correlated; to meat 
consumption. See Table 5 (5). In the last five years beef 
consumption has decreased from approximately 125 p~unds to 
104. This is carcass weight. Veal consumption has· ·also 
decreased. Lamb consumption has pretty well leveled off. 
Pork has been going up; however, it has not gone up as.much 
as beef consumption has come down. Nevertheless, we would 
expect pork production to pick up some in the next couple of 
years because it is at a low point in the cycle at the 
present time. 
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Table 5. Per,Capita Consumptio~: 1 , 
Livestock, P.oul try, -Dairy Products and Eggs,_ ·un,i ted states 
1977-1981 . . . -· J - -- . -

Item 1977 ~· .... ~. - - : ~ 
1-978 1979 

t j\) 

. ·' 
--'" 

Pounds per person 
Red meat.-~-._ .. _-.. ) 
Beef. ..... :. : ., .... _ .. - . i2~. 9 
Veal ....... -. .- ..•• :. . . . 3 .;9 
Lamb & mutton .. -... : .. : 1. 7 
Pork (excl1;1~<{. ·lard)_~-- . 6:). ~-5-

- TOTA~ :-, , .. - 1,9-3. 0 

'- '2 ·_ 
Poultry *· _ · , -
Broilers & · .: · . • _ 
· other. chick-ens .. ' .~ 
Turkeys ... :' .~ ... ,· . _.~. 

Dairy Products :: .J 

Butter ......... , ..... . 
All cheese .. -...•.. · .. -
Cottage cheese .. :~ .. 
Ice cream:· ... ·.- : . .. -.· 
Ice milk· .... : . .... . 
Non-fat:dry mfli.~. 
Canned milk •. -. ·· · .... 
Fluid m:llk: · 

Whole-.:., •...... : •.... 
Lowfat ·and skim ... 
cream and- mixtures. 

Milkfat ... :~~ ... :.: 
Milk solids/non-fat-. 

Eggs ( # p~r p_er!?on) .. _ 

I 

4_4.8' 
9.3 

;4j'· 
.: .. 

. 16.2 
4. 8 , .. 

17.8 
7.9 
3.4 
4.5 

l70 .--0 
. 88.4 

5.6 
20.-1 
38.3 

272 

. ' 

1_?0 .1_ --
3.0 
1. 6-,:··: 

61.4 
186.!' 

' ~ 

. 47.5 
\• •>" 

9.3 - _L 

'4.5 
1.7:2 

4,. 8 
·-17-:.-7 

7-.9 
3-.• 2 
4.2 

-161.0 
91.5 
5.6 

20.4 
38.0 

278 

*1: civiiian-pop~iation-excludes military 
*2: -Ready t9 cook basis '- - ' 

) ' 

107.6 
2.0 
1.6 

70.2 
181.4 

51.5 
10.1 

4.6 
17.6 
4.6 

17.5 
7.5 
3.4 
4.3 

156.0 
94.6 
5.6 

20.4 
38-.4 

284 

-1980 

103.3 
1.8 
1. 6 1 

73.5 
180.2 

51.1 
10.4 

1981 

<:· 
" 104:-12 

.. ~-1 :9 
<'' 1.6 
- _],0.0 

11_7.a 
·' ' 

_,. '· 

51.9 
10.7 

4 .4, 
17.6 . ) .. 
4. 5 ' 

4.3 
-18'~.1 

'. 4.-3 
17.2 
7.0 

',3 ~-3 
4.1 

17.3 
7.1 
3.2 
4.0 

144.0 
97.9 
5;7 

19. 9. 
36. 6. 

-272 

·, ,-·, ' 

r 

' ·'. 
138-;0 

., 99.9 
5.8 

19.9 
36.4 

264 



Broiler and chicken consumption lias increased to over 50 pounds 
per person per year. Turkey consumption has also gone up 
substantially .. These animals are large consumers of soybean meal. 
Nothing indicates ·these .consumption levels_ will go down· and _.at 
the.present·time~we look for an expanding market for soybean 
meal £or poultry, turkeys ~nd swine. . c 

Fluid milk consumption has been decreasedf6r several years 
and low-fat or skim milk consumption has been.increasing, but 
not at a ~apid enough rate to compensate for the decline in 
whole milk consumptron-. :. Butter .. has· pretty well. leveled off. 
One. factor" involved in soybean ine'al usage. in; gairy catele has 
three or: four)months of production a dairy·· cpw' cannot consume 
enough_ feed of any kind to maintain-its body weight arrd 
adjust to a high rate of production. The diet should contain 
a minimum of non,_cprotein rri trogen and .. the ._protein should. oe 
supplied' :frofu natural sources~;· thus maintaining_ a ma:rket- for 
:soybean, m·ea1" or=:'other. natural proteins·. . : ~).; )":J.". 

· .' ._: ~ · .,;.: :~' · _ 4·:c .i':; · ~:· ~-,. ~ 

The world-wide use of soybean meal has expanded at a rate of 
about 17 percent. a· yearr·over the. last 12: yea_rs (9.); We_ . : 
would expect. this. to continue but at a ··lowe_r· rate as· there 
are quite a few· ·countries 'r.in'f•the '! wo·rld that" are just b-ecoming 
soybean customers. These countries are evolving from back-

been the 

yard ·production. into coinme'icial type poul-try· or swine p_roduction. 
The people who '· J • •. · ' • 

have their money invested .iil' large operations will· not . · . 
tolerate poor performance. As a result~.good rations have 
to be fed and this will require soybean meal. 

Regardless in which·country 
the name of the game is the 
and production of this food 
use of scarce resources. 
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SULFUR AMINO'ACID NUTRITION OF POULTRY:: :AN UPDATE 

David H. Baker 
Department of Animal Science 

University of Illinois 
Urbana, IL USA 61801 

The 1 i miti n'g nutrogenous factor in practi ca 1-type, grain-soybean mea 1 diets 
for poultry:is sulfur amino acids (SAA); ie., methionine plus ·cystine. Thus, 
DL-methionine or the hydroxy analogue of CL-methionine is generally fed at 
supplemental levels to both chickens and turkeys.· Numerous reviews have been 
written that deal with sulfur nutrition of poultry (cf. Baker, 1977). It is 
my intention in this review to update recent relevant research with SAA that 
is of practical significance to poultry nutrition. 

NEW SOURCES OF METHIONINE ACTIVITY 

Methionine hydroxy analogue (Ca) is not new. It has existed as a ,mark~table 
form of methionine activity for some time. It contains about 83% total SAA 
activity on a methionine activity basis, but somewhat less than thfs when 
assessed on a biological availability basis. With purified diets, DL-OH-met 
(Ca) contains about 60 to 70% bioactivity (weight basis) relative to DL-met 
(Katz and Baker, 1975; Featherston and Horn, 1974; van Weerden et al ., 1982). 
With practi c·a l diets, the bi oacti vi ty of DL-OH-met ( Ca) appears to be higher . 
than this·. The liquid form of LH-met (Mons·anto) exists as the free acid' and 
contains about 88% ·methionine activity, but less than this on a bioavailabilit'y 
basis (Boebel and Baker, 1982; van Weerden et al., 1982}, although Romoser et al. 
(1976) and Waldroup et al. (1981) observed SfmiTar molar efficacies of DL-OH- · 
met (Ca) and DL-OH-met.--

' . f '_'' • '~ • j \... r 

The work from our laboratory was designed to delineate possible reasons for 
the lesser bioefficacy of the DL-OH-met products than of DL-methionine itself: 
While the D-isomer of methionine is slightly less efficacious than the L~isomer, 
the :rev.erse i strue with OH-methi oni ne. Hence, L-OH-met ( Ca) is 1 ess active 
biologically than· D-OH-met (Ca), cf. Baker and Boebel (1980). The newer liquid 
form of DL-OH-met contains several OH-met polymers which exist in both linear 
and cyclic forms, and are.in equilibrium with each other. Boebel and Baker 
(1982) studied a freeze-dried preparation of OH-met polymers consisting of 21% 
OH-met monomer, 35% dimer, 30% timer, 12% higher-order oligomers and 2% H20. 
This product was decidedly inferior as a source of methionine bioactivity as 
compared with liquid OH~met itself (which also contained polymers, but not in 
such a concentrated form).,· Hence, this suggests that some of the polymerized 
OH-met present in commercial OH-met may not be efficiently utilized by the 
chick. ·Data from our laboratory (Boebel and Baker, 1982) comparing several 
forms _of methionine are presented in tables 1 and 2. 

Because broiler feed.mills have adapted to the technology of adding methionine 
to poultry diets in a liquid rather than a dry form, a new liquid form of DL­
methionine existing as the-sodium salt was recently introduced by Degussa 
Corporation. ~he product is 45.9% methionine 1Na). On a sulfur basis, DL-
met ( Na) is equa 1 in bi oeffi cacy . to DL-met i ts-e,l f (van Weerden et a 1 . , 1982; 
Anderson and Dobson, 1982). Thus, in using thi's- product, a metliionine activity 
value of 40% should be assunie·d.·· · ' · 



Table 1. Efficacy of methionine and methionine: hydr.oxy analog for chicks fed 
a chemically defined dietL 

2 ' 
Gain(-g} 4 % Efficacy 

SAA source and 1 evel Gain/feed (mo 1 ar basis·} 

.20% DL-met ~12 5a a --.·..,; .. - .22b . c 

.30% DL-met 1) 
~~ 33.9d .33e 

.40% DL-met a 
3 . 65.1 .50cd · lOO.Ob 

. 48% DL-OH-met ( Ca) . .3 . 39.9~ .4lbc . 87 .4b ±4.49 

.46% DL-OH-met (free ac1~) , .. . ; · ~ 33.6b .36b 78.0 c±4. 72 

.38% DL-OH-met (free acid polymer)3 23.3 .30 69.4c ±5.97 

Pooled ~EM 2.44 .022 

a,b,c,d,eMeans within a column not having a common superscript differ signifi­
cantly (P.<.05). 

1Data· are-m'eans of triplicate g'roups of five male chicks during the period 8 
to 17 days posthatching; averag·e initial ·weight was 53 g. 

2The basal cr;stall ine amino a<;:i_d:~diet (Baker 'et ~., 1979) was devoid of SAA. 
3Isosulfurous. to .40% DL-met. I 

4Multiple regression of chi~k gain (g) on supplemental met, OH-met, OH-met free, 
acid, and OH-met free acid polym~r intake was Y = -3.4 + 19.1 X1 + 16.7 Xz + 
14~9 X3 + 13,3 X4 (~ = .99), where Y represents chick gain and X1, X2 , X3 , and 
X4 represent DL-met, OH..:met, OH-met free aci_d, and QH-met free acid polymer 
intake, respectively .. 

Table 2. Efficacy of methionine and methionine hydroxy analo_g for chicks fed 
a Semipurified feather meal diet' I . 

Treatment 

Basal (B) 2 

B + .10% DL-met 
B + . 20%. DL-met 
B + . 24% DL-OH-met ( Ca) 3 '. 3 B + .23% DL-OH-met (free acid) 

. •' 

Pooled SEM 

Gain(g) 4 

a 
5.7b 

32.9d 
89.2 
62.5c 
57.1 c 

2.43 

Gain/feed 

a 
.12b 
.38d 
.61 c 
.52c 
.49 

.010 

% Efficacy ' 
(molar basis}-:.~ .. 

a 1 oo. ob · 
84.0 ±2.31 

- 76. 5c±2: 30 

a,b,c,dMeans within a column not having a common superscript differ· signifi-
cantly (P<.05). . 

1Data are means of se~:tuplic~te. ~roups o'f five male chick~ during the period 
8 to 16 days posthatching; average fniti.al w_eight was 8,~· g. · _ 

2The basal semipurified feather meal diet contained .11_% methioriine and 1~2% 
cystine from cystine and lanthionine. · · ~ ' · 

3Isosulfurous to .20% DL-met: (F~otnote 4 on next 'page). 

~ 

~I 



4M~l~ti.plecregre~sion,~of,chick. ~~in (g-(on su~p~e~-~~tal-·~~t·: -~H·~~~~. OH-met·~.· ~ 
free acid-, and OH-met free acid polymer intake (mmoles) was Y =· 6.4 +-
42.4 X1 + 35.6 X2 + 32.4 X~ ir = .99), wh~te Y represents chick gain and X1, 
·x2, ··and X3 represent DL-met, OH.-met, arid OH-met.free acid intake, respective­
ly .. 

FACTORS ALLEGED TO SPARE OR ANTAGONIZE METHIONINE . ~ - ~ ' •!·· 

Cystine. There' is little question- that dietary·'C_ystirie can spare methionine.· 
The literature. is rather clear that cystine can provide.·up to 50% (by weight) 
of the broiler chick 1 s dietary SAA requirement (Sasse and Baker, 1974) .. With 

·diets first limiting in cystine (rather than methionine) ·and cb~taining l~ss 
. than 200 mg/kg inorganic sulfate (from feed and water supplies)' supplemental 
--i-norganic sulfate (eg., Na2SOq or K2SOq) may elicit a small ga·in and efficiency 
response. Generally, however, the combination of feed .. ingredients (e[., fish 
products; dicalcium phosphate) plus water provide in.,excess p(.200 mg/kg soq 

1
such that·a: respoose in practice will not likely occur (Bakef,).977) .. ~ •, ' 

' ' , , >., , 1 J I , I,, , _ ..... / I ~· , , , 

1 --. • ' • •' I • ~ ~ ' '• :(' •' • - ' .\, ' 

Poultry·by-produc:t meal (if'itcontains the feather meal).and.feather._meal~a:re 
products rich in cystine. They also contain another.sulfur amino acid-~ .. 
lanthionine - which has some bioavailable cystine activity (Baker et ·al. ,· 1981). 
Thus, with ingredients such as these it is extremely important to give-cystine 
its full replacement-value activity when computer formulating on. a leqst-cos.t 
basis. ,. - ·' · c 

. ' :' '; .•· .. ,. ~- "' ·f '\ •. f . ) . .-

Choline.·· Recent·work by.Pesti et al. (1979,.1980) has beep interpreted to,sug­
g~?st.:that excess<.dietary cholinrcan spare the dietary need for-supplemental 
methionine in poultry diets. Were this true, it would make sense to increase 
the level of supplemental choline chloride and decrease the level of supple­
mental DL-methioriine ·used-in poultry diets, since choline is less expensive-at 
present than methionine~, Teleologically, because both choline (in oxidized··. 
form, as. betaine·)_ .arid methionine (in adenyl!lted form, as S-adenosyl-'methionine) 
are,jny9lved_metabolically in transmethylation reactions, it would-seem reasOn­
able that·.~choTinemighLexert a sparing effect on the dietary methionine re-: 
qutr.ement,, and ·v.i ce :.versa. · In practice, however, recent:evi dence from.) .' .. 
Austtalia~(Derilo:and_BaTn~ve;.l980), Utah (Anderson and Dobson~ 1982~, and:: 
Illinois (Baker et al., 1982) has indicated that excess choline does- nQt;J·iri'· 
fact, spare methionine in this manner. . 

':;'_ - i:) ' ~-~l~~~·." .4:·-f ; ,. -~ - .• 

The Illinois work invohied 1,230 battery-reared crossbred chicks. Experiment 1 
--emploj"ed a crystalline amino· acid diet in an effort to establish the SAA and 

choline need for;maxi~al feed efficiency of chicks during the period 8 to 18 
--d_ays posthatchin·g·. Six--graded levels of SAA (50:.50 weight ratio of methionine 
--and cystine) and five of choline (0 to 1216 mg/kg) were employed in a 6 x 5 

_··fact<;>ri,al treatment arrangement. ~ain/feed rati9 was maximized at 608 mg/kg 
,~choline:at all level.s.of SAA and at between .50 and .55% SAA at all levels of 

' cho 1 i e.. · ' · · i :i • ~ · .: ''-
r:... . _) u·d... :J 

'J -. ~'' 

'.' 

.. ·; 



Table 3. Performance of chicks fed a crystalline amino acid diet containing 
graded levels of'choline-.and methionine;;(Exper.~iment··l)'.> 

~--~-! ~TJ:,J )'t:. (1 •· ' ' ,,-., 1·, . ,t --:·, 

r-J- ,: ;";<·:·, :- :_.Dietary-cholin~~(mg/kg.) 2 \ ) 

.<::o '304~ 1 _. -_ --·~ ~-6o~f' '· 912-
-
Dietary 

SAA (%) G -- G/ F4 -- G G/f·4- ... - G G/ F4 G --Gj F4 
,_. 

:40 3 35.6 415 4fk 3 430:
1 

.\ 6-3- 488 i' : 6~., 
:45 · 5J.8 504

11 
·, 7_6.,6. 566, . 99._9 595 .102 

. 50 - ... 68:~'2 ~ 558~ 1 
'.) 83.1 ~ 606., -' 11 a_.;-,; _t)59, ' 1 ~0 

.55'' .'-70:1- 594: "10,1 -643. 107:' 668' 124'' 
c'-.60 · • 61-.o·-'565 :'Cilo: "~679:' .•103

1

''\,? 660' ''127'' 
.65 ·.·: ,l·· 69~.'7 619lfH:IlQ7 ·• 667 .120: ··698::··_ il7:_ 

51,.. ___ ) 62 -

592 . 1 02 " 
688 112 .-
721 . 121 ' -
703 . '113 '-

489 
'583 
654 
665 
635 

,,_. •• ,.'.._ • ,,
1 

:}: •• J ··:i·_). jl:"··lc..;j ~:.~;.]~~ 
682 115 ·.702 

~ ... - ~ .. •. • - - .• "'! . - :. ' . ' f 

l~ai~ represe~~~~eans~c/('t~ipl'icat~---g~QUPS.·bf~ S~~e~ male:chic:'ks during ttl'~ ,': 
period 8 __ to J~ Clays_ pbS,~batc~iDg; 1chi~ks ~eighed 61 g ~t day 8. All.chicks. 
had been prete~ted from days-5 'tb 8 6h a·choline~fr~e purified diet (table 1) 

. Gontai.nil')g .. 39%, DL-methionine'_and _.20% L:-cystin·e.- -'Tabular data, ie.,,_ gain._. 
(G) and gain/feed ~G/F) are expr~s~~~~jn_g·-~nd:g/kg feed, res~ectiVel; .. '. 
Pooled SEM for<G ang-,G/F .. were'_4.7 g·a~CI:23:5 g/kg, respectively. :.~ ·! '2 ' ' I, -• ': _.J ' ' ' ' I J \.. , • "' fc_' ~ ~ - ~ v LJ, . • • ' J ~ : ' l I 

.. Supplied by crystalline Ghol.ine chloride.c''~-1 _, 11_.,_:• ,_ .:.; ·-·· 
3 • ·-, ·.:~I '" 'l r . ..,,.... r ·; 'i '- ..-. , .. 

Contained .20% DL-~et ~nd' .20% L~cys; additiohs were made with DL-met. 
4aroken line SAA- r~~uirement e~timates based upon gain/feed ratio were: .5i% 

:'j(r 2 = .94).; :~·52% :(r 2 = .95); .50% (r'· 2 = .96.); ~50% (r 2 = .97) and .50% 
(r~- = .92) for~chicks fed cholihe le:ve]s of -0,. 304, 608, 912 and .. l216 mg/kg, 
respectively .. -,;: .::, :-' '1 ~: " . J .:;:~,_ ·. _; , ; ~.: 
~r·, : a~ 'J,' - ""; '!• ·~.-·.•J~, ~~ .~- .lvr •'j:. ~\/LJ 

·h·.)r;;:··· ::t-1 ,,i:· I· ~~~~; 

Anoth~r experiment:with· th~ purified diet involved three levels of~dietary· 
·- DL-methionine:. 0, .10 and .27% (in the presence of .27% L-cystine;·~.54% SAA 1 

tepresentin~:the minimal.SAA requirement for bjrds fed this diet), tcigetber· 
with three. levels· of··dietary choline: 0, 868 and 4340 mg/kg ... Neither.·gain 
nor feed ~fficiency responded to choline supplementation at the twocdefident 
levels 6f:~ethtonine, .. but .a~dr~matic response to choline occu~red ~t .27%~.·: _ 
dietary.methionine. _ .;2<;_· -J ~, . ·.:.)a) ::.o:· ·1 

, . \ 
• \ ~ l.; J ; • ... .. ~ 

'Table 4. Ef_fect of choline supplementation on performance of chicks fed two 
deficient and.an adequate level of methioninel _ • ·· . · .. ~, .... , •.~. · 

••# :~ f"\ ..... - 1 -· _·_)t_/('.2 ';' -~ .. ..;,:~,' 

• •• 1 _).J ,-·~ ·· ··. Dietary:choline·(mg/kg) ,_y, ~ . •-
.Dietary ;:··-: ... j~i .. :. o:; ·' ·"' 868'., ;-··: '.rl:. -4340· 

i L 'IJ \,. 3" ~- l - I - ' 

DL-methionine (%) · . •" ·.G G/F . r' G. - G/E . G .. · G/F 
0 _, 1. . '.-· 5.-3'' ·. -162 'J . ' 

.1 0 8.7 155 r'J 

.27 . 5,9 .7 4~2 

(Footnotes on next page)~ 

1:, 
3.9 -
9.9 

'119.7 

. ; ; - ,,., 

~:li'9' 
18] 
640 

,, 
II._! j ' -''"4:7,, .:.135 

8.6 159 
103.4 571 



l Data represent means of ~'tri pl fcate gro'uj:fs ·of ··seven ~male chicks during\ the;:> 
··· pe'riod -8- to 18 days· pa-s-thatching; 'averag·e irHtfal weight was 61 gat day ·8.­

Ga:+n -(G) and gain/feed (G/F.) data are exj:H'·essed· as g ·and g/kg feed, respec-· 
ttvel}.:~ .· :;1 :, _ , _ .. ·· _ . · ·· .. -::· .~~') :, ·· · .· .; :_-:· ., x/.: 

2 r ' '.t •, ' • ~ , .., ''- • ,- ." - '.-. - - ,-- ~ "' ') .~ ~ 'f -· ' "'" ,.! .- (•' ('"• ' . ' • • - ~ ;• r ' 

Suppl-ie-d by crysta.llin·e choline ch.loride. The choline:·'re'sporise was. signifi­
cant {R1<;.01) at the ad_equate level of methionine'.(:27%), but not at ,the,. t:wo 

___ defic;i,~nt. levels., · .· - · ." ' · ~~-;- ·._. -,
1 

· - · ·' 

3
The .ba-sal diet was cliol ine-free ·and .contained .27% ·tr:.:cyStihe. The methionine 
:response:.was significa'nt (P<.Ol) at all level's, o:f:.c'holine .. 

" . , : -i ·J f ; r~ ~: -. . · ~ · -~ ... · 

··Two .tr:iaTs with a 'pracelcal-type corn-soybean niealr~d-ie't''(B to 25 days_ post-
,.' ·ha·tchihg)·,employed five graded levers of supplemental'methionihe (0 to .20%) 

and thre_e-of supplemental choline (0, 217 and 4;34-nig/kgY.-- -Optimal performance 
'·occurred-at .10% supplemental mettiionine regardles·:s~·()f:cho~ine leiteJ,: arid at 

·''217=-mg/kg:choline at supplemental methionine feve,T~;'_bf'-0'and:~.05%. At 'ttie· 
. 10, . 15·. and . 20% sUpp.l emen.tal met hi on i ne feve,l s, r no. gain or .gain/feed ·re.sponse 
to supplemental choline was evident. It was thus a:ppC:frent~that wfth:'practical 
diets,'methibnine could spare chol'ine but that "choline~: could not:·likewise spare 
the dietary need for m,ethi6nine. , :_··~";··.·. · ·', · -~-· · 

Table 5. Performance 
ment's of suppl ementa 1 

" . ·~ .::. .. ' 

.:, . Supp 1 ementa 1 

. . ·-· 3 
methionine (%) 

' 0 
. '.05 

:10 
. 15 

' ;20'· 

v ~ 
f""'t' 

of chicks· fed a corn-soybean mea 1 diet with graded 
cho 1 i ne- and ·met hi ani ne ( Exper.1merrts~1 2' .and~-. 3) 1 

incre-

0 
. 

G G/F4 

276 581 
279 599 
292 622 
293 629 
302 644 

• "('. , ~ I - · !' , ... l-

Supplementa·l Choline {mg/kg:)~ :1 

273 591': ... ·-:-:·,;~: 
298 611- :.-J:f::Y · 
299 628 ~· . 'i 
300 635 
298 640 

. 434 \ 

r ,?. • 

274': '5'90 
'293 . 6i 9 
298 :• 624 
294 ' '628 
294 625 

1
oata represent mean~ of eight groups of five chicks (four male groups in Exp. 2 

. and four female groups in Exp. 3) during the period 8 to 25 days posthatching; 
male chicks averaged 62 g and females 74 gat day 8. Tabular data, ie., gain 
(G) and gain/feed (G/F) are expressed in g and g/kg feed, resp~ctively. Pooled 
SEM for G and G/F were 3.8 and 4.5, respectively. Gain/feed responded 
(P<.Ol) to both methionine and choline addition. 

2
supplied by a 60% choline chloride premix. 

3
The basal unsupplemented diet contained, by calculation, .38% methionine and 
.39r cystine (.77%· SAA);~and 980 mg/kg choline (using values bf 1820 and 
530 mg/kq choline for dehulled SBM and corn, respectively). 

4
The following interaction. between methionine and choline for G/F was signifi­
cant (P<.Ol): 0 and ·.05% vs •. 10, .15 and .20% methionine X 0 vs. 217 and 
434 mg/kg choline. 

' 
I ~ ' 



Lasalocid ... The jonophorous_a,ntkocc.id_ia-l drug,_._lasalocid:, ·h.as been shown td 
exert:a sparing effec:t".o11 SAA (.Ra.tel et al.;, 1979;-}'larusichand DeYo_un_g, 1_979). 
Work>frOJ1! our laboratory, (Willis and Ba_ker,.,.l~80) has CO!lfirmed that. lasalocid 
can indeed spare SAA, but only ~hen the diet is severely-deficient in. SAA; 
ie., just above maintenance le:vels .. ·.At moderate defici.encies of SAA, or of 

·~-· • ~ -- ,. ' \ ' ,, ' ,.- -, : '"' l l ~- ·. " . • ' ' - ' .- - ,. - • ' 
meth10n1ne, a-·SAA-spanng effect of-la·sa:locld was not observed when e1ther a. 
crystal'li;ne amino acid die't ·ar a;·»co'rn,-s·oyb'ean 'meal 'diet was· fed .. Interesting­
ly, the SAA level X lasalocid interaction could not be·'duplicated using monensin, 
a simiJar ionophorous ·anticocci.dia·t.drug.~ In any event,· th~. interac:t_ion ·is 
fascinating from a,n- acad~mic· s.t.a_nd.p:oi:n:t, -but ·appears to ha.ve ·no releyans:e. to 
practical nutrition of broiler chickens. · 

Cocci-dios.i-s.: Confus.ion. exi.~ts,with·· regard to· the effect of cocc:idiosis· on SAA 
requirements (Ruff~ l974;,Ruf~~t al~,. }976; Murrillo et al ;~ 1976; Harms et al., 
1.967)_. '"_A r.ecent study jnvolvi:n~d~odenal' coq:icliosis caused by Eimeria -. -
acervu.l ina· i nfecti on1 i ndicqt~.d rather cl ear:Jy that neither seve.re nor moderate 
infecti_on with E. acervulina ejther in.c:reased or: d_ecreased the chick.1

"S' .r.equire­
ment fo_rJ~S.AA.(W1llis.and Bakef,·l98l:,q):._- ·i~t_mos·t levels· of dietary SAA~,. "'. 
E. acervulina oocyst. ir')OcuJatjon ever:y three· days brought about markedly_ de­
pr~ssed performance· .. But similar_to the s·itJJation with 125 mg/kg la~alpcid,, 
oocyst inoculation of birds fed diets severely deficient in SAA yielded[ a -·-. 
marked gain and gain/feed response (Willis and Baker, l98lb). 
1 , , , j ( J : ;' o •:, < :• ~ '~. ' ·' , 1 , ! ) r ' 
Copper. Coppen _as CuS0·4 •SH20 is ·fe.d -a.t, 100 to 250 mg/kg: to both swine~ (:for: 
growth promotion) and poultry Cas-an antifungal to help control crop mycosis). 
Because in vivo, copper can tamp] ex with the free sulfhydral group of cysteine 
or glutathione, excess ·capper may exacerbate.SAA deficiency of chickens when 

,. marginal SAA levels -are present in the diet. Robbins and Baker ('198la, b) have 
demonstrated that the SAA requirement of ~hicks is increased when 25Qmg/kq 

-·capper, and especially when 500 mg/kg copper, is fed. Duodenal c6ccidiosis 
caused by E. acervulina increases copper absorption and deposition in tissues 
(Southern and Baker, 1982). Thus, it is possible that the SAA-antagonizing 
'effect of copper may be even more severe in. the presence of duodenaLcoccidi­
osis. 
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AMINO ACID BALANCE AND IMBALANCE: IMPORTANCE IN SWINE RATIONS 

r: 
David H. Bake'r 

University of Illinois 
Department of Animal Science 

Much· has· been :written. ·in the experimental nutr i tfoh liteta.ture about amino acid 
balance and imbalance. In ~eneral, the term ''amino ~cid imbalance" means a 
pattern of~d~etary amind acids that is out of balance. This could take _the form 
of a.sing~e ,amino acid deficiency (~g., lysine in·~esame meal) or of multiple 
a_mino acid.·deficiency (eg., gel.3..tin); but i.t could• ju~t. as easi·ly occur as a 
result of severe amino acid excess.es over and above certa.in marginal amino acid 
l_eve;l.s· ~(eg., excess lysine in relation to arginine. and· excess leucine in relation 
to isoleucine in blood meal). In fact, no intact protein even comes close to· 
having a perfect amino acid balance. 

. l 

Amino acid antagonism is a kind of ~mine acid imbalance in which, in addition to 
a depression in the voluntary intake of- feed,. a specific am(no acid fs antagonized 
or rendered less useful. Several ~xamples ~~antagonism-exist in the chick and 
rat literature. Thus, iri both chicks and ra~s, excess lysine antagonizes arginine, 
excess dietary leucine antagonizes isoleucine and valine and excess methionine 
antagonizes threonine and glycine. In the chick, it ~s known that excess lysine 
(1) induces kidney arginase activity, (2) inhibits liver transamidinase activity 
and (3) ·competes with arginine for· reabsorption fro~ the kidney tubule. Also, 
it has been shown in both chicks and rats that exce_ss dietary methionine induces 
liver threonine dehydratase activity and increases' the rate of threonine catabo­
lism. '. With 'excess leucine, no clear-cut explanati,on has been advanced to explain· 
its _interference with isoleucine and valine utili"zation. \ 

.. , 
The ptactical relevance'of amino acid balance ari~')mbalance has been dealt with_ 
before. Nonetheless, since several feed companies. are cur~ently' advertising swine 
feeds on the basis of minimization of excess amino::. acids, 'it wo.uld be instructive., 
to deal specifically with the potential ramifications: of ajri'ino acid imbalance for 
swine. 

AMINO ACID IMBALANCE IN'SWINE DIETS 

Is a~ino acid imbalance a practical problem in swine feed formulation? Obvio~sly, 

extreme examples can be cited where excess amino acids or imbalanced amino acid' 
patterns have caused reductions in rate and ef¥icjency of swine weight gain. 
But what about excess amino acids in the (al~ea~~~well ba~~Aced) corn-soybean 
meal diet? u 

" Among th~ indispensable amino acids found in exce~s.when cbfh-soybean meal diets 
are f~d at p&otein levels designed to meet the ~ee~ for the limiting amino acid 
(lysine), leucine, arginine and phenylalanine-tyrosine are found in greatest 
excess. Do· they cause problems at these excess_.l.eve.ls?c:: :Will performance be 

. improved by minimizing .the levels of these- excess_ .amine,_:_acids? The. answer is:· 
we simply don't know! Thus, despite the suggest·ion.:by some tha.t di.ets with 
"minimized e~cess amino acids" will perform better in the~f.eedlot_than conven~ 
tional corn-soybean meal diets, no convincing and ~neguivocal evid~nce has .been 
published to support this contention .. · The primary reason for.-bbt not having .the 
hard eviidence pro or con is that it is extremely difficul.t; (and very costly) to 



' • r 
-~1..--•'_ .• :. 

! ··, ,'\ ~ r ~ '1 . . . 
obtain solid evidence in this a~ea of res~arch~· and- fe~d ·companies are generally 
not inclined to put hard dollars into ~niversity research that will answer these 
kinds of questions. This is unders.tandable .given the competitive nature of their 
business. It is also, however, unfortunate. 

LEUCINE IMBALANCE 

Leucine :costs about $36. 00_· per kilogram.• ·.- To fe'ed -~xcess level·s of ·leucine· simi.lar 
to thos.e ·found 'in corn-soybean' meal die.ts· (and .higher- ,levels would .be. desirable,~ ' 
also) in experiments w.i th meaningful numbers of pigs ·would be- e.xceedingly· costly. 
Even th·en',. :one·.could question .the .extr.applativ:e r_elevance since the ·compl_eteness. > 

and time of absorption. from .gut to".bloodst'reain"';wOt:ildi.~be .different for. cr:ystalline' 
leucine than for the ·leucine- .bound in peptide linkage'' in intact .protein. Leucine, 
isoleucine and valine concentrations in' some coinmon swine feeds·tuffs· are 'shown ·in 
Table 1. '..~J .__ ·.:;:~· ~ ;·· '' ·•• ·• • , .· .1 ·'· , ... · 

'· --~; 
,....., -• l I 

TABLE l. LEUCINE, ISOLEUCINE AND VALINE CONTENT OF INGREDIENTS COMMONLY USED 
',, '·' ~- ·.IN' SWINE ·DIETS . - ··- · 

Protein suppl~ments 

. ' 
Blood meal. 
Corn gluten meal 
Corn glute~. feed 
Feather. meal' 
DOGS 
Peanut meal 
Poultry by-pdt.meal 
Meat a'nd bone meal · 

- ,. 
Cottonseed mea'i· 

• - !J 

Meat meal ·-~. 
Alfalfa. meal ' 
Distiil~rs sblubles 
Soybean meal 
Fish meal 

Grains 

-~~ -· 
~ ~·; : ~ 

.• 

CP 

80 
60 

'21 
85 
. 27. 

45 
58 
50 
4i 
S5 
17 

' 27 
44 
62 

-·. 

Corn 
Sorghum 
Barley 
Oats 
Wheat 

ll. 5 
~ 1+. 0 

lLO 

. ~. . ~ 

Leucine (L) ·· ·.isoleucine ·(I) Valine (V) 
.Ratio 

L/_I_-_ -. L/V 
... _;.,_; 

-_ 2". 7 
J. '6 

"4. 4 
' "3.2 
- 2. 4 

) . 

·I 

3.5 
1.1 
2.1 
3.4 
3.4 

1.00 
l. 40 
0.80 

_l:• Q. 90 
'6-~ 80 

_, ,..., -· 
•J . 

,, 

r, l~~ ... 
r --

~ 
.L',. 

~ 

--

\. . 

l. ~--
0.6 
1.2 
2.5 
2.8 

0.37 
0.60 
0.42 
0.53 
b. 50. 

._- !. ~ ... ! 

;_ -
., 

I 

-!.•• 

1.0 
~ ~ .. · 
4 .• 6 

'. ; ~ ~ • -· ~~- \_ - ~ : J - 1 J:' 1 

! l -~· ~ •• ) . ;--

·",' :· . ·- . ~.- ·• - - . 
11.4 -,-· l. 98, 

4'o9· _._3. s· • ., • 4. 

.::'"'' 3·.-17 1.90,.:.,. 
· ' ? .s ~,-: { _, 1_: 7 0 ~ rJ •. 

1 
fl 'j :~ 2 • 7 0 .2 .• 0 8 

2 • 6 2 • 0 0 ., - l. 3 8 ,_ 
.1.3 

2.7 
2.3 
1-.8 
2.~ 6, 
0.6 
1.2 

. 
0.42 
o:53 
0.62 
0 .,62 
0.50 

~.9L 1.64. 
--1.88 1.39 

) - -· 
1.85. 1. 33. 

l. 35_ 
•' t.; 

,1. 84 
l. 83 
l. 75 

1.83, .. -., 
l. 75···- ,, 

l. 3,6 l. 42 ~ .. 
1.00 

.., -:· -~ t J ··;.::,1 ' -' 
.. 2._70 .,:) .. -2.3]8 

2.33 2.64 
l. 90 l. 29 
l. 70 1.45 

J 
-.: 

l. 60 l. 60:. 

.. ' ( . 
There is ample evidence-with laborat~ry.:-species· fred pui-ifil~dld'iets that··excess levels 
of dietary leucine can impair. the.-body' s: capacity to- utiliZe~;:isoleucine and val:!-ne. 
The limited work done with;pigs, howey,er; ·has ·been less. ·tfian ~c;m~_lusiye. TJ:!u~-, , .. 
Minnesota workers founff th~t wh~!e ~xtess leucih~.~educed1pla~ma levels of~is6leu­
cine and valine'" very little: reduction-:' in' rate, an·d effic-iency.· oL gain occurred 
(Oestemer et al., 1973). French workers (Henry et al~t, 1976) ooserved the same 
results in~lasma, but concluded that a·doublingofthe ratio of leuci-ne tbi! 
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isoleucine in pig diets had no deleterious effect on performance. Neither of 
these studies, however, involved a great excess of leucine, 1.15% total dietary 
leucine being the highest revel fed. Thus, though it would be costly, pig studies 
with high~r levels of leucine need to be carried out before definitive conclusions 
can be drawn concerning leucine imbalance. 

ARGININE IMBALANCE 

L-arginihe (free base) costs about $28.00 per kilogram. Hence, it, too, is very 
expensive when used for swine studies designed to assess the effects of excess . 
arginine on pig performance. Data on arginine and lysine concentrations and their 
ratio in some common swine feedstuffs are shown in Table 2. It is obvious that 
arginine is found in excess in most feed ingredients, particularly in relation to 
the pig's estimated arginine requirement of about 0.24% of the diet (recent 
evidence from our laboratory, however, suggests the requirement may be almost 
double this level, cf. Southern and Baker, 1982). Some feed companies have sug­
gested that excess arginine in swine rations antagonizes lysine and that this 
manifests as reduced rate and efficiency of _weight gain. If this were true, it 
would seem wise to incorporate either blood meal or fish meal into the diet as a 
replacement for some of the soybean meal. Whether this would, in fact, improve 
pig performance is questionable. In fact, careful study of Tables l and 2 
reveals that use of blood meal as a replacement for some of the soybean meal 
would lower the dietary arginine:lysine ratio, but it would also elevate the 
leucine:isoleucine ratio. Hence, to minimize both arginine:lysine and leucine: 
isoleucine ratios, fish meal would seem a better choice than blood meal, although 
it should be noted that soybean meal, itself, has a minimum of excess leucine in 
relation to either isoleucine or valine. Also worthy of note, blood meal is 
extremely rich in phenylalanine + tyrosine, the other pair of amino acids which 
are in great excess already in corn-soybean meal swine diets. Hence, because 
of the above factors, because solid data ha~ not been presented, and because 
blood meal is known to be variable in quality and generally rather high in price, 
caution should be exercised in the use of blood meal for swine diets. 

Certainl~, with chicks and tats, it is excess lysine antagonizing a~ginine rather 
than arginine antagonizing lysine that represents the greater problem (Allen and 
Baker, 1972; Austic and Scott, 1975). In a recent University of Illinois ex­
periment (Hevea et al.·, 1980) 5% excess arginine did not depress growth of ·rats 
fed a 15% CP methionine-fortified casein-sucrose diet! On the other hand, lysine 
at 5% was growth depressing, and the depression could be alleviated by 1% addition­
al arginine. Thus, excess dietary arginine seems to be rather innocuous when 
ad.ministered to rats. 

r 

What about the situation in pigs? Little published data exist, but some·work 
has been done at the University of Illinois (Southern and Baker, 1981), Texas 
A&M University (Tanksley, 1981), Michigan State University (Miller et al., 1981) 
and South Dakota State University (Hagemeier et al., 1982). The r·~sults from 
the'se stations, taken as a whole, suggest thatthe arginine level' found in common 
swine weaner diets (ie., 1.3%) is not antagonistic to lysine Ia common ly~ine 
fevel in swine weaner diets is 1.0 to 1.1%). In fact, crystalline arginine ad­
ditions to bring total dietary arginine to a level of 1.6 to 1.8% (arginine-lysine 
ratio of 1.6 to 1.8) has had no deleterious effects on swine performance. Levels 
of arginine above 1.8% begin to depress feed intake and thereby also depress 

'weight gain. But the response pattern indicates simple am~no acid imbalance 
rather than amino acid antagonism. 

I 
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TABLE 2. LYSINE AND ARGININE CONTENT. OF INGREDIENTS COMMONLY USED IN SWINE DIETS 

Ingredient 

Protein supplements 

Feather m~al 
Peanut meal 
Cottonseed meal 
Corn gluten meal 
Corn gluten feed 
DOGS··· 
Poultry by-pdt meal 
Meat·+ bone meal 
Meat meal 
Soybean meal 
Distillers solubles 
Alfalfa' meal " 
Fish meal 
Blood meal 

Grains ·, 

Corn 
Oats 
Sorghum 
Wheat 
Barley 

,_.,_ 

(' 
I 

.; .i.r 

CP 
% of ingredient Ratio 

Arginine(A) L'ysine (L) · A/L 

,"'t 

3.90 
2.94 
2.76 
1.90 
l. 67 

-1.67 
l. 46 
1'.31 
l. 23 
1.17 
l.ll 
l. 00 
0. 68· 
0. 45· 

' .. 

2.29 
'2. 00 
l. 60 
l. 33 
l. 00 

;. 

'1 • ~- . '} 

A recent study (Table 3) from the I.llinois s'tatio.n- (S~uther,n and Baker,. 1981) , , 
took a different approach in that~ basal s~mipuiified diet containing 1.3% arginine 
and 1.0% lysine (Diet 2) was modified to contain onl~ ~80% arsi,nine together with 
the 1.0% lyiine (Diet 1). This lowering of the arginine level had no effect on 
swine perfor~a'~ce. In f~ct, .addition of 1.0% L-i:irginine' to give a total dieta-ry 
arginine coQcentration of 1.8% (Diet 3) likewise had no deleterious effects on 
either growth rate or feed efficiency. Only at total dietary arginine levels of 
2.3% apd 2.8~ d~d rate of_gain decrease-due entirely to a decrease i~ voluntary 
feed in,take,, s.ince feed efficiency was unaltered by these high (and totally _un­
physiologic) levels of arginine. The performance data of this_experiment are 
strongly supportive of amino acid imbalance rather than amino acid antagonism 
being r,esponsible. ~or the decre.ased performance in pigs fed the; ~two. highest leve,ls 
of arginine. , , 

-· - ·r- ... ~ r 

Plasma arginine and ornithine were iyt(;r~as~d lin~arly a~ di.etqr.yi_.argini.ne level 
increased;. plasma lysine, on tne oth~~· hard, decrea~ed as. argin.ine in the diet 
increased. Several other ~mino acid~'in plasma decreased linearly as well 
(aspartate, glutamat:e,. gl~u~a~i~e ;i ,Pr,oline; glyqine, ~~paragi~~;•. tyrosine, alanine, 
methionine and leucine) such that .it -cannot be concluded that plasma lysine was 
affected, specifically, by exce:;s _ die~a!-"y arginine. . _ . -,.- -

. ' 
Urinary excretion of the basic amino ~cids __ wa~ incree3:sed marke;dly _by the addition 
of 2.0% arginine. Twenty-four-hour output of cystine and histidine was likewise 
increased by the highest level of arginine addition: 
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TABLE 3. PERFORMANCE, PLASMA AND URINARY AMINO ACID CON):ENTRATIONS(p:f rP~GS :,~. 7,( 

GRADED LEVELS OF EXCESS ARGININE - . ~- .. --~ ----
----------------------------~-----------

Dieta_ry - - } '{~_:/ ·Daily',. .. Plasma AA {nmol e/ml), Urinary AA (j.lmc>le/24 hr.) 
'· 3 4 4. 0 4 . . . . 5 L .. 5 , u' 5 Cit

5 
Addit-ion . J gain.(g)2 G/F A·rg Lys rn "~·Arg-··J ys- '-··rn) -

(B) 6 
'. -. • < ~ ~- .,.!! 1, .• -J 

l. Basal 407 .579 108 158 125 21 94 29 3 
2 .. JB.! :. 5% ~L-Arg~ 407 .575 178, 123 180 177 ·- 480 209. 29 

._. -'-''-

:_ 244 3. B + l. 0% L-Arg __ ),97 .595 230 104 '. 237 ,.16.7 ' }.§1 34 
I, ' ' ~:. .._., ·:_ . 

4. B + l. 5% L-Arg 347 .585 265 82 268 220 144 l35 11 
5 ~ ;-B + 2. 0-% L,-J\rg. - 342 .555 367 83 319,_, 2145-- 16~?.·, 1757 120 , . 

... :· 
Poo-led ·sEM ' 11 .014• 31 14 10~8 413;:, .. 220 24 . - -

.. 1 p~ta are meanr 'of four repli.cates of 4 (performanc;e), ~. lP~_asf!!a) o~ :2, (ur;,~ne) _ pi~s 
·each; 'average_ initial weight was 6. 9. kg; 26-day fda~~ .. , ·,~, _ r. 

;Diets 1 to 3 not significantly different; diets 3 to 5 :...' lr-nea/ d~pressiori -(P<.Ol). 
N9,signifi~ant differences among me~ns. . ~ .. -r 

4Argi9ine 1in~~r. dfect significant (P<.Ol) using diets~l to. _5_-~;._ 
5The· me'an of dietL 5 wa·s greater (P<. 03) than the pooled', meiih~s bf diets 1 fo. 4. 
6 cori.~~in~E;!-9 14.:7%_CP, ,1._0% _lysine and •. 80% arginine. _,r, 

-~ -', \ •' ' ,, -

POTASSIUM 

' , •. - ~ - • ~ • - .:.:! • ! •. ~ ( . f : ; .. ! h • ... -~;' '\.. ~~ •, 

+t has been,known for some time that under certain dietary cond1t1ons, supplemental 
. p~tassium ~ah alleviat~ lysine imbalances brought about by ~dchng C~'xcess) L-lysi'ne· 

HCl, to diets for ,laboratory animals. Recent work from <;:ornel.}. .h9d suggested that 
(ex~es~) pot~siium ~i~ht exert a sparing effect on th~ di~ta~t.requlre~ent for lysine. 
With practical diets, however, no benefits were noted in Iowa·•'and: Michigan work from 
adding K 2co3. -W_l'?w lys~ne diets for weanling pigs (cf. ,.zJmme~rpan, 1982~ Froset,h. et 
al., 1982)'. "' · · · · • ·- · - '· · · 

: -- ;) f ~ I: •I . ~~ . ": •,; .~ _ ~·1 

It seems logical that minimization of excess amino acids_ in swine rations might prove 
bc;neficial to· swine performance.· However, t~ accomplish' th'is in pr;actice'·wi.'thout· 
materially increasing the cost of the ration is difficult' ... 111o~eover, the array of . 
ingredients that might be used to accomplish a diet with minimum excesses could · 
introduce other variables and thus other problems (eg., pal~~bility, bioavailability 
of amino acids and other nutrients, excesses of minerals, processing variability, 
inhibitor fa~tors). Hence, the simple fortified corn-soybean meal diet should still 
be considered the standard for comparison. Certainly, the complementary effects 
of combining soy protein with corn protein brin~ about an excellent pattern of amino 
acids for meeting swine amino acid requirements, resulting in only modest amino 
acid excesses. It would therefore seem prudent to formulate to given levels of 
lysine, using corn and soybean meal, keeping a watchful eye on dietary crude protein 
level and total dietary energy level. The available evidence -'suggests it would be ' 
premature at this time to formulate swine feeds on the basis 6f minimization of 
either leucine or arginine. ... ... 
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ANTIBACTERIALS AND SWINE MANAGEMENT 

Ronny L. Moser 
Assistant Professor 

Department of Animal Science 
University of Minnesota 

') 

For, three decades, antibacterial feed additiv'es have played a-major role in 
the growth and development of the swine industry. Antibacterials are used 
extensively as growth promotors in swine diets. Improved gains and reed 
efficiency are observed. These improvements are generally considered econom­
ically beneficial to swine production systems. Several an'tibac't~erials are _ 
available, each having been tested in numerous experiments. Research to date 
includes: level of antibacterial; comparisons among antibacterials·, and response 
of pigs during various stages of production. Modes of action are still under 
question. One theory put forward deals with the ability of antibacterials to 
suppress or control subclinical diseases. As production ~tresses ~ncrease, the 
pig is predisposed to greater incidence of disease. Antibacterials function 
to inhibit the growth of harmful microorganisms keeping diseases in check._ 

Several management factors related to disease control ~ill effect the degr-ee to 
which pigs respond to antibacterials. Claims and disclaimers have been made 
without considering some of these variables of production. ·These factors should 
be determined through research efforts. The results could then be considered 
wh~n recommendations are made to the pork producers that involve the use of anti-
bacterials to control subclinical disease. 

.J' ).' 

STAGE OF GROWTH 

The stress on the postweaning pig increases dramatically as weaning age decreases. 
This has become especially evident as producers move toward more intensive produc­
tion systems that require weaning at an early age. The pig must adapt ·to new 
facilities and pen mates, a change in diet and a greater pathogen level. The 
combination of these stresses results in a growth depression (postweaning slump) 
and a greater'incidence of disease. It is during this phase, that pigs respond . 

·best· to antibacterials used as growth promotants in the diet. The percent 
response decreases dramatically as the pig becomes older., Hays (19-79) summarized 
·several trials involving the use of antibacterials at various stages of growth. 
The percent response in pig gains was much greater during starter phase (16%) as 
compared to the combined starter and grower phases (10%) and the combined starter, 
grower and finisher phases (4%). Supplementing the diet-with high levels of 
copper results in a similar decre~se in percent response with increasing age of 
the pig. Wallace (1967) reported that starter, grower, and finisher pigs fed diets 
supplemented with copper gained 22.1, 6.5 and 3.6 percent faster than pigs fed 
control diets. 

DISEASE LEVEL - ENVIRONMENT 

The environment, especially disease level, surrounding the pig must be consiaered 
when evaluating the pig's response to an antibacterial. The response of the 
antibacterial is inversely proportional to the disease level of the pig and 
environment. Thus, a high disease level would afford a greater response. Hays 

' -''a-nd Speer (1960) ·investigated the effect of' two management systems arid the - · 
additon of an antibacterial to the diet for starter pigs (5.4 kg) on commercial 

I' 
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swine farms. One management system involved emptying and cleaning the house, 
after which all pigs were mov~d in and starte·d 011 trial- at the same time. In 
the other management system, individ~~l pens·w~re cleaned as pens of pigs were 
allotted to the test at different times. The l10use was not empty of other pigs 
prior to or during the trial. 1-'he,~ddi.tion of; an. antibacterial (spiramycin, 
50 gm/tcn) to the diet improved pig:gaf~s in both management systems. However, 
the percent response (as compared to-, c-~ntro-1) :wa.$ si.griificantly greater for pigs 
in the suspected poor environment ~75%),.: than ··for" pigs Jn the good environment 
(33%). Wachholz and Heidenriech (1970) reportecj. a greater response to tylosin 
in starter, grower and. finisher pigs_ raised on dirt lot$,that had_ been used 
previou~iy for pig productio'U '.a~' ~ompar~d t'9 a ,new e~yfronment~liy. controlled 
confinement faci~ity ·~~§lble 1) ·;.- -. · ~ ... ,_,: : · •.:~- ·. "~:; · . · 

,~.-~ :-·,-..: .... t:-_ ,_1 •·. __ -~a-· ·!·· 

Table 1. . Antibiotic x Environment in Growing Pigs. 

';,_, ~--~ l .. ~. _l! ~ -

_. __ . 

•. ...-_:r,·,·· :J 
% Response in' Gain 

,' ,. l · · · Starter·· · G'r'ower -Finisher 
- ! .. ;---

'·· ·:f3 .,·. '·. 1 ·'• ,: 
~~: 21 . . . ' _.')] 

1: , I ..... -,~ ,' ,, ( • 
1 

'l, 

New.confinement facility 
• • J ,,_ • ~ ~. • - • ' --

Old dit;t ~ots ... _ 
,. ,· , r 

a 
Adapted from Wachholz and Heidenriech, 1970 . 
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The response of,. an~i.bacterials as ~ffe-~ted b/_ envir~~~~nt has raised disc-~s~icms 
-of ~a~io'us'. intensity about the "true" resp'onse. in g~owing pig~ •. R.e'search conducted 
at unive;-sit~es. ·have c~nsistently.,$howed .lower:· responses to. ai1tib.acterials ·than 
research conducted by pharmaceutical 'compan~es on commercial,-farms in the field. 
The latter group contends that the l~wer-respons~ observed by the universities 
is due to a generally better management. The response to tylosin is. dependent "' 
upon type of facility as reported by Natz (1975) from a review of tylosin·finisher 
efficacy data co11ducted by Elanco. On station,~university_and field trials 
reported a percent improveme~t of 2.0, 3.4 and-6.0% :in gain to market weight and 
0. 7., i.9 and S.Q% in feed efficiency, respectiveiy . 

. ) . 
A trial was conducted at the University of Minnesota Sourthern Experiment Station 
at Waseca to investigate the effects of the addition of antibacterials to the 
diet of start_er p_igs subjected to a less than. ideal environment. After weaning 
at approxiroat~ly .32 days of age, starter pigs were allotted to partially slatted 
concrete p~ns with open partitions in a facility designed for 'grow-finishing pigs. 
The feeders were too large, but the pigs were able to eat with some difficulty. 
No pigs died d~ri~g the. 28.:.day trial but gains were low (.49. pounds/day).· Pigs 

- -· • • - '.l \ '..! • 

fed antibacter_ials gained· 33. ;3% faster. than pigs fed contra],', diets. This percent 
response is higher. than would be expected "for $tarter: pigs fed antibacterials 
in more ideai con~itfo~-s~ . .lt- ·:·; -:~·. : .,. , , , 

. ' ' ' .,; ._1 - 1 ""4~ . ' 

Improvements in performance can be much greater in the field 'under practical 
conditions than in a controlled research facility, the latter having more hours 
of labor per pig, more all in all out systems, longer clean up time, fewer pigs 
per pen, and only healthy pigs on trials. Sainsbury (1975) has reported thar-~ 
percent improvement in: gain is higher f9;- un!'tea,lthy pi~W· (30%) than healthy pigs 
(10%). . ' ' 

The relative improvement in growth- rate resulting, from .the addition of antibac­
terials to the diet is inversely proportional to the gr~wt'\l'._!ate of, the conti:-.91 pigs 
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when the improvements are expressed as a proportion of the controls (Braude et 
al., 1953 and Melliere et al., 1973). In cont.rast, Jones and Tarrant {1982) 
have reported evidence that the improvements in gain from the addition of tylosin 
to the di~y is constant over a normal range of growth_rates of control pigs if 
the.improvements are expressed in absolute terms (gm/day) and not as a propo,rtion 
of the controls. These results suggest that the efficacy of tylosin is not 
dependant on the performance of the controls. Nevertpeless, producers can expect 
a decrease in response to antibacterials as improvements are made in the genetics, 
nutrition, herd health and facilities of their production systems. In fact, a 
well managed system may produce an economical benefit for the reduction of 
antibacterial usage, especially during the stages of growth where the response 
is already low (e.g. finishing). 

SPACE ALLOWANCES 

Optimum-floor space allowances have been established for various weights of pigs 
housed ~n confinement. Pig buildings are designed with,a predetermined_ number 
and size of pens to allow the appropriate space per pig and. to accommodate the 
f~ow of pigs through the building. However, even in the normal management of a ' 
swine operation, crowded conditions can occur and may be due to: 1) the ,inflexi~ 
bility of a permanent pen arrangement, 2) the need to keep the buildings in 
constant use which results in periodic overproduction of pigs, or 3) certain 

'groups of pigs may experience an extended number of days to market weight. 

Depending on the severity, a crowded condition will d~crease feed intake, gain 
and: 'feed efficiency of growing pigs. Therefore, the establishment of the optimum 
space requirement for pigs is essential to maintain maximum performance. Accurate 
assessment cif' space allowance may be dependant on a number of factors such as: 
group size, 'season/environmental temperature, floor type,- ciir nio.;'ement, feed and: 
water availability and social structure of a pen of pigs. Because _of the greater 
stress, pigs experiencing crowded conditions may have a greater response to the 
addition-of an antibacterial to the diet than pigs allowed-optimum floor space. 
This station has conducted several trials with starter and -grow-finishing pigs to 
determine-the interacting effects of antibacterials and space allow~nce. 

Three trials (15 replications) were conducted at two stations using starter pigs 
in raised nursery decks (Moser et al., 1982b). Pigs were allowed either 1. 5 or 
2. 5 sq. ft. pet pig and fed either a corn-soybean meal cont-rol diet or control 
plus ASP-250 providing 100 g chlortetracyclin, 100 g sulfamethazine and 50 g 
penicillin per ton during a 28-day feeding period. Pigs fed ASP-250 had greater 
gains, feed intakes, ar1dfeed efficiency than pigs fed the control diet. Space 
allowance had no effect on the performance of pigs during the first week. For 
the-total test period, pigs allowed 1.5 sq. ft. per pig had lower feed intakes 
and gains than pigs allowed 2.5 sq. ft. per pig. The response of pigs to 
-ant'ibacterials was similar for both space allowances, 11.9% improvement in gain 
for_ pigs_ allowed 1.5sq. ft. per pig and 17.8% for pigs allowed 2.5 sq. ft. per· 
pig (Table 2). Even though percent response was not greatly affected, the perfor-

. mance of c}owded pigE1 fed tpe antibacterial was similar to that of pigs allowed 
,optimal-floor space and fed the control diet. These data suggest that the addition 

of antibacterials to the diet would help to overcome the poor performance resulting 
from the crowding of pigs; however, even greater improvement in performance can 
be achieved if pigs are fed antibacterials and allowed optimal floor space. 
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Table 2. Space Allowance cfnd An~i-bact,erials for Star:ter Pig·~ a 

Performance 

Week 1 
• I ' • 

·Avg. daily gai~·· (lbs) b 
Avg. daily feed (lbs) 
Gain/feed 

Total 28-da:z: period 

Avg. daily gain (lbs) be 
Avg . daily feed (lbs) be 

. Gain/feed,., - ) ., 

-·· ', ... , 
l.Ssq. ft./pig" 

Cont'rol 

. 17 

.59 -i·, 

.29 

.67 
1.23 

.55 

C '+ ASP-250 

.-.~· 

.21 
"'.60 
.35 

.75 
1.34 

.56 

:summary' of _three trials; 15 replications:-_· 
Significant effect of antibacterial (P • OS). '' r-

cSignificimt ·effect of space allowance (P -.OS).·· '' 

.~ ~ I 

2.5 

ContrOl 

.17-
, . 

.61 

.28 

• 7 3 
1.34 

.55 

I '-. 

sq. ft. /pig 

c + ASP-250 

.30 
;68 
.44 

.86 
1.45 

-
.59 ) • .l 

Grow-finishing pigs experiencing a crqwded condition show no advantage in improved 
performance when an antibacterial is fed. Three trials (7 replications) were 
con~ucted at two. stations (Moseret al., 19.82a). Pigs were allowed 4, 3.5 or 
3 sq-. ft. per pig during the growing period and 8, 7 or 6 sq. ft. per pig during 
the finishing period and fed,either a control diet (C) or control plus virgini­
amycin (V). at 10 grams-/ton-. -Space allowapces were acheived by varying pen size-:, 
Number of pigs (9) and feeder space were constant for all pens. Pig gains and 1 

feed intakes decr:eased linearly as. sp?ce allowance decreased (Table 3). The 
addition of virgini!lmyc_in to the diet had no. effect on pig performance. -Pigs. , . 
fed a diet with_ or without antibact~ria;ts responded similarly tp varied space~;' 
allowance. These data suggest that the addition of virginiamycin to the diet 
was ineffective in overcoming the decreases in performance. in grow-finishing 
pigs experiencing crowded conditions. It might be postulated that a response 
to antibacterials would b~ observed if the number of. pigs per_ pen were increased 
to more closely mimic practical conditions. A study is in progress to ~~vestigate 
the response of.pigs.fed tylosin and experiencing crowded conditions with 19 
pigs per pen. 

~ 4 r • 

Table 3. 
. . a 

Space, Allowance and Antibacterials for Grow-finisher Pigs ·_, 

Space allowed (grower-finisher) per· pig (sq. ft.) 
~· 4 -"8. ····3.5 -.-.7 6 3 

Performance- ,[. 

' . b Avg. daily_ ga1n (lb~)b .. 
Avg. daily feed (lbs) 
Gain/feed 

,r 

c 
1•59: 

-· 4.81 
~ ~ ~ 

.32 

v ' c ... l i v 
i.S2 '-' -1~4s'··;'1.48'· :s·:.zo- · -.. ,,. ~;J4.76' 4.63 
'~ 30 . • 31 • 30 . \ r · . , 

:summary of three trials; 7 replication?. 
Significant effect of space allowance. 

!:_ .• , .... 

c 
'1.48 
4.69 . 

.31 

~v 

1.45 
4.61 

.32 

r 
i 
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COPPER AND ANTIBACTERIALS 

High levels of copper in the diet for growing pigs have been used for several 
years to improve growth rate and feed efficiency for growing swine. The most 
widely ac<;ept;~d theory for its mode of action is its bacteriostatic effect on 
the.int;estinal microflora of the pig. Recently,_this station has conducted 
several trials to compare the response of copper and an antibacterial and to 
dete~mine if ~n-additive response can be achieved by fe~ding copper .and an 
antibacterial in combination (Hageu, 1982). 

Table 4 shows the results of five trials conducted at four. locat~ons with 
starter pigs fed various levels and types of antibacterials. Pigs.responded 
similarly to copper and the antibacterial with the exception of trial 2. In 
four of five trials even greater improvements in performance were shown 
when the combination was fed. The copper - carbadox combination.showed 
no added response. The greatest response to the combination was in pigs experi­
encing the poorest environment for starter pigs (trial 5). It can be concluded 
that starter pigs fed high levels of copper showed improved performance similar 
to pigs fed antibacterials, and that the combination of copper and certain 
antibacterials promote an even greater response than either fed alone. 

Table 4. High Level Copper and Antibacterials for Starter Pigs 

% Response in Gain 

Trial Antibacterials Copper 

1 (St. Paul) 11 13 
2 (St. Paul) 0 30 
3 (Rosemount) 13 18 
4 (Rosemount) 31 30 
5. (Waseca) 23 26 

Trial 1 - copper, 125 ppm; chloretetrocycline, 20 gm/ton. 
Trial 2 - copper, 250 ppm; chloretetracycline, 50 gm/ton.' 

Combination 

21 
37 
35 
31 
51 

Trials 3 & 5 - copper, 250 ppm; chloretetracycline, 100 gm/ton; sufarnethizine, 
100 gm/ton; penicillin, 50 gm/ton. 

Trial 4 - copper, 250 ppm; carbadox, 50 gm/ton. 

CONCLUSION 

Even though the efficacy of antibacterials is widely accepted, the degree to which 
pigs respond will vary and is dependant on several environment and management­
related factors. Pigs respond better to antibacterials during the starter phase, 
with the response decreasing with increasing age. The response is greater if the 
pigs are unhealthy and/or subjected to an environment that is less than ideal. 
In these situations, the subclinical diseases are controlled and improvements in 
performance are observed. Antibacterials benefit crowded pigs during the starter 
phase but seem to have no benefit for grow-finishing pigs experiencing crowded 
conditions. Copper and antibacterials fed in combination result in an additive 
response in pig performance as compared to the response when either is fed alone. 
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"Order and simplification are the first 
-of a subject. The actual enemy is the 

steps toward 
unknown. II 

ji .· :n ·• 
Thomas Man11 
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Th~~con<;ept .o~ simul~tion is both simple and appealing. The operator of a 
simulatiori ~ah experiment with systems (both real and imaginary) cont~olling qr 
altering processes in a manner otherwise impossible or impractical. 'As a result 
of these expiriments, the operator becomes more familiar with the beh~vior and 
operation•df the system if it exists, or of the faults of the imagina~y syste~ 

without requiri~g its physical existence. Recall the near flawless first fligh~ 
• of the space ihuttle, a network of complex systems for the ~ost par~ designed 

and tested through the application of simulation techniques. Simulation thus 
becom~s qne of the most powerful analysis tools available for use by _thqse 
responsible,for the design and operation of complex processes. Are_the biolo~ 
gical.processes of the pig any less complex than physical processes of. the space 

.• 1shuttle?. -

Simulation can serve to enlighten or mislead. Like any tool with some dependanie 
on_ art for lts proper application, simulation.is capable of ·producing either ~ery 
good or very bad results depending on how it is used. It ·is of paramount impor­
tance that.-the operator (and to a lesser extent the consumer of the results) of 
a simulation be painfully aware of the implications of the various assumptions 
which must be made, the strengths and weaknesses of the approach and the sundry 
pitfalls, in addition to the more apparent benefits. 

Scientists tend to have simple goals and are in ~act forced to tha~ end_by a 
major_precept of the scientific method which requires that the pbjective of_an 

._experiment be resolved to the simplest possible level. Producers have complex 
'.goals. The attainment of these goals requires synthesis of informati_on obtained 

trom intermediate.objectives. To succeed, the producer~ must somehow consider 
all factors in the correct-relation~hip and simultaneously. 

Presenting advice on the relatively simple intermediate goals such as growth 
rate or feed conversion ratio is not adequate from the producer's vi~wpoint .. 
In addition it is an unsatisfactory method of transmitting and interpreting 
th~ ~~ount of scientific information we currently have available. , . 
The Model 
r ' .: -, ' • ( r ' :; ~ ~ . ) 

The ma,thematical formula-tion of the model currently b_eing studie~ a.t the 
University of Minnesota_ is a composite_ of a swine growtli model. devel<?ped in 
Scot~aQd (Whittemore and Fawcett, 1974; Wittemore, 1976) and a m~~el ~f pig heat 
lo~Si~n- relation to .environmental factors (Bruce and Clark, 1986). Exte~sion 
af1d: enhancement of the _model has proceed~d primarily .in t_}~e dtr.ectio?, .qf,;_~ncreasing 
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the live weight range .over 'whi~c_h,:..j:~e,JnRqel .. is ';!Se~ul. Our particular concern 
is with the weanling pig in the,;.5: ~:o,}9 ~~-·w_y._i.g~t range and with the response 
of the pig to cold environ~eflt~··: ;,~':1. .,, -~.~-J:;(,._,; 

.J • ~ -: I ~. - . i .~ "i -; I j:. -. 
The various parameters and inputs availabl~ for alteratton by the user are 
shown in table 1 and the predict~d ~outptits- are listed. in· table 2. The association 

' . . ' ,. . ' . . 
of inputs with outputs is not done through a collection of emR~r~G~l, ~e~~t~on~hips 
but rather are.derived from an analysis of the ca~~~l forces'indicatea·by the 
body ·~f ~n~wl.edg~,,regar9if}g ~~~ .biol~gy.o:~·f:.the. pig::' .. : ,.:;_· ._"1:~..,._0 u . 

•• J j .p >; ·~ I ~) .. _} C' ,. -:..: L- r -_,. ~ 0 ,' c. j j J :~ r ~ \ : '}• ~.I,: -~ ,7: ,· :.. . 1 () 
Nutritional information is provided to the model in terms-of protein aqd ene~gy 
densities of th~, diet:-"' Alt,hough this m~y_.se~m ,too simpli~tic. rt"appears quite 
satisfacto;_:y .within the narrow range·· of ingredients commonly used. - Protein 
qua 1 i ty. considerations ar.e madi:fthrougJ:l':. tRe<!udec6f·'cheiriica i' score(·and -d:i!ges tl-

- biHty .adjustments· to diel:i:ify prdt~iri' 1 thtis~:·aererrrl£rii'ng· tfi1e'1amounf'off prOtefr(· 
availab:t:e'forsyilt'hetic protesses:''···j· ' -. ~\r,j~· .• -,,r:'>:r ·,' ."!; ,. ,;· • ,, ·, •.'1'!' 

··',.l-1: ~-.y' '-~f;,. ~....,. o~J ;~.. n-, ") ' ' -;~ )( ;·' J. :•qu !J. .. - ,'' ! ': .. ~ .... · .. ;, .. ·1 :_~,!: f .rr 

Metaool:lzable energy ~yaf-l:abl'e rdi use 1 ts,est:imated from 'the d:i:gestibte 1 energy 
'co~te)lt of the di~t after oadjJstme'rit for· €1ie·eriergy .. coiit'ai:ried .±I\,.prdtein arid-' 
that ·ga:i:ned':fronPdeam:i!riation :of 'unused prote:ln. : <, '; J,: · ·' ~ ) -:" · .•i · 

i~d~--, .-··.i ... ,J-~.r : .:..~-~ "".·:~i ~.-{_."'•J fJ~ ~ ·~;.ti:~i1~::! 1o ,-;0tJG_~r.t-;{}:· ~J,I'J C"l1i: !'·_; ... ~-,-~ 

With ·?es~e~f to the·en~~f&nmehtai 0ed~~~def~fio~~: thr€e'i~~n~~~ 6f R~~t-l:6s~-· 
from the:'pig he"considered: ·'radiat:i:o~~i-'coii~ect·:i!on and· conduction.()!tieat ;loss 
v:iJa e'achl()f 'these·)a{/enues is::estfrriated<.f'rom :the physfccll Jpa-dtnet'ets-df fhe'­
environ~ept which impinge on that ~ode .qf heat loss ~~e.g.~ a~r ~elocit§ irift~~nces 
convection but not conduction): · ·,. : .. · ·- · -" -~;, ·, · 

t' -~i .n.~-~~ J _ · ~~ \ ·;~'JL,; 1Cr·; ,.;. '·~'..!1 ·'·)" (,,; ~-/~. : .. :J a~\ :r..,.. 11, ~ 

.. The ·cir:i.vi~~jv~Pi'abl~ ·in the model· fs1f:6ocP:i:ntt~ke.··· 'dne€r,t'h·~·,qua~u:ty:·of food ; ". 
:cbnsurried ·is :known,: the available .:Cerler~y i~·:·part i ti6ri~d :·t:6t-.i~rds · mdiritenance ',: -··2 
prote:lrl"syni:hes:fs arid lipid "~;inthesis'. ·Tne·lmetabof:i:c '; inefHCfenci:es'JOf1these · 
processes' give; ri'se to h~a't. which wheri sun:med:)~stimate: the heat prod'uction "of ' 
tHe·: ani'rrial. :1 He·a.t- l:qss· i's pre·dicted fi-om the phys:i!car co~po~erir:uof the model. ' 
The influence of thermal env~ronmen~ oh p~~ gro~fh {s medi5tea~~hrough .f~e pig's 
require~ent for homeothermy. Since the animal must maintain homeothermy, heat 
loss ~usf'~~J~f hea~ produ2ticin beldw Ehe low~r critical temperature~;~THG§i~~t 
iow envi'ronmeni:'al:'Ltemperat'u·r~s, this requiiement -~ay force decreased rate 'of'' 
gaih find' riicreas'ed' us~ of ene~gy for heat produCtion (col!d thermogenesfs'). ·.:once 
thermal hala:nce 'i:s achfeve'dt·'the predicted lipid a'hd proteiniJgains ~re' empidcally 

-conVerted to ·re'a·n and hit 'estimafes; ·l:i?ve''weight is 'appropi:'iat'Eily··adjust:'ed and 
a new day dawns. These'i.tera'ti'ons' liie peifO'rm~d undl''3i:he'')li-de wJight~of ~he11 
modeled animal reaches 'that requested b~ t,l:1e_ user.· · ' · ··- · 

"~·-i ~' ~~~~1 r-: I ... < ~ -"'" .. J·~~~J.-,"7 •;d. ,y~_j '.r:v:~.s \;:'.JrJ~1::.: ~f 

The Rea·son···foi':Be'fng·····; .,.;·J C•2' 0.''·i 1 '-· 1Cl ::·J 'J _:;·" ;,,!,~;';·" ~·-• ':;<)·~·· ·;, .: , 

_· ~ · _ .. , _:; .{ ~> p.: .. ___ :-;j··~>- ·i· ~l-i:r .. J:~J~f:Js:: ~·j _ ·.r,·t~< .. ·t;::_J.: ... ~~1_ ... ' ~-.. '1 ~ } ~=:,· _ ~,·.~ 
The mode 1 des.crib'ed- :fi-1 th'fs· papef ;'was' designed. fo•1mi'riiiC' :tHe ·r·~sponses of ;the '1 

growing pig with regard to change; in nutrient supply and thermal environment. 

As described, it is useful at the ~cientific level to point out the shortcomings 
of our current' k~owledge '\i•nd i a:ld iiPexper'imen'ta i-'de~'igii; 1 extens io'n and· !inter.::·· 
pretation. · At.'the' 'p'racticar leveT, ca.ls'ini':i:iar'-model c'duJld 0 afd irr determini'hg ,; 
management targets' a'nd a'lldw 'optihii'z'at1ior{6t' fe'eding··!strategies'. · l't hirsf bee·n·~ 
developed as a· research' tob·r··and thJs •'ma'ny ·of · tfle p<:d:arriet'e'rs)_lassdciatedL~i th' ·: 
the biology of ·tHe' piig are ~oi: genEhii'Pi'y th'oughf'iof:·as' cfi·ara2t'eri-s'fics··bf"growing 
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swine. In addition, no variables associated with the cost of the various inputs 
or the value of the product. ~re::_.if!c)ude~~-. E:~tension of the model to include 
these various factors is however possible. The Edinburgh Model Pig (Whittmore, 
1980) is an excellent example of this ability to easily relate "apples and 
otanges'' ('eq~.:::soybe~:n. ine~'l···prite:S ·a'nd 'lea·n'''tissue gFowtn capac'ity.). 'o ~:,;,j 

~". : • '* > ) { ... ~) ... 

The enhancement an·d extension of the model is proceeding as a joint effort of 
the Departfuents'i of· Animii'l Sci'ence and Agricultural Engineering with assistanee 
from a USDA gr:ant.1 The short term goal is to provide a. mechanism fo-r. evaluating 
various building designs and temperature-ventilation schemes which minimize 
energy·'u·sage1n·.:•· '!;; .,, J'· -•. U 

" ( ~·· ~ ' ~' 
' r '>• ~·, 

What Would Happen If ... ? 
") _ ,. ~: • o i \ J ~., • I ~ , ~ ) · .I_! 

The outpuE f}om ~h~ model described above does not present an ~ptimu~ solution. 
It only attempts to simulate the operation of the system (pig) and 'thus. inform 
the operator of the results of the alteration of parameters. To determine 
optimum strategy a number of runs are required and individual responses mapped. 
Although this seems laborious, it may be very beneficial as solutions with similar 
responses and less convenience may be removed from the decision set. For example, 
one could easily couple the output of this model with for example a least cost 
formulation scheme to evaluate diets on the basis of maximum profit rather than 
unit cost. 

The examples presented here are of more simplistic nature. Figure 1 includes 
several curves which demonstrate the general validity of the model with regard 
to prediction of growth as influenced by dietary level of energy and protein. 
The predicted and actual results agree well over a wide range of energy and protein 
concentrations. 

Figure 2 shows the response of pigs of two different lean growth potentials fed 
diets of varying energy:protein ratios. As expected, response to greater energy: 
protein ratios is greater in pigs with a higher growth potential than in the 
poorer performing group. Pigs with poorer growth potential gain at rates similar 
to those with a higher growth potential if the "better" pigs are fed diets of 
increased protein density without concomittant increases in energy density 
(points A and B, figure 2). 

Closing Comments 

Although only one or two factors have been altered in the above examples, it 
should be remembered that impact o~ all factors .included in table 1 were evaluated 
in the response prediction. ~-~ 

It is impractical in a brief overvi~w, to._:Feiate the myriad of possibilities wherein 
a mathematical model of the system under investigation may be useful. A carefully 
applied combination of simulation and real world experimentation can frequently 
lead to a more complete understanding of the behavior of a system. The impact of 
alternate strategies may be easily evaluate&. Transmission of knowledge is easily 
accomplished. However, the most importan~ outcome of such an effort may be the 
disclosure of gaps and incongruencies in our current knowledge of the system. 

1
USDA project number 59-2271-0-2-039-0, Swine production using no fossil fuels, 
K. A. Jordan and S. G. Cornelius. 

170 

I 

I 
li 
II 
i· 
! 

t 
I 
I 
I 
! 



' 

} - -1-,;:n >--\:1 ·L, :l~.:~·~·cL-Ltera'tture•, Cited-:, 
~,~~ ~-<-~~_-·, .. ~'Il__;t]fJf..;. _ _. T..-\ • .... • L!.~~c ·:·_'F·~1 •- ' T' 

~'.'} • .J '.: J 

".,. ····l-~· ···J '"j ·.:(11.'' •.(J}.!J'! .. :1.; ~~~. _;;·_--_,-..:,~".)' -.. 

Bruce, J .. M. · imd.;d.~· ;S';.,Cf~rk·c)·:.l98.0-.:.; M_od_el~sr,9J· -~ea~t- pr_qdu~qono <!;!!d) c:l?it;~ca~ 
temperature for growing pigs. Anim. Prod. 28:353. -
.'\ -, ' -, 

~;( ~) .. -JL·\ ... ··>~:-.. ·.t<l c:~' -.'k~J-:.·.. .-~1:~ ·; . .,; ·-~ \ :.r~j·::.·.·· ·Jr 1 :J~i·-:· 

Whit temo.re,; ~ C .. 1~ '·J 1:98:0~ : The:!E<:li1pbJJ·r,gh C_<;>mpuJ:er, t:fqd~l-- Pig. _Pig, N~.;yss:~!:l-9 :J" 
, __ :; :·lnf:orrriat-ro.n •.. d ::343'-. . ...; 1 i ,; : .~: -{ .:,J _ :·, , ?:' ·)•1, · -~· 

Whittemore, C. T. 
by modeling. 

1976. 
Proc. 

:\. trj£; l.~ .:~i·:.v..:~·\·~ ·_) i:_,, ·~t ~L. : 'rj~;:: ·~' '~) :_\ ! t '~J ~ .. : 

A stuoy Of 
Nutr. Soc. 

growth responses to nutrien~-~~put~C 
35:383. 

. .li 4rr;,\-·)- ·,J ·•• ~ ... :, 

Whittemore, c. T. and R·. Fawcett.' 1976. Theoretical as~pects -oc a:·~frexible' 
1: __ , J, model tO.j<Simulate::,.pr<_?tei:ri :an<:l .. l-ipi<;l.gr:9.wth ii:r.pigs .. ), Anim. ;~!"od~ ,_ ···J 

}; 22_:87 •. -.JL_. r;~~·~ ·:~.jJ·,~Jr.J !>-oi il;' _',_),~~r~i·}·j •.f ~! -1 ,.. ·.( 

·' 
' ·- i,_,-_;, 

'/ \ 

r 't.;_..J-;. ,_."_;{ ) i.~J )J [.~ l. 
c:-.~n ~ .... .-: 

I,!.._, r i! J(/) 

'\,; 

J 

- .. \ i1 )' 
- i tJ _) . 

' ~ I '1 ! 

. \ i 
'" 

' ·'-

J ~ T I'' 

. ' ; ~· ~~ .1 ) ·-; 

., \< ,, ' 

'j ' ' 

) - ',; 

"') I .' f • ~ 1: 

• ' # ::~ J : , ) . 

. _) f _) ,, -

'' ~ • i 

Ji,'"l ~IG J 

y· 

.! ')(.... 

.• . .$ 

'j ·., • j <) I/\ ·•' 
{ . 
..__ r .i 

1 .J.~ 

l ~: :. l 

''T ;.,. : \ j' '') 

1 I ~ 

-' ' 

! -

...... ) 

) l j . ) ~: - ~ ·_ 

} II ; ~" , ~ • .,.,_ ~ -:::-;;·.!:~,-} Ji'lt" ~ "<,, ~'") , ... \ 

'I; ) i •, \..~ C:~ 
r: 
10 ~-~·, 

r:r~J .~ ·, itrs~~i/:_"'-"....l ~J~_; 

n • ~ 1..:' r: ~.., · l,, -.. :, -~ .. 1 ! ; t J 

• 1 #" 1 -~ 

t,-·.l ,,·.,r. fl, 

': ·, .. 

\ '· \ ) 

_,, nr· _ J . 

. 
I 

~ '. 

!1'" 

} ,_; • r {.'( : •i 1 ,1 

_ f '_,• !J: "} :.) ~~I ! '"1 ,J • 

•) ': j-_ 

:.L· 

·: _) 

. ( ·~ r;.~ . • t. ~ 

' ~ ' r , ! 

,·"'(; 

'.) 

_'if c. 

(J ·, ,, 

' ' \1 

) j f") ~ 

:r. ~.; ' /l 

,.-'\ 

; :-.. - :. 'l r> 

.) !)j -~::..;J-:!' 

..'I 
1 

, • •. ~ ~ ) j l·. )' I 

. cj ..• -

'' 
' J 

._r; .: 

"l" ~ -, I 

, .. ' ... 

' 'l '( ' l,· 

~ J. j ·~ -

• \';: .(. j 11_' ~: J. () 



I 

~' 

Biological: 

Initial live weight (kg) 

Mature protein mass (kg) .r· 

Protein accretion limit (grams) 

Initial body protein (kg) 
-' ' •, 

Initial body fat (kg) · •, 

Initial body ash (kg) 
'·) 

Obligatory fat:protein ratio 
) ..: J 

Final weight desired 

Nutritional: 

Digestible _energy_ in feed (MJ/kg) 
?:r~~) J "tt)c)~:~~-,:·~· 

Crude protein~ "in~ feed • (%),- ·~ ., j 

: ("l ... - , r~ T -<J 
Crude protein digestib:Pi'ty·.rl:J•).; 

Chemica I :s·core • of feed proteim· ,·1 

-.: ·:;_,J 

Environmental:" 
' ') -~ ·~:. ~ -' 

. • :~ !1 l [' (" . 
' 't ) 'l ,,.. ~ ... I.' .. I . . . . . o'~ ... -

Environmental temperature·:. ·(~C) '· 

Air velocity .1(-fu/sec) · ~-· 

Floor insulation 
) 2 :,_ i .:. ~ )' 

(watts/m ) ·:.: , 

Floor contac·t fraction 

Number of animals per pen 
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Outp,uts predicted by the .. 
s'QcfnCgro~th ~Ode l -1

• _::__~ --
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Descr'ipt ion 

Live weight 
Empiy body·~eight 
Live gain 
Empty bqay gain 
Lean gain 
Fat gain~_ J ._,Jj_,·:.; 
Ash gain 
Gain/Feed ir, '1 

Gain/Energy 
Gain/Protein(. , . r_;:~ 

Lean gain/Feed 
DE retention,- ).· 
Critical temperature 

(-

-!. 

1 

! : J')L') ':J i 

Heat product ion r _· ,, : r' 
Cold thermogenesis 
Feed intake 
Protein intake 
Ene'rgy intake . , 
Metabolizable energy 

1 "' -·L. ·:. 

Available ME for· gain: ') ·0·: · b:: .... ) 
Urine energy 
Deaminated protein J ~ 

Protein turnover 
Protein lost.due to turnover 
Protein accretion: synthesis ratio 

'(, Protein synthesis 
Fat:protein ratio 
Pro't~in accr_eti_on ' ~. -.. ,- I _c: ... 

Lipid accretion 
La tent heat p.rod_uc·tion, · ;r.J .-, , ·; · f 
Tissue~resistance 

Pig sur·faGe) area !:O ,_ J ··- ·" ! . •• " 

Energy used for protein'\synthesis 
Fina 1 carcas-s- ·c9mp_o~s i_·t-_:ico.nn-:; 

'~1 ' ·t· 
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Figure l. Performance of model pig (---) vs. actual (---) 
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Figure 2. Influence of energy:protein ratio in pigs of two different 
lean growth potentials 


