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Abstract:

Two trials were conducted to determine if level of phosphorus, ratio of calcium to phosphorus, or the
addition of "temptors" to mineral mixtures would affect mineral consumption by beef calves being fed
a Tow phosphorus ration, and to observe the effects of these mineral mixtures on growth, weight gains,
and blood composition of the calves.

Forty weanling Hereford steer calves were used in the first trial.

The calves were divided into eight lots, and one steer from each lot was assigned to each of five pens.
All calves received a ration consisting of dry rolled barley, molasses dried beet pulp and soybean meal,
and low phosphorus swamp-grass hay. The calves were individually fed. The lots received either 0, 5,
or 10 percent phosphorus in their mineral mixtures, and one of the following ratios of calcium to
phosphorus; 0:0, 0:1, 1:1, 2:1, 5:1. The pens received either no "temptor", Vitamins A and D, trace
minerals, active dry yeast, or "Stoc-Joy" added to their mineral mixture. Each calf on Experiment I
received a different mineral mixture.

In the second trial forty weanling Hereford steer calves were used and were divided in the same manner
as those on the first experiment.

The ration fed consisted of dry rolled barley, molasses dried beet pulp pellets, and soybean meal, and
low phosphorus swamp-grass hay. The calves were individually fed. Each of the eight lots received
either 0, 7 1/2, or 10 percent phosphorus in their mineral mixture, and calcium:phosphorus ratios of
0:0, 0:1, 1:1, 1:2, or 2:1.

Records were kept of mineral consumption, salt consumption, feed consumption, weight gains, and
plasma phosphorus, carotene, and vitamin A levels for the calves on each trial.

The calves failed to consume enough mineral to make one gram added phosphorus intake per day for
any lot on either trial. Feed consumption was somewhat less than expected, especially during the
second trail when the calves found the beet pulp pellets unpalatable. Weight gains were adequate in the
first trial, but slightly low in the second because of the low concentrate intake. Plasma phosphorus
levels indicated inadequate phosphorus nutrition in both trials. Plasma carotene and vitamin A levels
indicated adequate carotene throughout both trials.
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ABSTRACT

Iwo trials were conducted to determine if level of phosphorus, ratio

of calcium to phosphorus, or the addition of "temptors" to mineral mixtures

would affect mineral consumptior by beef ‘calves being fed a Tow w phosphorus”
ration, and to -observe the effects of these. mineral mixtures on ‘growth,
weight gains, and blood compos1tion of the calves.

Forty weanling Hereford steer calves were used in the first trial.

The calves were divided into eight lots, and ohe steer from each lot was
assigned to each of five- pens. All calves recéived & ration consisting
of dry rolled barley, molasses dried beet" pulp and soybean meal, ‘and low

' phosphorus swamp- grass hay. 'The calves were individually fed. - The lots
received either 0, 5, or 10 percent phosphorus in their mineral mixtures,
and one’ of the follow1ng ratios of calcium to phosPhoru3° 0:0, 0:1; 1:1,
2: 1, 5: 1. The pens received either no "temptor", Vitamins. A and D, trace
minerals, active dry yeast, or-'"Stoc-Joy' addéd to theitr mihéral mixture,
Each calf on Experiment I received a different mineral mixture :

In the second trial forty weanling,ﬂereford steer ca1Ves were used
and were divided in thé same manner as those on the first experiifent.
The ration fed consisted of dry rolled barley, meolasses dried beet pulp
pellets, " and "soybear meal ‘and low phosphorus swamp-grass hay. The calves
were individually fed. " Each- of ‘the eight lots received’ either 0,"7%, or'
10 percent phosphorus in their mineral mixtire, and calcium phoaphorus
ratios 0f-0:0;, 0:%; 1:1, 1:2; or 2:1, .

Records were kept of mineral consum@tion, salt consumption, feed
consumption, weight" gains, and plasma’ phosphorus, carotene, and V1tam1n
A 1evels for the calvés on each tnial : .

The calves failed to consume enough.mineral to make one gram added
phosphorus intake per day for amy lot on either trial, Féed corsumption
was ‘somewhat less than ‘expetted, especially during the seéond trail when
the calves found the beet pulp pellets unpalatable. Weight gains weie
adequate in the first trial, but slightly low in the sécond because of the
low concentrate intake. Plasma. phosphorus levels . 1ndicated inadequate
phosphorus nutrition in both trials. Plasma carotene and v1tam1n A 1eveis
1nd1cated adequate carotene throughout both’ trials. ) e
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INTRODUCTION

Ca101um and phosphorus are recognlzed as 1mportant nutrients in ani-
mal and human nutrition and are supp11ed in various forms to 11vestock and
poultry throughout the world In the dlscuséion of the mlneral require-
ments‘of animals, calcium and phosphorus are conslstently treated together,
because they are interdependent. rCalcium and phosphorus appear‘to function
in similar areas of metabolism. Calclum is the most abundant element in
the skeleton, and is 1nvolved in the blood clottlng mechanlsm, as Well as
the preventlon of 1rr1tab111ty and'tetany, Of the two, phosphorus has the
more widespread use in the’anlmal body. ?hosphorus has some fourteen func-
tions and is one of the nore important elements in metabolism. . A few ot
the more inportant-functions of phosphorus are as follows:n a constituent
of the skeletal processes, an integral'part of many of the enzyme systems,
and a necessary constltuent of the carbohydrate metabollsm cycles
’(Mltchell 1947 Gemmlll 1956) '

The requlrements by beef cattle for calcium and phosphorus have been
the subject of considerable research.- The daily-requirements have been
establlshed largely through dry-lot supplementatlon, u31ng forcewfeedlng
methods, and metabollsm studles There have been a number of trials con-
ducted comparlng forcenfeedlng with self—feedlng of mlneral mlxtures,lbut
the'majorlty of these trlalsyhave been conducted using range cattle,
either heifers of adult cows, with emphasis on reproductive performance;

"Most of the work on steers has been in reference to fattening, nith little
or no work published concerning the self-feeding of mineral mixtures.to

wintering steer or heifer feeder calves.
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ln eastern Montana, much of the forage is deficient in phosphorus

especially during late fall and.winter. ln some areas, this deficiency
is serlous and many cattle herds do not recelve adequate phosphorns,
‘Force-feeding mlneral supplements to many of these cattle is not pracLlcal
because often the only source of feed 1s dry range grass. thtle data is
available on the consumptlon of free ch01ce mineral mixtures containlng
different levels of phosphorus and/or calcium; and to what extent palat-
ability affects consumption. -

At present, almrneral mixture'containing ten percent or more of phos~
phorus is reconmended_to Mbntana cattlemen. Thisrrecommendation is based
on the assumptlon that cattle w111 consume a certain amount of the mlxture
per day and obtaln some phosphorus-from range forage° No records are »‘
avallable on the actual consumptlon by cattle of the recommended nineral
mlxtures: Most of the commerc1al phosphorus supplements made in Montana
contain at 1east.ten_percent phosphorus and 1ess than tWenty percent calw_'
c1nm, whereas supplements bw ught 1nto the state have averaged in the
past, about flve percent phosphorus and from fifteen to twenty percent
calclum. The mlxtures that are shlpped into ‘the state also often contain
1ngred1ents of questionable value, and sell for a high prlcee

Because of the lack of data on which to make recommendatlons to the‘
cattlemen of Montana, a series of m1nera1 trlals was initiated at Montana
State College in the w1nter of 1955 56 - The objectives were to determine
the effect of selfcfeedlng Weaned beef steer calves mlneral mlxtures vary-
lng in percent phosphorus and calclum-phosphorus.ratlo as supplements to

a wintering ration which was low in phosphorus; to determine the effect of
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vitamins A -and D trace minerals, "flavors”, or 1ngred1ents other than min~
eeels upon palatablllty of mlneral supplements as measured by utillzatlon
and coﬁsumptlon, and to observe the effect of consumptlon of these mlneral

mlxtures on growth welght galns, and blood comp051t10n of the calves.
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REVIEW OF LITERATURE

The role of mlnerals in anlmal nutrltlon has been the subJect of con-

siderable research. There are many problems still unsolved -and conflict-
ing»results are common. The present author has attempted to report.the
flndlngs of prev1ous authors representatlvely, and to point out dlfferences
in flndlngs. | - |

HMineral Functions

Minerals functlon in several general ways in the anlmal body. They
contribute to the body structure, and are involved in the maintenance of
the structure and organs. .M;neralslare involyed in muscular activity, re~
productlon, milk production, and'bther'productive activities of the body.
_ They are an'lntegral.part of mhny enzymelsystems, and are involved in the
synthe51s of certain vitamlns by rumen mlcro-organlsms. _Oﬂitchell, 1947;
Reynolds, 1953; Bentley, 1954) |

Phosphorus is the most 1mportant of the dletary essentlal mlnerals g
other than sodlum chloride. Seventy-flve to eighty-flve percent of the
phosphorus in the anlmal body is contalned in the skelton° Thosphorus is
essent1a1 in carbohydrate, proteln, and fat metabollsm. (Mitchell, l947;

Reynolds, 1953)

Deficiency Symptoms

.vSymptoms of phosphorus”deficiency in cattle are depraved appetite,
and bone chening in the early stages. Impalred growth and stlffness of
the forequarters ("Creeps" in Texas, "Styf31ekte" in South Afrlca) are

noticed in the more advanced stages. Depraved appetite has caused cattle

to eat decomposing carcasses containing Clostridium Botulinum. This
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organism produces a toxin which results 1n "L01n Disease" (U.s. ) or
"LamSLekte" (South Afrlca) Caif crop, weaning weight, and Weight at
eighteen months are 1ncreased when cattle prev1ously show1ng defic1ency
symptoms are properly supplemented with phosphorus. Time required by cows
to re—breed is shortened and lifetime production increased by supplemen-
tation under Texas Coastal Plains conditions° (Black gm.“l 1949)

‘Symptoms of phosphorus defiCiency in young cattle are bone chewing,
gnawing of wood, poor appetite (espec1ally for roughages), stiffness of
joints, and poor phys1ca1 condition Bone cheWing 1s a spec1f1c symptom
of phosphorus defic1ency because animals def1c1ent in ca1c1um, even to the
p01nt of tetany, do not chew bones When young cattle“are supplemented
with phosphorus they'show 1mmed1ate appetite stimulatlon, and more eff1c1~
ent feed utilization, as well as an 1ncrease-in plasma,inorganlc_phos-
phoruS'levels.‘_(Ehles et al., 1933).‘

_Hodgson'gt al. (1948) reported that steers receiuing‘sub-optimal phos~
- phorus in their rations are unthrifty in appearance; make low gains, have
poor appetites, and are inefficieht.feed convertors. Their data also in-
dicates that the inorganic plasma phosphorus level is related to phosphorus
in the diet.

Heifers fed phosphorus deficient rations failed to gain normaily, and
eventually ceased to gain. The cessation of estrus corresponded with the
cessation of growth. jThe phosphorus deficient heifers developed bone-chew-
ing and coprophagia. Their inorganic phosphorus dropped from 9.6 to 3.9
milligrams per 100 cc. of serum. Heifers fed the same ration containing

0.13 percent phosphorus, supplemented with dicalcium phosphate to furnish
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more than 0.4 percent of their ration gained notmally while the phOSPhbrus
déficient heiferslceased to grow. The supplemented heifers did noﬁ develop
bone-chewing or cdpropﬁag;a, and they maintained about nine milligrams of
phosphorus per 100 cc. of serum: Phosphorus deficiency was reported to
have no effect on body témperature, digestibility, fietabolizability of food
energy, the fespinatory quetient; nor fagting catabolism, (Kléibef, 1936)
| ip é Montana trial, 1ack of appetité and poor féeéd ¢onsumption were
the most outstanding symptoms of phosphorqs deficiency in.sfeef calves.

Thé appearance of these calQes indicated starvation. Plasma phesphotis
level was an indication of curreént phosbhorus intake, but not of previous
éhOSphorus nutrition. Wood chewing was more prevalent in the Low=phosphor-~
us fed groﬁés, but was blamed, &t least in part; on ﬁhe-finely divided
state of the concéntrate féd. Enlargemeént of the hocks and knees, and
_sdme-stiffhess weré noted until flore sunlight was available later in the
Spring; Phosphorus deficient calves were narrower and shallbwef than
_calves fed adequateé phosphorus, and thi$ situation was accentuated by eéx=
céss caléium in the raﬁiOna' Borderline phoséhorus with normal caleium in~
Eake reduced gains 24 percent without affecting féed consimption. Phos-
éhorus deficient rations produced 70 percent less gains, but alse reduced
feed consumption. (Lewis, 1950) |

Dd Toit (¥930); ottoe (1938), Thomas (1953), and Claﬁtoﬁ (1954) showed
© that yourg cattle fed ratiOﬁs déficieﬁf'in phosphotis, failed ts grow and
develop notinally. Phosphorus deffcient cattle eat more hay and salt than
normal cattlé, but do mot thrive, dccording t£o Welch (1940. He described

the symptoms of deficiency 48 follows: &he animals stand hump-backéd or
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sway-backed and in the moré advanced stages, they are lame and have Stlff
and swollen joints. Reynolds (1953), Thomas (1951), and Thomas and co=
workers (1953) reported that cows with low plasma inorganic phosphorus ex-
hlbited high plasma carotenié. |
N Mltchell (1947) stated that phosphorus deficient steers produce 10W

quallty beef

_Traee Mrﬁefals

There aré conflicting reports concernlng the results of feedlng trace
minerals to cattle. Bently ét (1954) found that Fate of dlgestion,
but not dlgestlblllty was 1ncreased by feeding trdce minerals to steéts in
stanchlons, Alfalfa'ash and_to a:lesSer extent "synthetra alfalfa ash'
1mproved digestlblllty of low quality roughages, Sodlum and potasslum
chlorlde plus mifor elements had no effect on dlgestlblllty It was sug=
gested "that the beneficisl effect of alfalfa ash is prlmarlly due to Soie
comblnatlon of known nutrient elements, pos31bly by means of a bufferlng

action agalnst organic ac1ds produced by £ermentatron in the rUmen "

(Ghappel et als, 1952) Klosterman et al., (1953) £ed steets a fu11 feed of

Lot

corn—cob méal and late cuf tlmothy hay, and tepoirted a weight gain advants

dage from Supplémefiting with trace minerals. They reported that the poot
quality ha§ was déficiént ifi traéé minétaisa

Smi th 2_,~i‘ (1954) found o advantage from. SUpplementlng trace in=
erals to calves during the W1nter1ng phase of a trial with beef calves‘

These calves Were fattened by a self-feedlng method follow1ng the wrnter

phase of the trlal Durlng thls period, the trace=m1néfa1=fed lot gainad
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trace-minerals.

No.weight advantage was obtained‘from adding trace:minerats_to‘rations
for cows or calves. (Iotusek,_gt éiy, 1955), Plumlee EE gl. (1953)‘fed
tW1n steers, and reported that trace mlnerals depressed the appetlte of the
twin fed Purdue Supplement A and corn cobs The twin fed no trace minerals
galned faster in a11 cases. | h '

CALCIUM AND PHOSPHORUS REQUIREMENTS

Dletary requlrements

The calcium and phosphorus requlrements of growing anlmals are afrectw
ed by several factors Otto (1938)_reported that the form in which calclum
and phosphorus occur, the calcium;phosphorus ratio, and the udtamin D con-;
tent of the ration greatly affect.absorption and utilization ot the miner-"
als. .He stated that‘sblubility-determtneS'availability. He found that 8.5
grams of phosphorus and 16 4 grams of calcium per day 1slsuff1cient for
normal growth in cattle, whereas, 5.8 grams of phosphorus and 12. 0 grams
of.calclum per day is not sufflclent-for normal growth.

Theller (1932 1937) reported that recogn1zed requrrements were not
accurate under all condltlons, and that requirements were affected by rate
of growth Beeson et al (1941) found the dally phosphorus requlrement of
the beef steer to be 0. 18 percent of the dally ration, or 2.0 grams pex
hundred pounds 1ive weight Mitchell (1947) gave the daily requlrements
for the calf as 0.27 percent of the ration as calclum, and 0.19 percent of
the ratlon as phosphorus.' The Natlonal Research Council (1950),'and
Morrison Feeding Standards (Morrlson, 1956) give the requlrements according

to age, weight, sex, and type of productlon,




In a halance trial, equilibrium was reached with lambs when 1.9 to 2.1
grams of phosphorus per 100 pounds live weight'was furnished daily.’

(Gallup and Briggs, 1950)

BlOOd phosphorus 1eyels

The use of blood'phosphorus 1evelsvas a tool for the diagnosis of
phoSphorus deficiency has met.with varied acceptance.: Malan (1928)‘reports
that phosphorus derioiehcy ln a'pasture'is directly refleeted in the bloodi
of cattle graaing over it. . Greaves et gl; (1934) found a close relation-
ship between phosphorus inrake and blood phosphorus.

The sugéestion was made hy Long g;(al, (1952), rhat Workers using in-
organic phosphorus as a measure of phosphorus.nutrition exercise considerw
able.caution in the interpretation of deta. They reported an average,of
7.5 milligrams.of phosphorus per 100'cc' of plasma in helfers under six
months of age. Two years later the helfers averaged 4 5 mllllgrams of
phosphorus per 100 cc of plasma. Thls trend mlght obscure any benefit from
supplementation; A ser1es of analyses on f1ve-hundred~51xty anlmals at
the Wyoming Hereford Ranch 1nd1cate thaf blood phosphorus 1evels vary w1th
age and sex. (Payne et al. 1946) A s1m11ar trend was found in dalry cat-
tle, with heifers under a-year of age averaglng 8. 06 mllllgrams phosphorus
per 100 cc. of serum, and two year old cows averaglng 6.17 milllgrams per
100 cc. (Eveleth et al., 1937) Slmllarly Green and Macasklll (1928) found
1norgan1c phosphorus sllghtly hlgher in weaned calves than in cows.

Beef heifer calves fed adequate phosphorus had serum phosphorus levels
around 9.0 milligrams of phosphorus‘per 100 ce. whilelheifers fed.low phOSw

phorus rations dropped to 3.9 milligrams per 100 cc. (Kleiber, et al. 1936)
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SOURGES OF CALGIUM AND PHOSPHORUS'

hone meal/
Bone meal is w1de1y recommended in defdcient areas as a source of
supplemental ca1c1um and phosphotus. In an early Texas bulletln, Schmldt
(1924) descrlbed the symptoms of "Loin Dlsease", and said it could be pre-
vented by the feedlng of ”sweet bone meal” . In South Africa, control
calves 1ncreased in welght by 42 percent, Durlng the same perlod calves
fed three ounces dally of bonemeal 1ncreased 134 percent in body welght.
(DuT01t, 1930) Theller and Greene (1932), also in South Afrlca, recommend-
ed the feedlng of bone meal to control the symptoms of phosphorus defici-
ency. Plasma phosphorus was 1ncveased to 'the "recommended'' level (] mg.
per 100 cc.) by 1nc1ud1ng steamed bone meal in the ration of cattle.
(Greaves et al,, 1934) Several other authors have reported bone meal to be
a satlsfactory source of calclum and phosphorus for supplementlng rations
low in these mlnerals° (Becker, 1944 Beeson, 1941 Black 1949 Haag,
1951 Hodgson, 1948 Lantow, 1933 Maynard 1933 Reynolds, 1953; Ross,
1950 and Welch 1940)

Spper phosphate

Harmful results from flourine toxicity accompany the feeding of raw
rock phosphate to cattie“ (Reed etkgl., 1§§Q)” Deflourinated'sdper-phos—
phate,'hOWever;.has been used as_a satisfactory phosphorus supplements,
but is onpaiatable to cattle. (Hodgson, 1945; Becker, 1944) Under Texas
Coastal ?1ains conditions, fertiliaing pastures with triple;super-phosphate,
prevented phosphorus deficiency during non-drought years. (Black, 1949;

Reynolds, 1953)
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'”Dicalcium phosphate o

Calves fed dicalcium phosphate (two ounces per day) increased body
We1ght by 128 percent While those fed no d1calc1um phosphate gained 42
percent.- (DuT01t 1930) Theller (1932) recommended dicalcium phosphate as
' a supplement if both calcium and phosphorus deficiencies ex1sted in the

native forage. Heifers supplemented w1th d1calc1um‘phosphate made satis-,
factory gains while non-supplemented heifers ceased to grow (Kleiber et
al., 1936) Ross and Gallup (1949) reperted cows supplemented with dical-
cium phosphate,vmalntained a plasma 1norgan1c phosphorus average level of
four milligrams per.100 cc., while the unsupplemented cows did not have

that high a level for 23 months.

Calcium-free phosphates

“Where phosphorus alone is deficient in a ration, it might be'desirahle
" to supplement that mineral separately'from calcium. Disodium’ phosphate,
monosodium phosphate, and monoammonium. phosphate have been reported as sat—
1sfactory sources of phosphorus for cattle (Bekker, 1932; Lantow, 1932)

Calcium carbonate

In areas vwhere calcium is deficient but phosphorus is adequate in the
forage,'limestOne or calcium carbonate, is a satisfactory source of calciuﬁ
for cattle. (Boss,'l9505 Haag, 1951) Lewis (1950) found that salt con-
sumption was depressed by phosphorus deficiency and suggested that this
depression was accentuated by excess calcium in the ration of Steer calves.
On the other hand, Pope et al. (1955) noted a trend of,greater gain in

steers when 0.06 pound daily calcium carbonate was added to cottonseed meal.

The only other feed source was. native grass which contained adequate cal-
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cium and phosphorus. The authors did not attempt to explain this phenom-
enon but the trend was the. same as for previous years.

Natural feeds

No particulaf desire or craving for mineral supplements other than
common salt was demonstrated by dairy cattle fed wellrcured hay, corn sil-
age, and a grain mixture containing prbtein feeds rich in phoesphorus.
(Nevens, 1928) Reed and Huffman (1930) reported a great overemphasis of
the need for mineral supplements in their areé (Michican),' Dairy cows in
that area showed no added production from high calcium alfaifa hay over
timothy hay if the timothy-fed lot received eéual protein. Cattle, in
Arizona, were grazed on pastures Zontaining 6.37 percent crude protein,
0,227 percent calciim, and 0.178 percent phosphorus. No measurable bene-
ficial effect was shown for mineralﬁéﬁpplementation under these conditions.
(Stanle&, 1938) According to Haaé (1951), it is praétically‘impossible to
produce calcium deficiency where legumes are included in appreciable
amounts in the ration of cattle. He further reported that éhosphorusrdefi-
ciency occurs more frequently with poor quality roughages and that the prob-
lem is often complicated by underfeeding.

Excessive calcium in mineral mixtures

Bohstedt (1957) reported that miﬁé}al mixtures for cattle averaged
5.9 times as much calcium as phosﬁhorus'in 1936 in Wisconsin., 1In 1957 the
calcium:phosphorus ratio was 4,8:1; Hé'stated that this was little .

improvement in twenty years.
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METHODS OF SUPPLYING MINERALS

Force~feeding

In both fattening and wintering trials, faster and more economical
gains have béen reported when the mineral supplément was mixed with the
ration as opposed to self-fed. (Hodgson; 1948; Rosé,-1950) Requirements
of cattle for a.particular nutriént can be more easily deﬁermined by
force~feeding than self-feeding bééausé consumption can be more easily and
exactly controlled. (DuTeit, 1930; Lewis, 1950; Kleiber; 1936; Clanton,
1954) TLess palatable minerals such as deflourinated superphosphate can be
force~fed in aaequate amounts, whereas they would not bé consumed in ade-
quate amounts to preévent defiéiénc&es if Sglfuféd° (DuToit, 1930; Hodgsomn,
1948; Rleiber, 1936)

Dissolving supplements in drinking Wwater

Phosphotus supplements have been successfully administered through
drinking water to cattle. Bekker (1932) recommended 1.5 ounces of disod-
ium phosphate per head daily dissolved in the drinking water. In order to

insure solubility of the disodium bhOSéﬁate, it was necessary to add one

milliliter of 90 percent sulfuric acid pér gallon of water. If monosodium .

phosphate or moneammonium phosphate were used, the sulfuric acid was un-

necessary, but preference for treating with disodium phosphate was express-
ed. Bekker (1932) further reported that animals can utilize more phosphor-
us from water soluble,phosphates than from bone meal, and the soliuble phos;

phates are less expensive per unit of available phosphorus. HOWevef, sup-

plementation through the water supply is not practical when large quanitities

of open water are available. Two different trials in Texas showed that
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sdtisfactory resules could be obtdined by supplementing phosphorus through
the drinking water of cattle. (Black 1949; Reynolds, 1953)

Fertilizing pastures

L4

Pﬁesphéfus deficiercy symptéms weke prevénted and production inéreass
éd by fertilizing pastutes with E¥iple~superphosphate, The method was
récommenided as satisfactory under Texas céonditions. (Black 1949; Reynolds,
1953) Boneé meal, self-féd; ot okhér phosphotrus supplements were recoms
méiided to accompany fertiliéiﬁg i’ drought years. (Reynolds, 1953) Haag
(1951) stated that under range éoﬁdiﬁioné,‘suppiementafy iminerals were
economical only by direct féeeding 45 opposed to fertilizing.

Self-feeding

Self=-feeding, ox freé~choice supplementation, of ¢alcium and phosphor-
us has met with varied sucééss: According to Lantow (1933), "Livestock
undoubtedly tend to corréct inmp¥opér proportions and amounts by selection,
if pdésible, in thei¥ feed.' Bekker (1932) found éhat c¢attle will &at more
than enough to balance their fatieén if aliowed firee accéss to bone méal.
Eckles et al. (1933) recommended the feeding of bonemeal iﬁ self-feedérs
without salt to avoid overeating of salt 6r bonemeal, According to Haag
(1951)} "Cattle allowed‘frEé acéess o6 bone meal usually will censume such
amounts as may beé requited appréximitély to balance thelr ration.”

Two year's work in Oklahoma indicates that self-feeding sitiple miners
al mixtures to WinteéFing steers may not be as efféective as force-feeding
boiie meal by mixing it in their concentrates. (Ross et al. 1950) Hodgson
(1948) reported that self-feeding was not as effective a method of snpplg»

ménting phosphoris to fattening steets as was force-feeding.
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1f cattle aré to be gelf-fed a mineral supplémené‘it is advisable to
provide salt, free-choice, in -addi-i:’iqﬁ to the mineral sippleéement. (fiaag,
1951; Hodgson, 1948‘)‘

-Addi-ti-ves,- or "téﬁipté‘fs", may of may not be effec'i_:ive in increasing
constmption 6f.£rée5choice mitieral supplements. : Totusek (1955) réporied
that cows fed a mineral mixture contalning eottonsead meal congumed ten
times the phosphotus consumed by eots fed a simple salt bone meal miguurea
On the other hand, a@ise oF 1icorice had to effect on the consumgtion'of

‘minéral ‘suppleménts by fattening steers. (Hodgson, 1948)

-




EXPERIMENT I
A series of -.t¥ials were conducted during the winters of 1955-56 and
trials will be suminarized together.

1955=1956 PROCENURE

Forty weaned gfa&e Hereford skeer éélﬁéSg‘ﬁbtaiﬂéd‘ffﬁm~3111iﬂgs,
ﬁéﬁeanai were divided inte eight lots &f .five eash @h thé‘b&§is of vweipght.
The calves were fed a4 ration low. in phospherus, but othérwisé caleulatad to
produce three-fourths to ong pound of gain per day, aeceséivding te Natiomal
Research Council (1950), and Morrison (L948) feeding §%aﬁdﬂrééa The ration
consisted of swamp-grass hay; knowh to be low in phosphotus, and enough of
the following grain mixtute to balanee the ration: four parts dry rollad
barley, fout patts molasses dried beet pulp with nPcl/s'aﬂﬁ ofie part soys
Eéan oil meal. The high proportisn &f beet pulp wag maintained in ovrder to
hoid the phosphorus content of the ratiion as low as possible. A box, con-
structed of wood, and divided éqﬁally for salt and miteral mixbu¥e, was
available to thé calves individually.

Each of the eight lots ﬁas assigned to teceive a mineral mikture con-
Ealning eithér\p, 5, or 10 percent phosphorus, and oné of the following
ratios of caleium to phosphorus: 0:0, bslg 1:1, 2:1, ov.5:l. ‘Within the
eight lots; each of the five steers was assigned té a pen where it was
given an individual feeding stall. The five péns wete 4ssiphed the follow
ing a&diﬁrves which were miXed-with the basal mineral migiures: Den A,

1/ LPC (liquid protein concentrate) produced by the Great Western Sugar
Company.




ey
basal minerals only; Pen ﬁ, vitaminS'A'and Dl/; Pen C; "Fiaverﬂg/g-Pen
D,. trace mineralsé/; and Pen E, active éry yeastﬁ/, Thg complete design of .
the experiment is shown in Table I. | .
The various "tEmptors"i/ were substituted for salt to provide the

following amounts in the mineral supplements: "Fixtay-Dee" 20,000 I.U.

. vitamin D, 200,000 I.U. vitamin A per pound of supplement; "Stoc-Joy", 1.5

percent; Trace Minerals, 2.0 percent; "Yeast Culture", 20,0 percent; The
composition of the basal mineral mixtures is shown in Table IX. Salt was
also provided free-choice for each steer.

The calves were fed their grain mixture and hay about eight o'clock
in thé morning, and as soon as the grain was cleaned up, the mineral boxes
were placed before them until between three and four o'clock.iﬁ the after=
noon. At this time, the calves. ﬁere‘réigased into a loafing shed and corral
common to the eight steers of each peﬁ'so that they could exercise and get -
water. wr |

The steers were weighed each twenty-eight days, and ﬁ&ood saépies_were
taken from the juglar vein at this time. Records were kéét éf feed con~
sumption, mineral consumption, salt coﬁgumption, weigﬁt gains, and blood
plasma-carotene, vitamin A, and iﬁorganic phosphorus. ]

" During the first three monthé‘of'the trial, one pound each of sali and
mineral mixfure were maintained fogleéch stéefa Because minéral consumption
/ "Fixtay-Dee" donated by Dawes Laboratories, Inc., dh;cago, Illineis,

Dribase Stoc-Joy "A=M" donated by Flavor Corporation of America.
!  Trace Minerals donated by the Calcium Carbonate Company.
; Yeast Culture donated by Diamond V Mills, Inc., Cedar Rapids, Iowa.

"temptors", a term that will be used te collectively describe the
additives used in the mineral mixtures.

it
2
3
&
5




Table I. Design of the Experiment.

% _of Phosphorus 0% ' 5% 107
Ca:P Ratio ___0:0 0:1. 1:1 _2:1 5:1 0:1 . 1:1 2:1
Min, Mix, No, 1 - 2 -3 4 5 6 7 8
Supple, ‘ :
Penj added to
No.iMin, Mix. . | R ) : N I | . i .
A |None ... 0%:0% || 0%s5% | 5%:5% 10%:5% | 25%:5% 0%:10% | 10%:10% | 20%:10% |
Ca:P Ca:P Ca:P Ca:P Ca:P’ || Ca:P._ Ca:P Ca:P
- -plus plus ' |- plus plus plus . plus plus - plus
None None * None None None None None None
Steer No. 11 12 13 14 15 16 - 17 .18
B |Vitanins 0%:0% 0%:5% 5%:5% 10%:5% 25%:5% 0%:10% | 10%:10% |.20%:10%
A and D Ca:P Ca:P Ca:P Ca:sP . Ca:P. CasP_ Ca:P_ .Ca:P_
. | plus plus ~ plus plus plus plus plus plus
Vit.A & ) Vit.A & J Vit.A & D/ Vit,A & D Vit.A & )| Vit.A & D Vit.A & I Vit.A & D
Steer No, . 21 22 _ 23 24 . 25 . | 26 , 27 28
C |Flavor 0%:0% 0%:5% 5%:5% 10%:5% ~ | 25%:5% 0%:10% | 10%:10% | 20%:10%
. Ca:P Ca:P Ca:P Ca:P Ca:P. Ca:P Ca:P Ca:P
~ plus plus plus plus plus plus . plus. plus
- Flavor Flavor Flavor Flavor Flayor Flavor Flavor Flavor
Steer No. _ 31 .32 _ 33 34 | 35 36 37 38
D | Trace “ 07%:0% 0%:5% 5%:5% 107%:5% 25%:5% 0%:10%Z | 10%:10% | 20%:10%
Minerals Ca:P Ca:P Ca:P Ca:P Ca:P Ca:P Ca:P Ca:P
’ plus plus plus plus plus plus plus plus
, Tr. Min. || Tr. Min., | Tr. Min. |T¢, Min. | Tr. Min. || Tr. Min, | Tr. Min, | Tr. Min,
Steer No, _ 41 42 43 b4 45 46 47 48
E | Yeast - 0%:0% 0%:5% 5%:5% 10%:5% 25%:5% 0%:10% | 10%:10% | 20%:10%
B Ca:zP Ca:P Ca:P Ca:P Ca:P Ca:P. Ca:P_ Ca:P.
plus plus plus plus .~ plus plus plus plus
Yeast Yeast Yeast Yeast Yeast |[| Yeast Yeast Yeast
| | Steer No, 51 52 53 54 55 Il 56 57 __ 58

-me




Table IT, Composition of Mineral Mixtures,

A

» of Phosphoru o , . o
a:P Ratio 0%:07 0%:5% .1 . 5%:5% |. 10%:5%° | Z25%:5% 0%:10%| 10%:10%] 20%:10%
ot No. 1 2 | 3 4 5 | 6 7 8
Ingredients by [% - : '
. Monosodium o :
phosphate 0.0% | 22.3% | 22.3% 6.7% | - 0.0% | 44.6% | 44.6% | 13.4%
Bonemeal 0.0% | 0.0% 0.0% | 25.04°| 35.7% 0.0% 0.0% |  50.0%
Limestone 0.0% 0.0% | 13.0% 6.5% | 37.3% 0.0% | 26.1% | . 13.0%
salt 100.0% | 77.7% | 64.7% | 61.8% | 27.0% | 55.4% | 29.3% | 23.6%
Total 100.0% || 100.0% | 100.0% | 100.0% | 100.0% | 100.0% | 100.0% | 100.0%

-92-
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was low up to that time, three pounds each of salt and mineral were main-
tained thereafter in order to géke them more available to the steers.

One other atiempt vwas @ade to increase mineral consumptien. For one
week, the steers were released from their stalls as soon as they had fin-
ished their grain, in order ‘that they might get water, They were returmed
to the stalls after about an hour, at which time the mineral boxes were
placed before tﬁem. This practicé was discontinuéd after one week because

the steers would consistently lie down in their stalls, and showed even

less imterest in the mineral boxes. The original management procedure was

resumed at the end of the week.

Table III shows the proximate éﬁal&sis of the hay and barley used in
this trial. The analysis was made by the Chemistry Research Department at
Montana State College.

Table III. Chemical Analysis of Feeds ﬁsed in Experiment I.

Carotene

C.R. Description Mbigture"'Pfoteiﬁ_nPhbépﬁbfds"éaiéiﬁﬁ
No. of Sample - % « % V% ] % wmeg /em
7198 Hay 11,3 7.6 0.10 0.17 14

7199 Barley 10.1 2.0 0.39 0.06 None
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EXPERIMENT I
RESULTS AND DISCUSSION

1956-1957

The ration‘wés calculated according to Mbrrison,feedihg standards-
(1948), so that the calves could be expected to gain between, one;half and
threeuféurthé of a pound per day if they consumed four pounds of concen-
trates and six pounds of hay per éay;”‘The calves were slow to learn to
eat their concentrates, presumably Becaﬁse of being t?aiﬁed to their indi-
vidual stalls. The calves wefe of nervous temperament, and this condition
became progressively worse as ;ﬁe trial continued. At each weigh period,
the calves seemed more difficult to move through Fhe ch#te'for weighing and
bleeding. The ﬁa;urélly éolled.steeré in this experiment all carried the
same bran&, and the éuthpr belie%es tﬁe& represented a progeny groﬁp, be=-
cause.they were all . extremely excitabie. Theselpolléé steers were not con-
centrated in any lot or pen, so it was Hoqﬁted if they would have any sig-
nificant effect on results.

Feed consumption

Twe things were noped,which.prebabiy reduced concentrate consumption
below the expected level, First, thezzélves were allowed access to their
concentrates only three to four houfs;éach day, Second, each time the
amount per dgy was raised, the calves showed noticeable scouring, conse-
‘quently concentrates could not be incréésed,as often as desired. The |
scouring may have been due to the'high broportion of beet pulp in the ratiomn.

No definite pattern of concentrate consumption was noted with respect

to level of phosphorus or ratio of calcium to phosphorus. Neither were
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thetfe any important differences in concentrate consumption due to '"tempt=
. ors'l, Thé average daily concentrate consumption was 3.45 pounds for all
steers on trial. Table IV shows the average daily édnqentrate consumption
by lots and pens, both including controls, and with the records for the
controls subtracted out. The pen (A) that received no "fémptors" in their
mineral'ration"weré considered to be controls, as was the lot that receiv-
ed 0.0 percent phosphorus and a ratio of 0.0 calcium.to phosphorus, Sub-
tracting these records made less than 0.2 pound difference in average

daily concentrate consumption; which was considered unimportant.

Table IV. Average Daily Concentrate Consumption, Exﬁeriment I.

Average Daily Average Daily Average Daily Average Daily
Let Consumption Consumption Pen  Consumption Consumption ,
No, Includ. Controls Without Controls No. Imclud. ‘Controls Without Conixels
pounds pounds pounds pounds ‘

1 3.51 3.53 A 3.50 ‘ 3.51

2 3.28 3.22 B 3.44 3.42

3 3.50 ’ 3.54 C 3.43 3.42

4 3.46 3.44 D 3.38 . 3.36

5 3.52 3:51 E, 3.48 3.48

6 3.42 3.38 ‘

7 3.44 3.41

8 3.45 ' 3.43

‘_All the steers exhibited goéd appetite for hay throughout the trial
with the exception of the week during which they were allewed to have water
and exercise before they were allowed access to their hay. During this
week, they left considerable héy, and for this reason, the original menage-
ment procedure was resumed, The steers were offered six pounds of hay
daily throughout the trial, and most of what they refused was coarse stems,
woody plants, énd manure which was heavily mixed with the hay.  The aver-
age daily hay consumption for all steers was 5.52 pounds. Table V shows

the average daily hay consumption for the stéers on Experiment T.
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Table V. Average Daily Hay Consumption, Experiment I.

Lot Average Daily * Pen  ~ Average Daily
No., Consumption . Ne. Consumption
‘pounds pounds

1 5.58 ’ A 5.57

2 4,48 B! 5.52

3 5.51 c : 5,52

4 5.56 D 5.56

5 5.54 E 5.46

6 5.53

7 5.54

8 5.46

Mineral Intake

The mineral consumption during thié trial was extremely lew. The lot
receiving ne minerals other thaﬁ salt with fhe various “"temptors" added
took the least from their mineral boxes. Their average daily mineral con-
sumption was 0.009 pounds..per day.. The lots recei;ing the 1;1 and 2;:1%
ratios of calcium to phosphorus at the ten perceﬁt'level took the greatest
amount of minerai, with both lots averaging 0,021 pounds per -head daily.
The differencgs in mineral consuﬁptianldue to level of phosphorus or ratio
of éalcium to phosphorus were not statistically signi-f;icant° Pen G, which
received "Stec~Joy"; consumed 0.026‘pounds;per head daily, which was the
highest mineral consuﬁption for any péﬁ; Peﬁ E, the Yeast pen,‘consﬁmed
0.009 pounds per head daily which was thé'lowest mineral consumption for
any pen. The difference in mineral consumptioq\due to "temptors" was
skatistically significant (Pﬁiooéija'.Even though there weré statistically
significant differences in mine;al éonéumption, none of the lots, pens or
individuals consumed enough of their mineral migtures to balance their
ratiens for phosphorus. Tablg VI shows the average daily mineral censump-

tien for Experiment I.
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Table VI. Average Daily Mineral Consumption, Experiment I. o
===============§=====;L=============JL===£===£=============

Average Daily Average Daily Average Daily Average Daily
Lot Consumption Consumption Pen Consumption Consumption
No, Includ. Control Without Controls No. Includ. Controls Without Controls
pounds - pounds I pounds pounds ‘
1 0.009 0.009 A 0.011 0.012
2 0,012 0,013 B 0.012 - 0.012
3 0.014 0.015 C 0.026 - 0,027
4 0.013 0.014 D 0.013 0.014
5 0.012 : 0.013 E 0.0609 0.010
6 0.014 0.012
7 0,022 0.021
8 0.018 0.021

According to Nétional Research Council, Recommended Nutrient Allcwé
‘ances for Beef Cattle (1950), cal&es of this weight should receive 15 grams
of phosphorus per day. On that basis, .these calves fell far short of bal-
ancing their ratioﬁs. “All lots and pé%s averaged between 6.5 and 7.1 grams
of phosphorus intake per day, including concentrates, hay and mineral
sources of phosphorus. Lot 1 which received no phesphorus in their miner-
al mixture had the highest total phosphorus intake among the lots. None
of the lots or pens ate enough of their mineral mixture to raise the total
phosphorus intake of their rations one éram per day. Table VII shows the
averagé daily phosphorus consumptien for Experiment I.

Table VII, Avgrage Daily Phosphorus Consumption from Concentrates, Hay
and Mineral Mixture, Experiment I.

Lot Average Daily Pen Average Daily
No. Consumption - No. Consunption
| . grams . grams

1 7.01 A 6.94
2 6.66 B 6. 89
3 6.96, C 6.89
4 6.94 D 6.84
5 7.00 E 6.92
6 6.87
7 6.91
8 6.88




;32=

The salt consumption also was low, and there was very little differ-
ence in consumption between lots or pems. Lot 1 had an average daily salé
- intake of 0.012 pounds which was the lowest for any.ef the 1ots,-and Lot 6
had the highest consumption with 0,015 poﬁnds éer head‘daiiy, Among tlhie:
pens, Pen A was low (0,008 pounds per day), and Pens B, and C wére higheast
(0.018) pounds per day. No statisticai analysis was run on salt consump-
tion and no trends were noted. The average daily salt consumption by lots'

and pens for Experiment I is shown in Table VIII.

Table VIII. Average Daily Salt Consumption, Experiment I, °

- Let Average Daily Pen Average Daily
No, - Consumption No. ._Consumption
: " pounds pounds

1 0.012 A 0.008
2 0.013 ) _ B 0,018
3 0.012 ‘ . C 0.018
4 0.013 D ' 0.013
5 0,014 E 0.009
6 0.015
7 0.014
8 0,013

Gains and Cost of Gains

The average daily gain for the forty steer calves was 0.77 pounds per
head daily for Ehe 160 day trial. This gain was approximately the gain
expected from the ration fed. Table IX shows the average daily gains for

fable IX. Average Daily Gain, Experiment I..

Lot Average Daily Pen . Average Daily .,
No. . Cofisumpt Ton No., : Consumption -
‘ pounds - - pounds

1 0.69 - A 0.76

2 0.58 - B 0.70

3. 0.82 c 0.76

4 0.76 D 0.78

5 0.80 E 0.79

6 0.74

7 0.87

8 0,80
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lots and pens. The differences dre tot significant due to "temptors'; oF
the content of the minéral hixturesg Becdusé theré was less than one gram
per day diffefencé in phosphorus intaks, either by lots of pens, it is
doubtful if the minerdl mixtures had any effect on daily gdins.

Lot 2 had the highest cost pe# hundredieéight gain, with $§22,88, aid
Lot 7 had thé lowést cost per hundrediweight gain &€ $16.43. The diffiers
ences in cost per hund?edweight gain weré not stdtistically significant.
Thé higher cost per hundredweight gaiﬁ‘cofresponded close1§ with the lower
d'aily.gains° This relationship weuld be &xpected, becausé there was little
difference in feed consumiption. Table ¥ shows the cost per hﬁﬁdrédWéighﬁ‘

gain for the lots and pens on Experiment I.

Zable X, Cost Per Hundvedweight Gain, Experiment I.

Lot. ' ] Pen

No, __GCost/cwt, gain e No. ___GCost/cwts gain
1 $19.87 A $19.31
2 $22,88 ‘ B $20,19
3 $18.25 | c $18,75
4 $17.91 D $18,29
5 817,73 E $17.88
6 $20.16
7 $16.43
8 $17.83

Plasma Inorganic Phosphorus Levels

Kleiber et al. (1936) repo¥ted that serum ino¥ganic phesphorus levéls

in beef heifer calves averaged 9.0 milligrams per 100 cé; sevdim if fhe
heifers received ddequate phosphotrus in their diet. Eveleth et al. (1937)
reported an averageé of 8.06 ﬁilligrams phosphorus per 100 cc: serum in
dairy calves between seven and twelve months of age. The average élasma
incrganic phosphorus level at the beginﬁing of the trial was 63Q Wg. per

IOO.cc.; at the end of the trial the aﬁerage level was 6.4 mg,; pver 100 cc.:
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and‘the over all average, including all determinations, was 6.2 mg. ber
100 cec. Tﬁese levels indicate at best borderline phosphorus nutrition.
Because the mineral consumption was so low, it is &oubtful_if the mineral
mixtures had aﬁy effect on plasma phosphorus 1evels; Table: XI, -XII,. and
XIII show the initial, final, andﬁover all average inorganic phosphoru§
levels for the calves on Experiment I. Figure 1 shows the same information
in bar»grapﬁ,formn

L

Plasma-Carotene Levels

fhe plasma carotene level considered minimum, or bordering deficiengy
by Davis et al. (1941) is 25 micrograms per 100 cc. of plasma. At the
beginning of the trial, the calvés on this‘experiment had an average caro-
tene level of 122.2 micrograms per 100 cc. plasma. At the end o£ the trial,
the average carotené level was 128.3 micrograms per 100 cc. of piasma.
The average of all analyses was 139.4 micrograms of carotené per 100 cc. of
plasma. These levels would'gndicate that the calves had more than adequate
carotene throughout the trial, Tébles“XfV;-XV,-and gvi show the initial,
final, and average carotene leveis, rgspectively, for the calves oﬁ{Experiw
ment I,

Plasma Vitamin A Levels

" The ﬁinimum, or borderline vitamin A level as found by Davis et al.
(1941) for cattle is 16 micrograms per 100 cc. of plasma. The calves on
Experiment I had an average vitamin A levellat the beginning of the trial
of 19.1 micrograms per 100 cc, of:plasmé; At the end of the trial, the
average vitamin A level was 20.6 micrograms per 100 cc. of piasmé. The -

average of all determinations. during the trial was 26.3 micrograms per
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Table XI. Iait;g; Plasmaziﬁbfganic Phosphorus Levels, Egperimént I. ..

Lot
No.

Pen No. .
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LOT UO

Figure 1. Initial, final, and average plasma inorganic phosphorus
Experiment 1, 1955-1956.
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Iable XIV. Initial Plasma Carotene Levels$vEx-eriment_Ii,,\ﬂ_.,,

Lot B B . Pen N6, . , ) -
No., A B c D _E Total Average
1 60,2 81.3 179.2 137.8 107.2 560.7 1121
2 165.5 94.0 130.0 104.8 104.8 599.1 119.8
3 76.8 122.2 1584 117.2° 109.7 584:3 116.9
4 139.2 162.7 102.4- 8L.3 1210 606.6 121.3
5 135.2 151.4 109.7 90.5 108.5 595,.3 119.1
6 165.5 109.7 234.7 76.8 131.3 718.0 143.6
7 100.0 103.6 124.7 104:8 161.2 594,3 118.9 .
8 97.6 98.7 . 157.0 _ 151.4  126,1 630.8 12652 |

Total 940.0 923;6 1191 1 864,6 969:8 4889, 1
Average 117.5 115.4 148,9 108,% '12i.,2 , . = 122.2

Table XV. Final Plasma Carotene levels, Experiment I.

Lot ) ) Pen No: . o
No. A B C. D E  Total  Average
1 151.4 87.0 130.0 113.4 124.8 606.6 121.3
2 96.4 135,2 118.5 87.0 172.7 609.8 127.0
3 103.6 107.2 133.9 118.5 130.0 593.2 118:6
4 139.3 204.8 141.9 110.9 164,1 761.0 152,2
5 132.6 172,7 123.5 140.5 114.7 684.0 136.8
6 169.8 104.8 141.2 90,5- 118.5 624.8 123.0
7 123.4 106,0 70.1 130.0 174.2 ' 603.7 120.7
-8 130.0 109.7 . 88.2 . 150.0  171.2 649.,1: . 129.8 .
Total 1046.5 1027.4 947.3 940,8 1170 2 5132 2
Average 130.8 128.4 118.4 117.6 146.3. o . 128.3.
. Table XVI, Averawe Plasma Garotene Levelsv Experiment T, .
Lot o , Péen N6. .
Mo, A B . C D . E  Total = Average -
1 139.5 111.3 -167.3 166.9 133.2 718.2 143.6
2 113.3 145.7 122.7 135.7 121.6 639.0 127.8
3 117.8 121.5 156.6 132.9 124.6 653.4 130.7
4 169.0 201.0 135.0 123.6 1465 775:1 155.0
5 151.6 174.,9 "123.4 129.9 104.0 683:8 136.8
6 178.0 111.8 196.9 111.9 111.1 709.7 141.9
7 124.3  132.5 118.9 128.6 169.5 673.8 134,8
.8 127,0 119.5 148.4  168:.8 157.4. 72L.1 . l44.2

Total 1120.5 1118.2 1169.2 1098.3 1067.9° 5574 1 N
Avetage 140,1 139.8 _ 14652~5 137.3  133.5° _ , — 139.4
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100 cc. of plasma, Tables XVII, XVIiI;-and XIX show the initial, final
and average vitamin A levels of the steers on Experiment I. The plasma
vitamin A levels show the calves received adequate vitamin A throughout
the trial.

Phosphorus Deficiency Symptoms

At least one steer from each lot, and at least one steer from each
pen was at some time durlng the trial seen cbew1ng the poles in the corral
or the paint on the wall of the barn. Several of the steers were noticed

. chewing wood from the feed troughs or the'mineral boxes. There was no
noticeable swelling of the joints, but the hair coéts were long and shaggy
at the end of éhe trial.

Analyses of Variance

Table XX shows the analysis of variance for mineral consumption, ave
erage daily gains, and cost per hdndredﬁéight gain. The‘oniy‘statiétia
cally significant differences .were .in mineral consugétion due to "temptors"
but as mentioned before the difference in mineral consumption made less
than a gram per day differepnce in daily phosphorus intake, and was con-

sidered unimportant.
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Table XVII. Initial Plasma Vitamin A Levels, Experxment I.

Lot Pen No.
No, A B C D B Total Average

1 16.8 27.4 20,1 19,0 16,7 100.0 : 20.0

2 16.0 12.2 13.6 18.7 24,1 84.6 16.9

3 24.8 21.7 21.5 4.4 = 17,0 9%.4 19.9

4 20.3 26.5 18.3 12,2 9.4 86.7 17.3

5 15.5 31.0 - 23.9 11.7 24,8 106.9 - 21.4

6 20.6 23.9  24.1 22,1 24,5 115.2 23.0

7 18.9 17.8 - 17.5 15.5 11.8 - 8l,5 16.3

8 16.4  19.9 23.9 10.6 - 20.1 ' 90,9 . .18,2
Total -149.3 180.4 162.9. .124,2 148.4 = 765.2 R
Average 18.7 - 22,6° 20,4 1535 18.6 . - .. 19,13 ..

Table XVIII, . Final Plasma Vltamln A”Levelsﬂﬂ

Lot - Pen No, . ] .
No, A B ¢ . D E Total Average
1 14,1 . 21,5 19.0 23.7 21.6 99,9 20.0
2 16.5 16,9 15.6 21.5 13.8 84.3 16.9
3 17.8 20.3 21.5 24,7 17.6 101.9 20.4
4 15.7 31.0 25.2 19.2 21.6 112.7 22.5
5 18.8- 23,9 15,3  25.8 24,5 108.3 21.7
6 29.0 15.1 20,5 - 21.3 21.9 107.8 . 21.6
7 15.3 19.0 21.6 " 25,5 20,1 101.5 '20.3
8 23.1 21.5 25,1 . 16.0 23.1 . 108.8 . 21.8

Total 150.3 169.2 163.8 177.7 . 164.2 825.2 )
Average 18.8 21.2 20,5 . 22,2 ' 20.5 - . . 20.6

Tﬁble XIX, . Averame'Plasma_Vltamln A Levelsr Ex erimegg_l;_“ I

Lot : Pen No.

Ne. A B C . D g Total "~ Average -
1 20.8 25.4 27.8 29.2 27:9 131.1 26.2
2 25.2  21.2 20,0 30.5 23.2 120.1 - 24.0
3 27:2 27.1 27.6 28.4 23.5 133.8 26.8
4 26.6 32.6 31.4 26,2 32:6° 149.4 29.9
5 26.9 34.8 24,3 27.8 . . 28.9 142.7 28,5
6 29.1 19.8 24,4 28.8 22.4 124.5 - 24,9
7 25,0 24.8 24.6 . 26,0 22.8 123,2 . 24,6
8 24,7 25.7 - 28,0 - 23.7 24,0 126.1 C 25,2

Total -205.5 211.4 208.1 °220.6 . 2G5.3° =~ 1050.9
Average 25.7 26.4 26,0 .. .27.6 25ﬂ7 R : 26.27




Table XX. Analysis of Variance Tables, Experiment I.

Source of Degrees of _ =
Variation - _Freedom Sum of Squares Mean Square F
Mineral Gohsumption, Experiment I

"Temptors" 4 ' 35.949750. 8.987438 4.57
Rations . 7 14,3[3000[, 2.044714 ' l.Oﬁ
TxR 28 55.10200 1.967929

Total 39 © 105.36475

Average Daily Gains

"Pemptors” & 00.0406 - 0.0102 0.32
Rations . 7 0.4797 0.0685 2.16
T xR 28 0.8888 0.0317

Total 39 . U 1.4091

Cost Per Cwt. Gain ’

"Temptors" 4 . 26.0541 6.5135 0.31
Rations 7 141.9021 - 20,2717 G.98
TxR - 28 579.8912- . 20. 7104

oD DM e 08 em e M. T OO OB NGB 0D OO GO CR e OB O GO Gm v C3 OB O (8 O CD Gw 8 CF OO OF O3 G O (D G CO OB OB O OR O &7 N DA S COr CB oW 00 O o CX 3 08 G O3 G OB 3 e et OF OB Ox O i 03 00 GO G 8 OF TR 2 O

Total 39 747, 8474

-0'}7n
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EXPERIMENT II
Procedure

1956-1957

Forty weaned Hereford steer ca;ves were obtained from the Madison River
area, near Ennis,lMon;ana. These calves were from two herds in the same
area, and were quite uniform in size and quality. The calves were weighed
for the first time on December 4, 1956, and were divided into eight lots
of five on the basis of this weight and;érevious owner, Actual lotting took
place on December 12, 1956, and another individual weight was taken at this

time. The calves were first introduced to their individual feeding stalls

'December-13, 1956, and were dffered dry rolled barley, molasses dried beet

pulp pelletsl/, and low phosphbrus swamp-grass hay. From November 27 to
December 13 the calves had been fed only the swamp-grass hay. January 2,
1957 was taken as the starting date of the trial. The calves were welghed
in early afte?noon after standing in their stalls all morning, and being

kept from water until after they were weighed. These conditions were main-

‘tained on each'succeeding weigh day.

"The calves were fed a ration low in phosphorus, but otherwise calcu~
lated to produce about one pound per day gain. (National Research Council,
1950, Morrison, 1956) The ration conéiséed of sﬁamp-grass‘ﬁay, known to
be deficiené\in phosphorus, and enougH of the fol}owing grain mixture to
balance the ration: equal parts dry rolled barley and molasses dried beet
pulp pellets. This concéntrate mixture was continued until April 2, 1957,

1/ With LPC (liquid protein concentrate) a product of Great Western Sugar
Company. ' :
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when each steer was given one=fourth pound of soybean oil meal daily for
the remainder of the trial. The high proportion of beet pulp was maintain-
ed in order to hold the pﬁoSphorus content of the daily ration as low as
possible. Two wooden boxes, one fo; salt and the other for mineral mixture
were available individually to the calveés.

| Each of the eight lots was assignéé to receive a4 mineral mixtire cén»
taininé either 7%, 10 or 0 percent phosphorus, and one of the following
ratios of calcium to phosphorhs:q 0:0, 051, 1:1, 1:2, or 2:1. Lot 2 gnd
Lot 3 received the same mixture except that for Lot 2, Yeast Culture wag
substituted for salt to make up 15 percent of tﬁe mixture, Lot 7, and Lot
8 received mixtures calculated to éonfain the same calcium and phosphorus
percentages, The mixturé for Lot 8 waé'equal parts bone meal and salt,
whereas the mixture for Lot 7 was made ép of: a number of ingvedients. Wheat
bran and linseed meal'were substituted for salt to make up five and two and
one~half percént, respectively, of éach-of the eight mixtures. The wheat
bran and linseed meal were included to'prevent caking of the mixtures, and
to. attempt to improve palatability,_théfeby to increase consumption. The
composition of the mineral mixtures is shown in Table XXI. Within the
eight lots, the calves were assignedfat'random to one of five pens so that
each pen contained one stéer from edch loét.

The calves were fed theiir conéentratés about eight o'clock in the
morning. As soon as thé grain was cleaned up, or the calves had quit
eéting, the mineral and salt boxes were placed before them and the hay was
fed. The hay was not ﬁeq at thé same time as the grainm, because it was

noticed during the pre-trial periecd that the calves would not clean up their




Zable XKI. Composition of Mineral Mixtures,

Experiment IT.

‘}Q of Phosphorus ” ] e . 1 - - ' ‘ —
Ca:P Ratio 0%:0% | 20%:10%] 20%:10% 104:10% | 0Z:10% | 5%:10%| 15%:75%] 15%: 750
Lot _No. 1 2 | 30 & | 5 1.6 | 7°| 8
Z_[ngredi.er_;ts in %
Moposodium ) : )
phosphate 0.0% | 13.4% | 13.4% | 44.6% | 44.6% | 44.6% | 13.0% 0.0%
Steamed - B ) i ) i i
bonemeal 0.0% 50.0% I 50.0% 0.0% 0.0% 0.0% 33.0% 50.0%
Ground ) - ) ) ) ]
‘limestone 0.02 | 13.02 ] 13.0%2] 26.1% 0.0% | 13.0% | 13.3% 0.0%
Salt 92,5% | 1.1% | 16.1%| 21.8% | 47.9% | 34.9% | 33.2% | 42.5%
Wheat bran 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0%
Linseed oil . ) ~ . o .
‘meal .2.5% 2.5% |  2.5% 2.5% 2.5% 2.5% 2.5%.1 2.5%
Yeast ) o ,M , , : |
culture 0.0%2 1 15.02 1. 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
Total 100.0% | 100.0% | 100.0% 1 100.0% ‘| 160.0% | 100.0% | 100.0% | 100.0%

ms-}ia
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grain as well if the hay was available at the same time. Shortly after noomn,
the calveslwere‘turned out to water for about an hour, during which time the
grain for the next day was weighed into the troughs and covered with the
minéral and'salt boxes. The calves were then returned to their stalls and
were cenfined there until approximately four o'clock.

Each twenty-eight days; the calves were individually weighed, and bleod
samples from the juglaf vein were taken. Records were kept of feed consump=
tion, mineral consumption, salt cdnsumption, weight gains, and blood plasma
inorganic phosphorus, carotene ana vitamin A,

Three pounds of mineral and three pounds of salt were weighed into the
boxes for each calf at the beginning of the trial. Each time the minerals
were weighed during the trial the supply was restored to the original
amount. Between times of weighing, the'éupply-of mineral and salt was
watched and replenished if an individual calf appreciably lowered his supply.

Table XII shows the proximaté analyses of the fee&s used in Experiment
II. The proximate anélyses_were }uanfjthe Chemistry Research Department
at Montana State College.

Table XXII., Chemical Analysis-of’Feédﬁ'Used in Experiment II.
C.R. Description of

No, Sample . ._ ., Moisture Protein 'Phosphofus Calcium Carotene
8459 Hay | 6.4 9.2 . j'0._12- 1.27 52
8460 Barley 0.2 10.7 0.35 0.16 03
8461 SOybean 0il meal 7.9 47.3 0.65 0.46 03
8463 Beet pulp pellets 9.6 17.1 0.03  0.98 04
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EXPERIMENT II

RESULTS AND DISCUSSION

1956-57

The calves in the second trial appeared to be more uniferm in quality
than the calves used in Experiment I. The calves were more even tempered
and they were more easily trained to their individual stalls., Although the
calves on Experiment II were weigﬁeé and bled at the same interals as those
on Experiment I, they did not becamé'néEGGQS and unmanageable as those on
Experiment I. This differenée was due in part to the temperament of the
calves, in part to the éreater ekperience of the aidthor in bleeding cattle.

A pronounced underéhot jaw condition was noted in at least two of the
calves, but this had no méasurable effect on the weight gains of these
calves,

Feed consumption

The appetite of the calves for hay was good throuéhout the trial. The
average daily consumption of hay was very close to six pounds per day which
was intended at the inception of the triél; howgver, accurate récords of
hay conégﬁptiom were not kept.

The average daily concentrate intake was considerably lower than ex-
pected at the outset of the trial.. The ration was calculateé, according to
Morrison Feeding Standard (1956), to produéejone pound per head daily gain
if the calves éte five pounds of an equal parts dry rolled barle&,'molasses
dried beet pulp mixture. The calves were very slow to learn to éat their
concentrates, especially the beet pulp pellets. Some of the calves consist-

ently sorted out and refused to eat the beet pulp pellets. Other calves
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would occasionally leave thé pelleté, and others would ?efuse the pellets
for only a few dayé after an increase in allowances. According to Morrison
(1956) if the calves were to produce one pound per day gain they should
have eatén five pouqu.of concentrates per day; whereas the actual concen~
trate intake for the forty head during the 140 day frial.was 3.45 pounds per
head daily. The average ‘daily concentrate consumption is shown by lotg in
Table XXTIII. Lot 3 took: the least concéntrates with average of 3.12 pounds
.per head daily and iot 2 took the most with an average of 3.60 pound per
head daily. Because mineral consumption was so low, it is doubtful if the
differences in concentrate intake were due to the mineral mixtures. The
differences in concentrate iqtaké were more likely dﬁe to the individual

calves finding the‘beet pulpfpellets unpalatable, ' .

Table XXIII, Average Daily Concentrate Intake, Eerrimént 1T,
.—'_——'—.—'_'_———‘-"—-—-———-———-———-———-—-—_———__—__—___

Lot No. Average Daily Consumption (lbs,)
o1 3.56 , t
3.60

3.12

3.42

3.27

3.59

3.59

' 3.42

All lots o 3.45

oYUMW N

Mineral consumption

Mineral consumption by the célves on Experiment II was even lower than
‘mineral coﬁsumption by thé calves on Experiment I. Lot 1, whose mineral
mix consisted of salt with five percent wheat bran and two and one-half
percen£ linseed meal, took the most minerals. The five steers consumed an
average of 1,200 pounds per steer for the whole 140 day trial. 1The five

steers in Lot 4 took no minerals from their boxes, and none of the remain-
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ing lots (2, 3, 5, 6, 7, 8) took more than 10060'p0unds'per head for the
whole 140 day trial. Table XﬁIV,shows.the average total mineral consump~
tion per steer by lots. Because the consumbtion of minerals was se low no
statistical gnalyseé were run on the stéers in this trial. The minéral

consumption could have had no important effect on the calves.

Table XXIV. Average Total Mlneral Consumption Per Steér

v ] : 40 VS, Ex;erlmentVII,WW ) . .
Lot No. - Average Minerals Per Steer (1bs )
' —_— .- 1.200 . .
' 0.575
1.000
0.000
0.050
0.025
‘ 0.775
. v 0,650
‘Ali lots '~ o 0.534 ' .

QO PN

The average daily salt conSUmp;ioh for the calves on Experiment II was
slightly greater than for those on Experiment I. In Experiment I the daily
salt intake was 0,013 pound per head, and on Ex#erimemt II the average daily

salt consumption was 0.020 pound per head, The author has no explanation

for the low salt consumption by the calves on either trial. The average
daily salt consumption by the calves on Experiment II is showm in Table XXV.

Table»XXV Avera;e Dall Salt Consum-tlon Ex-erlment 1I.

Lot No, . - Average Daily. Consumptlon (1bs )
0,015
0.026
0.033
0.019
0,012
0.022
0,019
0,014 . . C
All lets = . 0,020

OOV B L PO
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Gains and concentrates per hundredweight gain

The average daily gain for the fdrty steer calves on Experiment II was
0.89 pound per head daily for the 140-day trial. Tﬁis‘gain was somewhat
less thaﬁ the gain expected at the outset of the trial. The calves should
haveNgaine& approximately one pound per head daily if they had c&nsumgd the
calculated ration, which, as mentioned above, they did not do. It is
doubtful if the mineral had any'effect on daily gain, because noné of the
lots consumed enouéh mineral mixture to make a gram of phoéph@rus intéke
from that source per day. Probably the most important factor affecting
gains was ;he consumption,‘ér lack of consumption of the beet pulp pellets.

Table XXVI shows the average daily gains by lots of the steers on Experiment

II.
Table XXVI; Average Daily Gain, Experiment II.
Lot No. . Average Daily Gain (1lbs,)
1 0.84
2 0.99
3 1.04
4 0.75
5 0.69
6 0.93 _ b
7 0.97
8 : L : 0.92 - e
All lots , . 0.89 . - o

The higher average daily gains correspond with the lower concentrates

Lot No.

Concentrates Per Hundredweisht Gain (1bs,)
- 423

362

298

455

473

387

369

373

(e BE N RN IS, g FURY S B
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per hundredweight gain, which are shown by lots in Table'XXVIlc

Plasma inorganic phosphorus.&evels

The plasma inorganic ph&sphorgs determinations indicated tﬁat fhe‘
calves on Experiment II were more deficient throughout the trial than the
calves on Experiment I. The average inorganic phosphorus level in the
plasma of the calves on Experiment 11 was 4,23 milligrams per 100 cc. of
plasma. At the end of‘the triél, the average level was 5.50 milligrams per
100 cc of plaéma, and the average of ali analyses was 4.59 milligrams per
100 cc of plasma. These levels were conmsiderably below the level (9.0
milligrams per 100 cc.) reported by 1<1ei‘be1§'me_ﬁtu:;;a_,‘.;];w° (1936) for heifers of
about the same age, which were receiving adequate phosphorus in their ration.
Table XXVIII shows the blasma inorganic phosphorus levels for the calves on
Experiment II at the beginning of the trial., Table XXIX shows the plasma
inorganic phosphorus levels at the end of the frial, and Table XXX shows the
average of all analyses of inorganic phosphérus levels for the calves on
Experimeﬁt II. TFigure 2 is a'grabhic representation of tﬁe initialy finaly
and average inmorganic phosphorus levels by treatments.

Plasma carotene levels

At the beginning of the triél, the calves on Exferiment II had an aver-
age carotene level af.127,6 micr@gramé per 100 cc of plasma. At the end of
the trial, the average plasma carotene ievel was 143.8 micrograms per 100
ccCo plaéma, and the average of all analyses was 161.8 micrograms carotene
per 100 cec. of plasma. These levels are well above the minimum of 25 micro-
grams per 100 cc. of plasma as féuné.by Davis et al. (1941)., It is evident

from these determinations that the calves on Experiment I received ade-
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Table XXVIII. Initial Plasma Inorganlc Phosphorus Levels, Experiment IT.
Tot ' . Pen No. . Pen No.

No., A B C D Total Average

1 6.10 2.82 3.56 4,05 4,26 20,79 4,16

2 4,88 4,57 . 4,14 4,88 4,01 22,48 - 4,50

3 3.80 5.15 4,70 3.80 3.60 -21.05 4,21

4 3:.24 4,05 6,21 4,61 3.36 21.47 4,29

5 3.08 4,77 4,61 2.67 3.32 18.45 3.69

6 4,65 3.68 4.48 4,48 3.97 21,26 4,25

7 3.44 4431 © 3.89 -5.34 4.70  21.68 4,34

8 . 3.44 4,35 4,26 5.06 4,97 22,08 . 4,42 |
Total 32,63 33.70 35.85 34.89 32.19  169.26 ‘ -

4,36

Average 4.08 4,21 4,48 4,02 ) . 4.23 . .

Table XXIX. Final Plasma Inerganic PhosEhorus Levels, Experlment II
Lot . Pen No.

No. A ! C E Total Average

1 5,91  3.05 7.93 5,57 5,81 28.27 5.65

2 5.43 4,18  6.21 4,92 4,35 25,09 5.02

3 5.67 6,36  6.77 6,93  5.10 30.83 6,17

4 5.06 4.70 6.30 7.36 3,56 26.98 . 5,40

5 444 - 4,35 5,20 5,86 6,00 25,85 5,17
‘6 4,70  6.41 4,35 7.09  5.67 . 28,22 5.64

7 4,52  5.86  6.15  6.15 6,21 28.89 5.78

8 4,70 4.26  5.67 5,71, .5.67 26,01, - 5,20
Total 40.43 39.17 48,58 49,59 42,37  220.14 g !
Average 5.05  4.90  6.07 6,20, 5.30 . - 5,50

Table XXX. Average Plasma Iﬁorganic Phosphorus Levels, Experiment II.
Lot Pen No,

No. A B C D E Total Average
i 5.21 3.23 4.85 4,60 4,61 22.50 4,50
-2 4,77 4,12 4.34 4.96 4.41 22.60 4,52
3 3.93 5,38 4.81 4,95 4,61 23.68 L. 74
4 4,26 4.08 4,68  5.33 3.46 21.81 4.36
5 4,00 4.12 . 4.81 4,06 4,66 2%1.65 4,33
6 4,04 4,57 4,52 492 4,73 22,78 4,56
7 3.94 4,70 4,26 5.39 4,90 23.19 4,64 -
8 4.24 4,00 4,80 5.00 .4.86 22.90 . 4.58
Total 34,39 34.20 37.07 39,21 36.24 181.11 '
Average 4,30 4,28 4,63 4,90 . - 4,53 4,59
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Figure 2. Initial, final, and average plasma inorganic phosphorus levels
Experiment 11, 1956-1957.
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quate carotene throughout the trial. Table XXXI, Table XXXII, and Table
XXXIII show the initial, final, and average of all analyses of plasma
carotene for the calves on Expef:i;ment IT1.

Plasma vitamin A

The vitamin A levels of the calves on Experiment II were well above

£ al. 1941) through-

the minimum of 16 mcg. per 100 cec. offplasma (Davis
oﬁt the trial as Would be expected from the high carctene levels, At the
beginning of the trial the average plasma vitamin A level was 23.70 mcg.

per 100 cc. of plasma, and at the end of the trial the average level was

35.70 mecg. of vitamin A per 100 cc of plasma. Table XXXIV and XXXV show

the initial and final vitamin A 1evéls for the calves on Experiment.II.

Phosphorus deficiency symptoms

All the calves exhibited phosphorﬁé deficiency symptoms during the
trial, but they cemnsistently refu?ed the mineral mixtures offered them.
When the ealves were turned out for water, some would consistently chew
on the corral poles or the painted wall of the barn even before driﬁking
water. Many of the mineral boxes showed evidence of having been chewed.

No swollen joints were noted, but the calves had shaggy hair coats.




Table XXXI . Initial Plasma Carotene Lev
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els, Experiment ‘II.

Lot Pen No,

No. A B C D . E . Total Averase
1 109.7 119.7 73.4 208.1 168.4 679.3 135.9°
2 158.4 145.9 85.9 108.1 132.6 730.9 146.2
3 128.7 61.3 122,2- 186.1 155.6 653.9 130.8
4. 115.9 102.4 101.2 196.9 145.9 662,.3 132.5
5 107.2 98.7 . 61.3 106.0 117.2 490.4 98.1
6 81.3 106.0 130.0 90.5 196.9 604.7 120.9
7 124,.8 81.3 128.7 143.2 183.1" 661.1 132.2
8 94.0 82,4 112,2 208.,1 123.5° . 620.2 124,0

Total 920.0 797.7 814.9 .1347.0 1223.2 ' 5102.8 .

Average 115,0 137.2 101.9 168.4 152.9 127.6, -

Table XXXTT, Final Plasma Carotene. Levels, Expériment IT,

Lot . Pen No, . :

No. A ,B C D E ~ Total == Average
1 158.4 124.,8 143,2 178.6 180.1 785.1 157.0
2 154,2 121.0 148.7 145.,9 177.1 746.8 149.4
3 44,6 121.0 164,1 178.6 216.2 824.4 164.9
4 136.5 76.8 100.0 193.8 *171.2 678.3 135.6
5 80,1 172.7 122.2 164.1 178.0 717.2 143.4
6 108.5 117.2 98.7 123.5 255.9 703.8 140.8
7 136.5 112.2 124.8 - 119,7 165.5 658.6 131.7
8 91.7 140.5 115.9 165.5 123.5 637.2 127.4

Total 1010.4 986.1 1017.6 1269.7 1467.5 5751.3

Average 126.3 123.3 127.2 158.7 183.4 . 143,8

Table XXXIIT, Average Plasma Carotene Levels, Experiment II,

Lot. Pen No. ,

No, A B C D E Total Average
1 176.6 154.3 157.3 227.5 168.1 .883.8 176.8
2 175.4 157.3 165.3 223.,6 " 172.9 894.6 178.9
3 140.5 124,0 174.6 237.0 199.3 875.4 175,11
4 164.,2° 111.8 . 124.6° 229.3 181.1 811.1 162.2
5 130.2 166.8 123.7 174.7 158.8 754,2 150.8
6 118.3 127.0 137.5 116.6 242.3 741.8 148.4
7 156,2 121.0 159.6 162.1 180.2 77%.2 155.8
8 122,1 128.2 147.6 - .218.9 116.8. 733,7 146,.7

Total 1183.7 1090.5 1190.3 1589.6 1419.6 6473.7 ‘

Average 148,0 136.3 148.8 198.7 177.5 161.8
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Initial Plasma Vitamin A Levels

Experiment. IT, .

Table XXXIV. p . »
[ e s

Lot Pen No.. .

No, A B cC . D . E Total Average
1 25,23 27,02 21.33 19,01 25.13 117.72 23,54
2 19.61 28,40 - 17.11 25.72 22,03 112,87 22,57
3 26,95 23.93 21.26 23,12 22,53 117.79 " 23,56
4 22,56 24.74 15.32 28,33 18,52 109.47 21.89
5 25.87 24,95 22,10 19,01 22,46 114.39 22.88
6 31.21° . 25,93 23.58 28.25 21.05 130.02 26.00
7 -+ 23,90 -27.38 22,74 19.12 26.22 119,36 23.87
8 29,48 - 23:62, 18,24 25,23 . 29 70 126.27 25.25

Total 204,81 . 205:97 161,68 187.79 187.64 94789 e

Average 25 60. 25,15 20,21 23,47 23:46 23,70

Table XXXV, Final Plasma Vitamin A Leveié=2 Experiment .II.

Lot. ' Pen No. ] S S N

No. A B C D . E . Total Average
1 3T.24 24.35 36,51 24,97 51,76 178,77 35.75
2 43.23 29.34 30.68 40,56 ° 40.80 184,61 36,92
3 42,73 31.31 47.55 40,73 32.75 195,07 39,01
4 32,86 20.31 37.53 46.95 29.34 . 166.99 33.40
5 22,81 38.97 35.74 37.36 32.50 167.38 . 33.48
6 34,51  24.32 24,95 36,65 43.86 164.29 32.86
7 41.08 23.23 53.80 ' 34.33 36.76 189.20 . 37.84
8 37.01 30,19 47,65 ' 37.29 29,70 181.84 36,37

Total 285.47 222,02 314.41' 308.84 297.41  1428.15 ‘

Average 34.43 27.75 39.30 38.60 37.i8 . 35,70
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SUMMARY

Two trials wére conducted to determine if level of phosphorus, ratio
of calcium to phosphorus, or the additiop of "temptors" to ﬁineral miﬁtures
would affect mineral consumption by beef calves being fed low phesphorus
wintering rations, and to observe the effect of these mineral mixtures on
growth, weight gains and blood cqmposition of calves.

The first experiment was conducted during the winter of 1955~1956f
Forty weanling Hereford steer calves were divided into eight lots of five
each, and-oné steer from each lot was placed in each of five ?ensa Eight .
basal mineral mixtures were used so that one steer of each’pen received a
mineral mlxture contalnlng either zero, five or ten percent phosphorus, and
either a 0 0 1:1, 0 1, 2:1, or 5;1 ratio of caleium to phosphorus. The
five pens received either no "temptors", vitamins A and D, tracé minerals,
"Stoc=Joy", or acﬁive dry veast in their minetral mixtures. With tﬁis de-
sign each of the forty steers received a different mineral mixture.

The second’experlment was conducted during the winter of 1956- 1957.
Forty weanllng steers were lotted the sameé as the year before with each

\
pen containiﬁg one steer from eight different treatments. Thefé were five
steers réceiving each mineral mixture. One lot of five raceived only salt
with five percent wheat bran, and 2.5 percent linseed oil meal in their
mlneral boxes, and the other lots received either ten percent or seven and
'oneuhalf percent phosphorus in their mineral‘mixtures with ratios of 2:1,
1:1, 0:1, or 1:2 célcium to phosﬁhorus in.their mineral mix£ures. Oné of
the lots receiving a mixture containing ten percent phosphorus and a ratio

of 2:1 calcium to phosphorus, had fifteen. petcent as yeast. One .of the
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lots containing seven and one~half percent phosphorﬁs was made up of fifty
percent steamed bone meal and forty-two and one-half §ercent salt with the
rest of the mixture as wheat bran and linseed meal. The other seven and
one-half percent mixture was formulated to have the same calcium and phos~
pﬁorus coﬁtent but to be made up of several ingredients.

In both experiments, the calves were individually fed and had individ-
ual mineral and salt boxes. Records were kept of feed consumption;-ﬁineral
consumption, and sa;t consumption. Weights and blood samples were ;taken
each twenty-eight days, and the blood was analyzed for piasma inorg;higlf
phosphorus, plasma carotene and plasma-ﬁitamin A,

Consuﬁption of minerals was very low in both trials, and there were not::
enough differences to be important even though the differences due to T
"femptors" were significant (P<0.01l)., None of the calves ate enough miner-
als to provide adequate phosphorus to sufplement the phosphorus deficiency
symptom by chewing wood, and the painted ﬁa11 of the bafn, or the wooden
boxes in which their minerals were placed. Salt consimption was;very low
both ye#rs, and especially low the secogd yéarc No explanation for the low
intake of salt was found, |

Concentrate consumption was slow dﬁring both eiperiments, The first
year it was thought to be due to the extremely nervous temperament of the
calves, The second year, the low concentrate intake was blamed on the
unpalatability of beet pulp pellets fo%'many of the calves.

The phosphorus determinations on the blood indicated borderline, if not

deficiency intake of phosphorus during both trials.

Carotene and vitamin A levels in the plasma indicated adequate content
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of carotene in the hay during both experiments.
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