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Abstract:

Two studies of range cows and sheep, each lasting one year, were conducted at the Red Bluff Research
Ranch of the Montana Agricultural Experiment Station. Purpose of the two part- experiments was to
check the effects of feeding M-analog to range cows and sheep, determine the proper time to feed (pre
or postpartum) and find the most beneficial level of supplementation. Forty-two cows selected at
random, divided into three treatments: control (no M-analog) , two (10 g M-analog postpartum) and
three M-analog (5 and 10 g M-analog pre and postpartum) were weighed and supplemented for 101
days. Data collected included cow: weights, gains, milk production and composition, calf weights and
gains. Milking data revealed no significant effects due to calf sex or cow treatment. Calf ADG and
weaning weight showed a significant(P<.05) effect due to cow supplementation . Control cows reared
211.8 kgs. calves compared to 216.7 and 231.7 kgs. for treatment two and three cows, respectively.
Ewes (57) randomly distributed over a similar feeding design revealed no effects due to M-analog
supplementation on weights, gain, wool data, milk data, lamb(s) weight or gain. Type of birth and lamb
rearing combination had significant (P<.05) effects on ewe weights on trial and weight loss during
parturition. In 1 978,. 80 cows were fed four levels of elemental sulfur and M-analog. Cow treatment
effect on milk showed a significant decrease in amount of milk collected at the 42+1 day milking.
Cows fed 5 g of Mranalog per day milked 2.45 kgs per one half the udder as compared to 1.96 kgs. for
cows fed 15 g of M-analog. -Control and 10 g fed cows produced 2.19 and 2.28 kgs, respectively.
Calves on control and 5 g M-analog cows, 225.5 and 225.7 kgs were significantly (P<.05) heavier than
10 and 15 g treatment reared calves at 212.5 and 213.5 kgs by weaning (204 average days of age). Calf
sex affected cow weights and losses (P<.05) and calf weights and gains (P<.01) for the 1977 and 1978
beef cow feeding trials. Ewes (127) which were divided into four random groups for a similar feeding
trial showed treatment two ewes fed 1.25 g M-analog per day lost significantly (P<.05) less weight
postpartum and produced the most milk .21 Kg. at the 35+1 day milking. However, ewes on 3.75 g
M-analog weaned the heaviest and fastest gaining lambs on trial.
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ABSTRACT

Two studies of range cows and sheep, each lasting one year, were
conducted at the Red Bluff Research Ranch of the Montana Agricultural
Experiment Station. Purpose of the two part- éxperiments was to check
the effects of feeding M-analog to range cows and sheep, determine the
proper time to feed (pre or postpartum) and find -the most beneficial
level of supplementation. Forty-two cows selected at random, divided
into three treatments: .control (no M-analog) , two (10 g M-analog
postpartum) and three M-analog (5 and 10 g M-analog pre and post-
partum) were weighed and supplemented for 101 days. Data collected
included cow: weights, gains, milk production and composition, calf
weights and gains, Milking data revealed no significant effects due
to calf sex or cow treatment. Calf ADG and weaning weight showed a
significant(P<.05) effect due to cow supplementation . Control cows
reared 211.8 kgs. calves compared to 216.7 and 231.7 kgs. for
treatment two and three cows, respectively. Ewes (57) randomly
distributed over a similar feeding design revealed no effects due t0
M-analog supplementation on weights, gain, wool data,'milk data,
lamb(s) weight or.gain, Type of birth and lamb rearing combination
had significant (P<.05) effects on ewe weights on trial and weight
loss during parturition. 1In 1978, 80 cows were fed four levels of
elemental sulfur and M-analog. Cow treatment effect on milk showed a
significant decrease in amount of milk collected at the 4241 day
milking. Cows fed 5 g of M-analog per day milked 2.45 kgs per one
half the udder as compared to 1.96 kgs. for cows fed 15 g of M-analog.
-Control and 10 g fed cows produced 2.19 and 2.28 kgs, respectively.
Calves on control and 5 g M-analog cows, 225.5 and 225.7 kgs were
significantly (P<.05) heavier than 10 and 15 g treatment reared calves
at 212.5 and 213.5 kgs by weaning (204 average days of age). Calf sex
affected cow weights and losses (P<.05) and calf weights and gains
(P<.01) for the 1977 and 1978 beef cow feeding trials. Ewes (127)
which were divided into four random groups for a similar feeding trial
showed treatment two ewes fed 1.25 g M-analog per day lost
significantly (P<.05) less weight postpartum and produced the most
milk .21 Kg. at the 35%1 day milking. However, ewes on 3.75 g M-
analog weaned the heaviest and fastest gaining lambs on trial.
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. INTRODUCTION

Ranchers réising cattle or sheep strive to raise the‘heaviest
calves or lambs possible under the existing conditioné,each yéar,
Weight gains and weaning weights of both calves anq lambs dépend in
part on the producing ability of the dam.- Each dam must have proper
nutrition to maintain maximum productivity. Complete rations meeting
the nutritional requirements for production and maintenance of the dam
are a neéessity. A feed additive affecting the ppoducing ability of
the dam by increasing milk productionjlevels, constitueht levels of
milk, or wool production'cduld result in economic gain through
increased weaniné wéights of the young or dam production.

Methionine Hydroxy Analog, M-analog, or hydroxymethionine have

been shown to increase the producing ability of the dam (Varner 1974).

‘M=analog is‘considered a natural feed substance formed és a salt of

. calcium. It is similar to the amino acid mefhiohine, yet the

structures of methionine and M-analog differ (Figure 1.) .

Methionine:
NH3
CH3-S-CH2-CH2-C~COO-H
H
' Y
M-analog:
OH

CH3-S-CH2-CH2-CﬁCOO—Ca_

H.

Figure 1. Chemical Structures of-Methioniné and M-analog.
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M-analog researeh.has"been done primarily witn dairy eows,
because environments in dairy operations allow for closer and more
frequent inspection of each cow's productioni An altebationpin milk
quantity or quality because of nutritional or other faetors'oan be
determined, and onanged when necessary.

Range cow and sneep.opemations are as varied as the individuals
wno manage them. .After animals are turned ocut in'the spring, it is
difficult to assess how well each animal unit is doing until weaning.
The rancher tnerefome attempts to give the .cow and’ealf_or ewe and
lamb(s) the most advantageous start toward’nigher-gains and weaning‘
weights. How well a cow or ewe produces'between parturition and
weaning will have a direct bearing on the weights‘of!the young at
weaning. Production inereased through supplemental feeding could
therefore be useful in a ranch management plan.

in an attempt to alter postpartum productivity of range cows or
sheep, supplemental feeding of M-analog was used in this study°
Experiments assessing M-analog“s effects were undertaken to determine -
the following:

1. Ihe effects of feeding M-analog to range ooms and ewes.

2. The-best time to feed M-analog (pre or:postpartum);

3. The most beneficial level of M-analog supplementation._

The following manuseript is a discussion of the nutritional

‘ aspects and results of M-analog supplementation.




- LITERATURE REVIEW

McCarthy et al. (1968a) discovered alterations of lipoprotein.
fatty acid composition in the metabolically disturbed situation of
ketosis and low fat test. McCarﬁﬁy et al. (1968b).conéidered that
this condition resulted - from a deficiency of methioniné.

The amino acid methionine has beeen shown to be effective in-
alleviation symptoms of bovine ketosis through intravenous
| administration (McCapthy et al. 1968b). It was believed.that giﬁing'
methioniné would be ﬁnsuccessful,due'to ruminal microflora
degradation, M—analog:(Methionine dero#y Analog) was selected as a
possible substitute for methionine in oral feeding t; prevent bovine
ketosis. Tnéatment of 42 dairj cows of four differeﬁi bréeds gave
inconclusive results as none of the control treatmént_cows exhibited
symptoms of the di;ease:acgording to McCarthy et al.§f968bx '

Milk production of the above ment;oned'cbws during the eight
weeks thg cows conSuméd M;analog was ménitored by Griel et:ai.(1968L
Results of the milk-monitoring showed 15 cows fed no M;anal;g-produced
.on the average 87.9 kilograﬁs (kgs) of u% fat corrected ﬁilk (FCM) per
week. Feeding M-aqalog,at 40 grams and 86 grams per day to 14 and 13
cows respectively gave levels of 94.5 agd 89.4 kgs; of- fat corrected
milk. Several explanqtiohs have been proposed for the increases in

milk production. |

1. Rumen microfloré, whilé prodﬁcing p}btein were unable to

produce sufficient methioniqg; in other words, Methioﬁine‘

may be a limiting amino acid. M-analogthus reduced a
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possible meth;onine aﬁinq acid deficiency.

2. M=-analog altered the rumen environment of the'postruminéi
digestiblities, increasing the amount an&/or availability of
constituents required for milkhproduction.

3. M-—-analog was a more readily gvailable source of sulfur

requireéd by the. cows.

Limiting Amino Acid

Methionine, an essenfial amino acid, serves as an important
building block of proteiné. Ruminant animals degrade amino acids into
their various compqhénts‘td be resynthesi;ed into protein by rumen
microbes. . |

The'duality of the microbial synthesized protein has been
investigated. Ellis et al. (1959) used urea, gsiatin-and casein
ration to check rumen microbes; ability<to'synthesize protein, Their
findings indicated that the cépacity of rumen microorganisms to
synthesize trytophan, methionine, or lysine was insufficient, Abdo
ét al.(1964); in processing preparations of mixed rumin#l bacteria
and protozoa‘to be used as a monogastric diet, aiscovered high,leQeis
of tryptdphan and lysine and liﬁiting or low amounps 6f the sulfur
containing amino acids.

The methionine plasma levels of cous fed a purif;ed diet with
urea as the only significant nitrogen source were only 67% of the
value for norpally fed cows (Virtanen 1966). . Because normal feeding
showed avlow free methioniﬁe plasma level; the 33% decpease‘from

normal to the purified nitrogen diet may be quite significant.
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McDonald (1968) suggested that microbial and leaf protein would have a
biological value of 75 on an amino acid basis when compared with whole
egg protein at nearly 100, with amino acids containing sulfur again
being the finst,limiting factors. -Contrary to tne above references,
Schwab et al. (1975). deemed lysine.foilowed by methionine as limiting
.in trials conducted‘on laetating dairy cows.

Abomasal infusion has been used to establish which amino aclds,
if'any, are limiting in tne runinant animalr Nimrich et al.(197qh
using urea as the sole'source of nitregen for grdwing lambs, tested byl
abomasal infusion the use of supplemental amino acids. Results of the
qualitative assessment showed methionine to be the firstylimiting
amino acid for the lambs on this trial. Similar results were
achleved by Schelling et al. (1973) on growing sheep fed a high
quality 11.6% pretein diet; Comparison of methionine infusion and
a combination of urea and sulfate at levels equal to the nitrogen and -
sulfur levels supplied by methionine led Schelling et al. (1973) to.
suggest methionine as a limiting amino acid. |

Lysine was shown to result in 16% of the total response to amino
acid supplementation with infusion (Schwab et al, 1976) Methionine
infusion had no effect on secretion of milk milk Qrotein or fat
concentration in the same experiment. ‘A combination of lysine and
methionine, however, accounted for U43% of the total.responsegof amino
acid supplementatien. Thus Schwab et al. (1976) assumed lysine and
methionine to be co—limiting. -

Clark et al. (1978), bj tracing amino acids uptake on cell

cultures of mammary glands, discovered that thneenine or methionine
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improved Beta lactoglobulin synthesis and that cystine increased Beta
casein. Beta laethlobﬁlin and beta casein are both milk proteins‘
formed by the mammary gland éells.. Clark et.al. (1978) eonsideredlthe
limiting amino acids order for the.éynthesis ofimilk brotein.by
mammary gland eelis to be: cystine, threoniﬁe aqd-then methgonine.

Using a mixture of 13 amino acids, Reis and Tunks (1978)
discovered that the ohiss;on oé methionine from the.13iam1no_aeid
standard'mixture inhibited wool growth rate. Both the fiber diameter
and length of'wool grown per day were reduced below those of the
controls. These results agreed with experiments by Wright (1969L
Both experimenté?show that the sulfur eontaining amino acids ar€

specifically limiting for maximal wool growth.

~ References thus far have indiqétea‘methionine to be at least one -

of the three main limiting aqino~ac;ds. M-énélog replacement of
methionipe depends on thé folléwing: W

1. Whether M-an%log bypasses:rumeh degrg&ation and.replaces |

methioniﬂe poSt-rumipally.

2. Whether M-analog does have an affect in the rumen if rumen

- bypass cannot be aeeomplished.

Rumen Bypass

One of the first explanation of M-analog's effect was its\
struqtﬁre. Enzymes of mierooréanisms responsible for methionine
breakdown may not recégnize and act upon the analog of methionine.’

This would allow M-analog to pass into the abomasum where either
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absorption of M-analog or conversion to methionine could take place.
Benefits from M-analog supplementation thus night be possible if M-
analog and.methionine were\interchangeable in the free aminp acid
plasma pool.

Gosset et al. (1962) assumed M-analog did not function or perform -
well as DL-methionine.. This assumption was based on findings of no
benefit to gains or feed efficiencies at 5 grams of M-analog per
head per day of steers fed high urea centent fattening rations.

Wright (1969), using sheep, reported significant increases in the
wool growth rates of lambs fed either 8% on 12% protein rations with
0.3% methionine or M-analog making up part of' the totai'diet. Unlike
Gosset et al. (1962),‘-Wright (1§6§) believed this impreved growth
indicated that both methionine and M-analog may have been effective in
the rumen or postrumimally.

Reis (1970), using orally administered amounts'of‘ﬁ-analog to
wethers at 0, 2, 4, and 8 grams per day, indicated'that at the desages.
given the M-analog did not influence wool growth, as seen by the
corresponding wool growth rated of 108%, 113%, 107% and 115%. .Because
the wool growth rate percentages did not follow the effects of
abomasal infusion of ‘M-analog, Reis (1§70) felt degradation of M-
analog had occurred in the rumen.

Belasco (1970) conducted research on the stability of M-analog in
rumen fluid. M-analog proved to be more resistant than L-methioninei
to rumen'degradation. Thus, M-analog would be in a'higher
concentration postruminally than the same ahount of methionine.if both

were fed orally.




8.
Langland (1972) fed 2.69 grams of M;analég per'day to:penned
sheep; increasing wool pro'duction._‘ls%° Abomasal infusion of.;he same
.amount'of‘M-analog ihcreaaed growth of wool 32?. Experiments with

grazing sheep being fed 3.9'grams M-analog per head per day showed a

35% 1increase in’wool production. These experiments may indicate that

rumen bypass of M-analog is not 100%. The difference between wobl

growth in oral and abomasal feed;ng of the sane amount of M~-analog

produced a 17% difference in wool growth.. |
Papas et al. (1974) orally administered yo_lambs 3.08 grams of M-

ahalog and 2.7 grahs of DL-methionine (equivalent amodnté of both

active ingredients) in an attempt to increase the_plasma"

. methionine:valine ratio. Neither treatment was effective. in
increasing the methidnine:valiné plasma level above that of the
controls, indicating that neither DL-methionine or M-analog may

" undergo rumen bypass.

If some portion of the obally fed M-analog.was unaffected in ‘the
rumen, what effect could it hgve'bostruminally if absorbed through the
gastrointestinal system?

An ip vitro experimeﬁt by Belasco (1972) revealed that'miqrdsomal

fraction enzyme systems of calf kidney and liver were odpable of .

- converting M-analog to methionine;, indicating that once ébsorbed, M-

analog could take the:place or be used in place of methionine.

However, Papas et al.(1974) felt it unlikely that’'M-analog would

support the postruminallreqﬁirements for methioniné.l :The plééma
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methionine:valine ratios ingiqated that'less thén one-third of the
abomasally infused M-analog'was converted to methionine. The plasﬁa
niethionine:valine ratio was 'sighifieantly leés for c‘ontrol. l_ambs.f‘ed
either M=-analog or DL-methionine. Lambs fed Mfanaiog still had ratios
significantly less than lambs infuéed with DL-methionine.

" In preruminant lambs, Walker and Kick (1975) concluded that the D
and L isomers of methionine had similar biological aetivi?y when used
to supplemeﬁt isolated sbya protein and that M-analog was:effective as
DL-methionine, However, Miller and hodriquez (1975) showed reduced
gains, intake and serﬁm amino acids, poésibie‘due to an amino acid
imbalancé when'M-énalog was given to 36fthree day old Holstein'calvéé.,

' In nonruminants, M-gnalog was found to have a T0.1% activity on a
feed efficiency basis for broilers (Harms et al. 1976). Chow and
Walser (1975) using rats, felt thaf the ability_of M-analog to replace
methionine was complete. , - , '

The only sure way devised to study the effect of methionine oé M-
~analog without rumen degradation is thréugh.infusing the desired
amount of either into the abomasum of the ruminaﬁt'anima;.. Sheep are
used in this capacity because of handling and samﬁlihg ease of wool
growth. ‘

Methionine infﬁsién. at 2,46 grams per day ineréased wodl igrﬁvth
from 35 to 150% over a 6 week period for Reis and Sehipekel (1963).
Wool growth was again inereased-by 123 to 181% in experiments
conducted by Reishand Sehinckél'(196u) usihg the infusion of ‘60 grams
of caseln per day for 9.weeks° En increase 5f'16.to 37% in wool

growth over the casein diet was obtained by the addition of sulfur

4
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containing amino ac;ds to the casein upon infusion, A comparisdn of
DL-methiﬁnine at 2.46 grams per day increased  wool groéth by,én
average of 80%. A T78% increase‘was,observed when 3 érams of M- analog
were given per abomasum with a 37% recovery of supplemented sulfur
found in the wool. Similarly, Reis (1970) doubled the wobi growth
rate using 3 gfams of M-analog through ébomasal infusion. '

The references listed above seem to indicate that'intfoduction of
M-analog into. the postrum;nal digestion may be of benefit,:at leaéf ip
wool growth. Methionine_séems more consistent in causing increased
wool growth, yet 1increases caused by M-analog and methiqh;ne are very

simila? when both were administered through abomasal infusion.

Consideration of M-analog's action has .altso centered around the
possibility that M-analog does not undergo rumen dégradation and is
- bypassed fo the abomasum, Evidencé cogtrary\to rumen bybass has also
been cited. If this evidence is true; the question pf’M-analog}s

effect on the rumen environment requires exploration .to find the full

extent of M-analog supplementation. Allarge fermenting vat;'fhe_rumen.

acts not 6n;y as a manufacturing site for protein, lipid and/or
volatile fatty acids, synthesized by bacteria and protoxoa,ﬁbut also

as a site of absorpfion of these products?

quk'ef al. (1965) determined that absorption of amino acids-did -

occur through the_rumen wall. Inserting polyethelene catheters into

the right ruminal veins of 3 rumihant animals'allowéd measurement of
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amino acid levels of blood from the rumen before, during and after
amino acid supplementat;on° Analysis of the blood samples showed that
no methionine was absorbed, but an altered form methionine sulfoxide
was found. Thus, methionine activity is possible through rumen’
absorption, if methionine sulfoxide has the ability to take
met‘hionine's place in the blood amino acid plasma pool.

“"Unlike Cook et al. (1965), Whiting et al. (1972)>showed M=-analog
‘supplementat;on at.22% of the basal diet of cubed alfalfa with a
pelleted concentrate increased the rumen eontent of threonine and not
that of methionine, 0 .
| M-analog fed at .3, .8 and 1.2% ef a 16% hay and 90% concentrate
.diet-by DeVuyst et al. (19765 resulted in eech'level giving a

considereable rise in the total methionine coneentration of the rumen.

The amounts of amino acids in the blood stream are very small. Any’

increase in methionine activity through supplement of M-analog in
which there are significantly ihcreased amounts of methionine

sulfoxide in the rumen outflow blood may be beneficial to the ruminant

t

animal.

it is well documented that bacterial and protozoal protein
synthesis occurs in the rumen, Kahlon et al. (1975a) tested 6
different chemieal sources of sulfur for their effect on 1&_11&39
rumen protein synthesis. The six sources of sulfur were L-methionine,
calcium sulfate, sodium sulfate, elemental sulfur, M-analog and a

control with no additional sulfur added. ‘The rumen inoculum was
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tested at vafious incubation times of 0, 6, 12 and 18 hours. ' Protein
synthesis observed with M—analog.was"significantly ipwer than that
with any other source at 12 hours ef.incubation. fhe effectiveness of
M-analog over the whole 18 hours trial ranked no higher than third
compared to all sulfur sources. Only the control averaged lower in
stimulation of protein synthesis. Kahlon et al. (1975a) continued by
checking the in_vitro protein synthesis availability of these same
sulfur sources plus DL—methionine and ammonium sulfate. L—methionine

exhibited the highest sulfur source availability at 100%. M-analog's

availability was only 28.8%, the lowest of‘all the sulfur sources

tested.

Aside from protein synthesis, the rumen has many other functions.
'Rumen-microorganisms, bacteria and protozqa are used by the ruminant
animal, and alterations in amounts or quality may have an effect on
the animal's production. M-analog’s effect, if any, may be beneficial

to rumen microflora.

-Brotozoa

Rumen protozoa, bacteria and brewer yeast, when fed to rats as a -

protein source, revealed biological values for protein of 80, 81 and
T2%. Coresponding values for the digestibilities were 81, 74 and 814%,
respectively (McNaught et al. 1954). A comparison of the biological

value with the digestibility suggests that the conversion of. bacterial

or dietary protein into protozoal protein in the rumen would be

advantageous to the host-animal. Furthen, studies on protozoa‘by




Yoder et al. (1966) demonstrated that tﬁetaddition'of washed rumen
protozoa increaéed the cellulose digestién‘by In _vitro bacterial
cultures. The cellulose breakdown was in the presence of added
volatile fatty acids, vitamiﬁ B{é, biotin and hydrolyzed casein.’
Patton et al. (1970) discovered rumen‘pr§tozoa concentrations

significantly higher in sheep fed a grain plus M-analog diet than in

sheep receiving only grain. However, for sheep fed grain'plus M-

analog, protozoa levels were significantly lower than those of sheep

fed hay and grain. ' Samples showed protozoal concentrations of\6;0 X

106 protozoa as compared to 5.0 X 106 protozoa per millilitér of rumen
fluid in cows réeeiving‘SO grams or 0 grams of M-analog. |

Levels of M-analog were gsed by DeVeryst et al. (1976) at .3, .8

and 1.2% of the diet on fumen‘fistulated sheep. The .8% level showed

marked increase in the total number of ciliéte protozoa found in the

rumen. No further increase was obtained with the 1.2% M-analog diet.

From the evidence cited above, fhere ig a possible advantage to be

gained £hrough alteration of the bacteria to protozoa rétio.

Bacteria ) ﬁ S ;-

‘Cellulose digestion depends on the production of enzymes by -

bacteria which are able to breakdowrlﬁeta =4 glueose'linkages, the

primary constituent of cellulose., Altered eeliulose digestibility

could mean activation or inhibition of bacteria because of M~-analog.
The addition of 4 grams.of M-analog pér 100 millilitérs of rumen

-bacteria and. fluid increased cellulose digestion by 6 and 5% at 24'and

48 hours of incubation in in vitro studies by Gil and Shirley (1972).
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Experiments found M-analog to be more effective at 24 hours of
incubation, bu; no difference between sodium sulfate and Méanaiog was
observed at.48 hours of inchbation oh‘celiulose digestion. A highly
siénificant diffgrence was also fohnd in the baéterial nitrbgeﬁ,_
levels, Values were .26 m;lligrams nitrogen per milliliter of rumén
fluid with M-analog and .16 milligfams without M-analog,

Bull and Vandersall (1973) used‘sodiuﬁ sulfate; calcium sulfate,
DL-methionine and M-analog as sulfur sbufces. Bacterial.cellulose
digestiblity was comparable among all forms of sulfur, with no
significant alterations from M-analog in ip vitro trials. Howeﬁe?,
‘61 et al. (1973) again demonstrated that both méthionine.and M-anaiog
accelerated bacterial nitrogen incorporation when cellulose br gluoose

was used along with urea as a nitrogen source.

Rumen Lipids

Alterations of the rumen\environment with respect to }umen lipids
or volatiie fatty acids,eaq also.play Majﬁt‘roles in the prdductipn'.
picture of the ruminant animal.’ |
A marked stimulation in lipid synthesis, approximately 63.6%
greater than control rationé, regardless of the total quantity of
'1ipid present in the rumen fluid‘sample, wés séen with jggxiﬁgg
ad&itidn of methibnine (Pattoﬁ et ai.'1968L-ATnacer studiesAusing
acetate, glueose and long chain fatty acids revealed that methionine
produced substantial transfer of carbon from these sourees to complex '

microbial lipid associated with rumen protozoa‘(Patton et al. 1970).

Patton et al. (1970) uséd rations with 0, 40 and 80 grams of M-analdg
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over an eight week trial period. Rumen lipid levels Qere tested at
weeks 1, 3 and 8. Resﬁlts were measured in milligramé pér 75
milliliﬁérs of fﬁmen fluid, All three diets resulted in deéreaées,
yet decreases seen in M-analog diets were much laréef. Bioqd libid

levels were increasing during the same interval with the M-analog

diet; Highly significant increases of fumen volafile fatty aecid

production were observed with M—analogfuéed in inpn vifro studies
conductéd by Gil and Shirley (1972). Contrary to the above, Whiting
: et al, (1973)Yshowed noJeffectg by M~analog on rumen volatile éatty
‘acids levels. However, their ﬁeasurement éf volatile fatty acids was
by the accumulation of serum-cholesterol in the blood and not sefum
lipid léveis. - 4

Volatile fatty-acid levels .greatly 1qf1uehced the amount of fat

found ih milk in the ruminant animal. Significant rumen increases in -

- propionic acid levels were followed by decreases in blood ketone

bodies and'milk fat. Feeding-sodium acetate increased milk fat, .

whereas feeding sodium propionate further.decreased milk fat (Van
Soest and  Allen, 1959). Iﬁ two triais conducted by Eméry et él.
(1964), sodium bicarbonate increased milk fat .81 and °86%‘uni'ts, The
tréatmenﬁleffegt, at least 40 to 6§% was explained by the'acétic‘to

proprionic acid ratio established in the rumen, However, Davis (1967)

‘concluded that an absolute shortage of acetate due to decreased rumen

: Y
production is not responsible for: the depression of the fat content of
milk when a low fiber-high grain diet was fed.

M-ahalog's roles may be the enhancement of triglyceride transport

into the mammary gland, as suggested by Rosser et al.(1§71L This




- 16
conclusion was reached by checking triglyeebide 1é§els of arterial

versus venous blood of the mammary gland of cows fed M-analog. This

ration increased ruminal amounts of'acetate and butyrate while:

decreasing pfoprionate; ‘Tﬁe increase in acetate with reduced
préprionate may help to explain the reason for.possible increase in
‘milk fat while feeding‘M-analog. As both Van Soest and Allen (1950)
and Emery et al. (1964) shggest the alteration of milk fat is dué to
the ratio of acetic to propéionic'volatile fatty acids in.the rumen,
However;, alteration of the vqlatile fatty aclds though M-analog
supplementation may not affect.tﬁe’various lipid Ieve1s in the
bloodstream of the ruminant. Fuquay et al. (1975) tested blood
samples from cows fed 24 grams of M-analog per day for 80 days. No

lipid classes were altered, leading ﬁo a conclusion of no M-analog

effect.

Rumen digestion is only a parf of the overall digestion of the:

fuminant animal. Alteration of postruminal digestibilities must also
be considered in forming a complete picture of all'fhe possible
actions of M-énalog° | |
M-analog's effect on the. ‘total digestibility was considered nil
by Whiting et al. (1972), because feeding of M-analog with cubed
alfalfa and pelieted concentrate had no significant effect on
digestibility of protein, fiber, fat or total feed. Bouchard and

Conrad (1973) and Kahlon et al. (1975a) obtained similar results.

In contrast, Bull and Vapdersall (1973) discovered significantly
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greéter dry matter and acid detergent fiber digestibilities with M-
analog. The dry matter digestibility was greater for M-analog than
for‘DL-methionine, sodium'su;fate and the confro; ration. The acid
detergent fiber digestibility was sigificantly highgr for M—analog,

but similar to that of DL-methionine, and sodium sulfate,.uheh all

were compared to a control ration. Bharagans et al. (1977) showed

that daily fiber intake was higher for couws supplemented'with 3% M-

analog, from -1.6 kgs for control to 2.2 kgs with M-analog. Twenty-

eight Holstein cows were divided into four'tréatments to compare

dnﬁelleted and pelleted rations (Polan‘et al., 1970) . M-analog was

added to one pe;leted and one unpglleted ration. The pelleted ration

demonstrated that M-analog was associated with a marked increase in

diéestibility of crude fiber, dry matter, the ether extract fraction,

and improved nitrogen retention of the cows. Holter et al. (1972) fed’

cows two weeks prepartum to 24 weeks postpartum, and results indieaﬁed

M=-analog increased digestibilities of the fiber and fat portion of the

ration,

Some reséa?chers have felt that the beneficiél,effeet‘of

supplementation of M-analog are due to its sulfur content. A more .

avaiiable source of sulfur may have been presented to the ruminant

animal by feeding‘M-analog.~ This sulfur source could improve

digestibility, sulfur retention,:nitrogen retention, or even feed
intake if the animals were in need of more sulfur.

Referencejto sulfur supplementation should include the National




18
Research Coun%:i‘l (NRC) recommendation. In 1975 the NRC recommended
0.14 to .18% s,ulf‘uf in the diet on a dry matter basis for mature ewgé.
Beef catfle recommendations are vague. It is recommended that 3 grams
of sulfur be given for each 100 grdms of nonprotein nitrogen. The
r*éeommendation drops to .10% of diet on a dry matter content.

Whiting et al. (1954) used six lots of mature range ewes fed
~sulfur in the form of methionine, iporganie suif‘ate and elemental
sulfur. Treatmeht ewes were fed shlf‘ur. levels for eight months.’ HWool
‘grc;wth and quality, laﬁb produefion, ewe weight _g—ain, sulf’u‘r' serun
content and sulfur milk eonﬁent were measured, with no gignif‘i_cant )
differences among the various forms of sulfur used in the experiment.
Whiting et al. (1954) indiegted that the sulfur requirement of mature
range ewes did not exceed °1‘0% of the total diet. |

Jacc.>bson_et al. (196'7) divided 24 lactating Holstein cous into
two equal groups. The low sulfﬁr group was given a supplement
containing 10% sulfur. The sulif‘ur sppplem‘enf;ec_i group was given the
éame diet plus éodium sulfate. No significant dif‘f‘erenees.were
detected amorllg'treatments‘in any of tl'_ze' émino’ acid contents fdr e;l.éher;
deproteinized blood plasma or hydrolyzed rumenm samples taken from
cows 3 to 5 ’hours after feeqing. Data eoileeted indicated the sulfur
supplemented group of cows f‘ai;e’d t;o maintain the free plasma and’
rﬁmen aminb acid levels. Jacobson et ai. (1967) felt the quality of
sulfur was inef‘f‘eetive. or the quantity insufficient t;o‘ maintain the
levels over th-e 9 week period. )

Bouchard and Conrad (1973) fed M-analog, sodium sulfate and a

mixture of potassihm ‘and magnesium sulfates;. attempf;i‘ng to eval’uatle
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their use as sulfur sources-for lactating dairy cows. Ration containg
0.10, .15 and .18% sulfur were made using the basal dief sulfur
content (.10% sulfur) plus sodium sulfate to make rations'of .15 ahd'
0.18% sulfur, respectively.- A fourth ration was made By adding enough
M-analoé to the basal diet to bring the sulfur content to .18%..

,

Sulfur supplementation of the basai diet increased the dry matter

intake and dry matter digestibility. Sodium sulfate and‘M-anélog'both
improved thé sulfur balance of the lactating cows with sgpplements of
0.15 and .18% sulfur in the complete ration.
JIn vitro experiments conducted by Kahlon et al. (1975a) obsgrqed
the availability of sulfur from various sources méasured by in _vitro
protein synthesis. M-analoé exhibited a 1ower availlability than DL-

methionine, calcium sulfate and even elemental sulfur. Unlike the

in vitro experiment resultg which showed M-analog to be the lowest in

sulfur availability, only 28.8% was as available as L-methionine
sulfur, Kéhlon'et al. (1975b) in_vivo studies showed that lambs fed
M=-analog had sulfur retention, sulfur intake and sulfur digestibility
levels equal pb or_greater than those fed any other sulfur source,

including DL-methionine.

M-analog and Production

Production of the ruminant animal varies with_species.A Sheep
production is measured iﬁ amount of wool produced and lamﬁs weéned.
Dairy cattle have much different production measurements. Large\
quantifies'of’high‘quality milk is the.major criteria of production

evaluation, along with reproducﬁive performance. Beef cows have two
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paraﬁeters of measurement:‘ weaning the heaviest célf possible and
returing to estrus for the following breeding season as soon a§
possible, M-ana;og research has been conducted onleaehzspecies,.with

major emphasis on dairy cattle.

Dairy Cattle

M-analog, first uséd,to experimentally tfeat ketosis in dairy
couws by McCarthy et al. (1969b), was discovered to imbrove milk
production (Griel et al., 1968). Milk production and'butterfat
content have.been observed with positive effects on both parameters of
production by Polan ef al. (1971), Bishop (1971), Fosgate et al.
(1973); Increases in butterfat content of milk with M-analog
supplementation, but no sﬁbstantiated'increases in milk production
were lllustrated by Van Horn et al. (1975)-and Bharagéns et al.-
(1977). Experiments in which M-analog did not improve éilk éroﬁuction.

or butterfat content of milk in dairy cows have been repoftéd by- -

Burgos and Olson (1970), Hutjens and Schﬁlfz (1971), Whiting et al.

(1972), Bouchard and Conrad (1973),vFuqﬁay et al. (197#), Olson and
Grﬁbaugh (1974) and Williams and Whithurd (1975). |

Fuquay et al. (1975) examinéd MFanalbé's effect oh_the.
réproduotive performance of dairy cows. A comparison of the M-analog
to control diet shows a reduétion ip the number of days to first
estrus from 45.8 days for control cowys to 38.6 days for'M-analog
treated éows. Day;-to conception were reduced from 135.4 to 115.1,

‘with number of services to conception decreased from 3.03 to.1.72.

Similar data collected by Chandler et al. (1976) indicated that dairy
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couws on control diets requifed 2.gjserviées ber conceptioh énd were
open ;n éverage of 156 days. Supplementation of M-analog at .125% of -
the diet to treatment cows cut seb#ice’to congeétibn ratios‘to,1;8'to

2.2 services and days open were reduced to the 124 to 134 day range.

Beef Cattle

| Literature on beef ca;t;e fed M-analog_for'fatten‘indicates
reduced palat#bility (Sather et al., 1975, and Johnson and Totusek{
19%6),, no benefits to gains or feed efficiencies (Gosset et al.,
1972, and'Thomas and Langford,’1977), anﬁ even depression of gain
performance when urea was fed to early weaned calveés (Winter, 1976).

In the iéctating béef‘cow, results have been siﬁilar'to those‘in'
dairy cattle. Varnéb~(197n)-used 78'straight bred Hereford cows
divided into three freatment groups: Control cows fed»O'grams,-cqws'
fed 5 grams,:and cous fed 15 grams M-angiog per day.- Cdus wvere fed
frém about 30 days befdre predicted calving,&ate until an average sf\
60 days after calving. There was a significant increase in'butterfat,
milk productiop aqd 4% FMC for cows fed the 15 grams of M;analog per
day. Weaning weighfs anq adjusted 205 day'weighfs.?or calves from the
.same couws were significantly éréater_than those of cows on the gontrol
ration. |

in‘contrast, Varner et al; (1975) found‘do differences in
treatmenté using 0 and 10 grams of M~analog per day from 30 days
before the predicted eélving:dgte uhti1'60 days aftgﬁ calving.

Reproductive performance was altered by M-énalog subplementéfion.

Varner (1974) decreased the postpartum period from 48,5 days with .no





























































































































































