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CHAPTER I 

imoDUcnoM 

The mlnerale iron# copper, manganese, and aiagnesinm are not 

provided in optianaB anonnts bgr adlk alone fear rapidly groiring oalves. 

Since the e^ eats very lit^e hay or grain for the first three or 

foar veeks, U>aee sdnsrals are frequently indnded in iBilk»reidaeer 

fonailas to insnre an adeq^te intake. It has not been sboHn that 

it is essential to add tlMse Minerals to the milk. It is possible 

that addition of these Minerals to the starter ration alone would 

be sufficient for calves raised <»i the liadted milk feeding plan. 

If traae Minerals could be omitted fron the Milk repl«o«3r» this 

would siupli^ the fonmla and miidit result in greater stability of 

vitsMin A, or other essen1d.al nutrients, in the fomula. 

Vhole milk, the young calf's natural food, is generally too 

eaqMinslve as a feed for calves. However, Most nutritionists agree 

that for normal growth a oertain amount of wAlk should bo fed (1*2). 

Xaay experiments have been conducted to find more eoonomieal and 

efficient methods of raising dairy calves. Much j^ogress has been 

made in developing a milk replacer iddLch would be practical fcr the 

average dairyman to use. Feeding minimum sMoants of Marketahle 

whole Milk and getting the calf to eat biy and grain at an early 

age has bem emphasised in more recent work. Hay and grain products 

https://essen1d.al
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ar« gsnerally rlolitr la th« larae* alnerals than la nilk. 

Zha pnrpoaa of thla Imrastlgation was to datendne the mod 

for adding traee Maerala to the noraal feeda of ealvea raieod fej 

a Halted adlk feeding plan, and to detemiaa whether aveh ninerala 

ahoold be added in the idlk, in the oonoentrate or in both* 

-.i ^ •. 

. -.1 • 

'V" 

,;v- »i-

''r 
V. ' T 
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rEVXEV of LirmTDRE 

Trace wlnerala In milk, Althou^ allk eontaina all reported 

•aientlal aiiwralB^ their eonoentrati(m la Inadequate vhen grovlng 

aainala are forced to exlat on a diet of milk alone (2h). With tfaia 

in nind^ silk eould not be oonaidered a perfeet food. The aajtxr 

■Inerala^ pbotpborua, ealeiuet aodlan, end ehXcolne «re preaent in 

adequate amenta in nllk end vill not be diaooaaed ainee cnilj- the 

eaaential trace nlnerala are tiae aain aubjeot of thia attufy. Theae 

trace niner^a lnolude;» iron, eopper, nanganeae, iodinef cobalt, 

aagneaive and sine. 

In oi eeonowioal calf raiaing progran odoatm eoeld be fed 

to new-bom calwea for a period of aix to nine dagra. Thia ia aaaen* 

ing that extra ooloatran Ir atored and uaed ea needed. OnlF United 

data arearailable regarding the lewd of traee nlnerala in bovine 

eoloatmn. In a review Archibald (2) it waa reported that 

eolostrun haa a higher percentage of all trace minerals then does 

normal milk. The level of traoe nlnerala in eoloatmn and normal 

milk aa reported by Archibald is presented in Table I. 

Todi^ awNit calvea are raised cm a limited adlk feeding plan* 

After five to ten dagra the young calf ia fed in place of idiole 

milk a milk adbatitnte, generally a powder of akiadlk and other 

milk products which la reecmatituted ia water. Skimmilk powder la 



TABLS I 

OONGEIiTRATIOli OP TRACSS MINERM.S IH COLOSTSQH iXD IfSLX* 

Mineral CoXoartoOR Romal nilk 

P0» 

Oebalt .0036 .001 

Ooppar ♦50 .13

Iodine .12 •Olt 

Iron 1.30 .lt5 

Mangaaeaa .lit .03 

Zine 5.? 3.7 

♦Arohlbald, J. O.y Traoa in KUkt A lUnrlnw, Part 
II. Daily Saimoa Abatraot, 20« 6CX}. 1958* 
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also low In trace Kliuarale. Hoewfor, pound for pound tklmdlk would 

have a higher percentage of traoe ntnerala than noraal nilk heeaoae 

the ninerala are water-soluble and no ntnerala would be lost In the 

fat whioh la renoved in aeparation. 

Archibald (2) reported that ttore la aone relatioxiahip beteeen 

the traoe ninerala in feed and the traoe ninerala found in sdlk* 

The cobalt in nilk can be inereaaed hgr adding a eobalt aupplenent 

to feed* Iodine in nilk ean be Inereaaed to a great degree by add 

ing it to feed iddeh the oew oonavnea. Iodine la gwomrally hiidier 

in nilk fron aninala raised in coastal areas* Manganese wgr be 

increased in nilk by feeding a nanganeae aui^lenent* Zinc nay be 

slightly increased in the sane namier* Iron and copper show no 

such reapcmse, althou^ diets low in copper reduoe the anount 

nornally present* 

Trace ninerala in feedstuffs* only ether source of traoe 

ninerala anong^natwal feeds used in calf raising is forages^ 

such as hay and silage or pasture, and eonnsn grains used to prepare 

eoneentrate feeds or starters* The National Researeh Council (U7) 

has published data which give the trace nineral level in various 

forages and grain. As a general rule hay crops are higher in 

ccqpper, cobalt, iron and nagnesliOB than are the grain crops. Grains 

eontain a hiihef level of Iodine. With the exoeptlon of eom the 

grain and hay oriqw have about the sane level of nanganeae* Com 

is very low in nanganeae* The sino level la fairly constant in all 



6 

aropi. Tabl« U showB tb« traoo mineral laral In se'reral repreaentatlra 

forages and grains. Also the level of trass miiisrals in sogrbean oil 

■sal and wheat hrei is shosn as irablishsd I37 Morrison (U6}« 

Nutritional role of the traoo minerals. The need of calves for 

^ese traee minerals has been studied hy several investigators 

(B, 28, 36, Si)* It is known that ir<m is an essential oonstituent 

of hemoglohin. Iron is also a oonstituent of the ehromatin substanee 

of the body oells ami is inrobablgr oonssmed in the oxidation-reduetion 

proeesses ooourring within the organisn (2U). Knoop et (3U) 

rep<mrted that oalves m an exolusive adlk diet developed ansmia at 

about 120 dagrs of age« as evideneed 1:^ tntynriftinesst retarded growth^ 

and low hemoglobin ecmeentration. It was found that the addition of 

iron alom to the raticm did not prevent anemia. Several ether 

minerals were added to a milk raticm^ and it was found that a eombina-

tion of iron and oopper would prevent anemia. Copper seemed to act 

as a oataljrst in the formation of haa^obin aeoording to Elveh^em 

^ jd. as ri^fKtrted hy Herman (2k) • Rnoop 4^. {3k) prevented 

anmaia in oalves bgr feeding liOO mg. of iron and liO mg. of oopper 

daily. 

Matrons ^ <d. (lil) studied the iron and eoj^er requirements of 

oalves on purified diets. They fouml that oalves receiving no 

aipplemental iron beoame aooeaie and gained less thm those on 30 mg. 

and 60 mg. intake of iron daily. Thirty or 60 mg. of iron daily 

were sufficient either to maintain nmnaal red-eell volumes and 
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TABLE n 

TRACE MINERAL CONTENT OP REPRESENTATIVE FORAGES AND GRASSES 

Alfalfa and Soybean Wheat 
}Q.neral light grass Alfalfa Com Oats neal bran 

hay hay 

ag^ per lb. 

Copper 6.2 1.3 3.0 7.5 5.3 

&on lOli.O 108.0 1I4.O 36.0 72.0 126.0 

Iodine .055 .152 

Manganese 17.7 23.5 2.7 19.5 13.6 51.0 

Magnesiiim 1300.0 lli50.0 770.0 860.0 1180.0 2700.0 

Zine 7.7 8.9 

Cobalt .068 .060 .010 .029 

V..-' ■/ 

"fei 

.V.O . ■ . ' • 1 
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bmoglobln or to iBoroaie Vam bMoglobin of oosoMle omlvoo from m 

«firi4P> of g. to 8.0 g« per 100 wCL* dariag 16-20 neeko* ThMpe 

vat no dlffertmoe la hmwglflMa between tbe 30 oad 60 ag. intake 

levelt. The pereentage of iron tttlUoed vat 60 per oent of the 

30 ng* and 30 por oent of the 60 ng* level* Withont aiqipleMntal 

ooppeTi tertn copper deereaaed, bat an intake of 6 ng. of eopper 

daily naintained it at a nomal level* Bennettt vt id* at reported 

by Matrone (Id) stated that a dally intake of 60 ng. of oopper 

prevented anenia in grating oattle in Vettern Aettralla and nelntained 

nonal henogpLobin and ocppor eoneentratl^it in blood. 

Thenat et al.(71) fed 100 ng* of ir^ per day to ealvet that 

vere noderately anenio. Tlilt oaused an inoreate in the maftMr of 

their red blood eellt and henoglobln levelt. Iron alone or iron in 

eoid)lnation vith oopper, cobalt, and nanganete cored -Uie aneadLo 

oondition in thete yoimg ealvetf whereat, oopper, cobalt, and 

fed alone had no ovrative properties. 

The role of nagnetiaa in natrltion it not very well «ad«rttood* 

Xagnetien tefieiency nay retelt in tetaBy (27)* Hoffnan and Hobinton 

(27) observed tetany In calves shewing nomal blood calcion vaLnes* 

l«ater Dancan and Hoffnan (16) pmpoted that tlai tetany vat being 

canted by "tayponagnasenia.* The blood valoet r^p<arted for nagnesiun 

by these workers showed a narked lowering when calves vere fed a 

nUk diet. Moore ct jd. (Ii5) found that calves which had low blood 

nagimdvn developed gross lesions in the endocardion and blood vessbLs* 
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ThoMe et (70) iirrattlg«t*d « o«lf*a mad for aagnofiBn 

irbMEi bolag fod a aenlaTiithatio nilk diet. MLIka ecoitaliiing qpproxl* 

aataly O.OOl^ 0*006, 0*011, and 0.022 par eaat nagneaiw vara used* 

Tbay were fed at the rate of 12 lb* per ewt. and fornishad approxi-

nately 0.06, 0*33, 0.60, and 1*2 g, of uigneaiim per owt. par dagr* 

Elg^t oiOTes fed the lowest lerel of Intake had a auorkedl^ radaoed 

rate of boity^ weight gain, greatly raduoad sanm aagiiasiiauB larala, 

and died in eosnralsiens at li3 to 80 dagrw of age. At aatopsy, 

niaaroas snail hasKvrhagas were fonnd in the perioardiwai, andoeardiiOR, 

perioardial see and the auriotilar Talres. The intamediate lerals 

allowed the ealYes to lire bat tlwy grew at subn<mBal rates* Serun 

nagnesim lerels were naintainad for the first one or tiro nonths and 

then gradually deelinad* The vpper lerel of Mffoasiwa intake 

allowed the nost rigiid growth, wad serun aagnasiim was naliitaittad 

at noraal lendLs for as long as seaen nonths* 

Hnffban and Oaman (26) repinted that tiiere aj^ared to be a 

relationship between netabolisn of wagnasiun and the arailabili'^ of 

Yitanin D. These workers reported that the ash and ninsral Taluas of 

the bones indioated better ealoiun and photqphoros utilisation due 

to the ingestioi of nagnesiun supplsBients* Thus, nagnesiun has an 

antiraehLtie Talv». Seeker, as reported HuffWan and Dunean (26) 

reported that oertain nagnesiun eo^pounds praaented or eurad osteo-

naleia in eattle* 

Anoag tha early lynptons of a nagiMBiun defioien^ in oalaes 

'r 
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are Irrltabllitj, nervouaness, and anorexia (18). Km anlml 

fll^arentl7 traporarlly blinded, vlU rtin into obstaoles, or beeoBdLng 

confoaed vill turn in eirclea until its balance ia oonpletely destroyed. 

As the eoirralaiaaa beoooe ncure Tiolent, the ealf nay fall on its aide 

with the legs alternately rigidly extended and contracted. There ia 

flrothing at tbe nouth and profuse salivation. Toung oal-res seen to 

be able to withstand several such oonvulsions but older calves uaually 

suocunb to the first attack. To the average observer it ia practically 

inpossible to distinguish between the form of tetany in calves which 

is associated with h9n;K>oalcenia and the tetany idiich is associated 

with bypomagnesenla. ELood sanples oust be analyzed to distinguish 

between the two (l8). 

Lew nagnesiun tetuiy generally does not occur if a calf*s ration 

includes rouid^ige. Huffnan, et (25) investigated the feeding of 

nagnesiun carbonate and nagnesiun oodde si^plenents while feeding 

whole nilk. They found that 15 to 20 ng. of nagnesiun as nagnesiun 

oxide per pound of body weight naintained plasna nagnesiun values 

and prevented tetany. They also found that eight to ten ng. of 

nagnesiun per pound of body weight naintained tlM nagnesim plasna 

levels. Thonas (69) also concluded that nagnesiun In hay and grain 

was utilised more efficiently than nagnesiun stqsplied as nagnesitm 

sulfate. 

Manganese occtirs in tlw» body in traces and ai^ars to be 

necessary for nomal reproduction in rats* Daniels and Everson (lU) 
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found a high BoiT^allty in tha young born from rata on a low nanganeaa 

diet, Titus et al, (72) reported that eangewae added to a milk plua 

iron diet resulted in heawglobin regeneration, Thus^ it e^^ars that 

manganese is associated with iron and copper in hemoglobin formation, 

Hosererf the exact role of manganese is not known. 

There is a possibility that the organisms responsible for 

digestion in the rumen may need a certain amotsat of manganese for best 

results since it is known that lunganese exerts an influence iq;)on the 

growth of certain organisaw (57), Most hays have 20 or more parts of 

manganese per million. The grains are lower with corn being eaqpeeially 

low. The amount of manganese needed by calves haua not been determined 

accurately, Indiana workers (1) found that the growth rate of heifers 

was depressed and sexual maturity was deligred on a ration having only 

six to eight parts of manganese per million. 

A deficiency of iodine causes metabolism disturbances and 

l^npertrophy of the thyroid gland, (toly very small traces of iodine 

are needed by animals (U6), The exact requirements for livestock are 

unknown but a deficiency of iodine is not a problem in most areas of 

the United States, Iodine is easily transmitted from the feed to the 

milk, according to Maynard (li3), and unless the soil is deficient in 

iodine, the feed will contain enough, Stqjpleraental iodine is generally 

added with salt (53). In Wisconsin, iodized salt containing 0.015 

per cent of iodine incorporated at a one per cent level in the grain 

portions of livestock rations has been entirely effective in prevent 

ing goiter of calves (liS). 
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Zins is another tri^e mineral which is fcmnd in both and 

plant tissoss. Saqpertments(^)with rats fed highly purified diets, 

froed as <thcn>oag^ay as possible from sine, hare shown that traees of 

this mineral are necessary for good growth atad also f<a> necmal hair 

derelopment. Gilbert (23) stated that the rate of absorption of 

earbofaydrates mid proteins trcm. the gastrointestinal tract is 

influenced by the concentration of sine in the diet. Zlno has also 

been found in the panereas and in all eoHaarcial preparaticais of 

insulin even though there is no relationship between sine and iaeulin 

aotirity(60). LiYers of young animaLs hare much mcure sine than 

those of adults, suggesting a storage of the clement in the young 

animus before birth (23). It seacM iMMsible that a yemag 

would not baeoms defleimat in idnc before it was old eiMttgh to 

ecaunae grain and hay which inrorides aaq^ sine (It?). 

In the pjimt few ysmrs it hat been disoorered through eaireful 

innrestigatioas that a dafioienoy of ebbalt eanaea alow growth of oattle, 

shaap, and goats in certain areas of the world (29). Keensr, et id., 

(29) found that cobalt defioieney was about twice as (inwniiiii smong calres 

and heifers as milking cows. A young oalf*s need for edbalt is perhtiMi 

no greater than a grewn eow'a need, but an older eata a greater 

▼ariety of foods and will hare more chances of ccnsnmlng the re<|sired 

cobalt. Milk is known to be rery lew in eebslt (li7) end 

if a calf is raised for sercral months on a milk diet, 
there it likdy tc be a dafieiency of cobalt in its body. 
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Oobali la required by the bacteria in the runen] howeYer, nonruMnants 

require traces of cobalt, because vitaBdn 8^2 contains cobalt. 

They reported that a cobalt deficiency did not appear to affect 

nonrunlnants* Thus, one vould question if young calves would need 

cobalt since they do not have a functioning runen for sam tji* 

after birth. However, with the United 1Tr feeding plan and the 

eaoouragenent of roughage ecosui^tion at an early age the dairy 

calf begins rusdnatlng at a very early ago (67). Cattle or sheep 

suffering fron cobalt deficiency lose their appetite, become unthrifty 

and emaciated, and may have a depraved qppetite, especially a desire 

to ohew hair or gnar wood. A deficiency of cobalt has be«i known 

to cause anemia even though cobalt is not a part of the heno^obin. 

The feeding of excess cobalt will cause an increase in the level of 

hemoglobin and red cells (29). Cobalt fed at a high level will cause 

a toxic effect, Ely et (19) fotaid that if over UO ng. per ICX) lb, 

bo<ly weight were fed daily toxic effects were manifested in dairy 

calves* Keener et (29) found that growing dairy animals could 

consume 50 mg. daily per 100 lb. body weight without harmful effects. 

A deficiency of cobalt can be corrected very efficiently and easily 

hy adding a small quantity of cobalt sulfate or cobalt carbcmate to 

the concentrate being fed* Dickey (16) reported that the addition 

of otiB teaspoon of cobalt sulfate to oxie t<ux of the grain mixture 

corrected the cobalt deficiency syaptoms. Most roughages, unless 

grown on cobalt deficient soils, furnish sufficient cobalt for the 
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animals which eonsvoM tham, Lagaaa foraga generally has more cobalt 

than does grass forage (1*7)• A salt mixture containing one ounea of 

cobalt carbonate per 100 lb. will generally pirevent cobalt deficiency 

syn^toras (U). 

Substitution of skiimiilk for whole milk. Workers in calf 

nutrition have been striving to formulate a method to replace whole 

milk efficiently in the ration of young dairy oalves since the 

earliest studies. In 1909 Savage and Tailby (59) showed that whole 

milk could be replaced by skinmiilk, skimmllk powder and a "calf meal." 

SkinBdlk and skimrailk powder gave better results than ti» "calf meal." 

Average daily gains were 1.53, 1.23, and 1.10 lb, respectively. Hay 

eoosuaptlon for these grocg>s averaged 360.6, 370.b, and 32lt.8 lb. 

respectively, to five months. The larger gains of the skiBmdlk-fed 

esives effli be partly attributed to the greater amount of hay eonsump* 

tion than the raaal-fed calves. These workers concluded that skimmilk, 

although not equal to whole milk in nutritional value, was STq>erior 

to all other feeds. The gross chemieal analysis of skimmilk showed 

that it contained all the proteins, sugar, minerals, and water soluble 

vitoBtna found in whole milk (37). It lacked the fat-soluble vitamins 

and fat* 

Today, reecnstltuted skiimnilk is used extensively in raising 

dairy calves. Williams and Bochdel (71*) tried feeding skimmilk 

powder and other synthetic rations in dry form. Their escperienoes 

showed that liquid milk replacers proved better for calves than solid 
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diets fed dxy or as « slurry. Other workers (33^ 58, 6U) have 

obtained very good results from feeding reconstituted skimailk as a 

part of the young calf's ration. 

Supplewentation to sklmmilk. Many siqppleaents to skisBBilk hare 

been proposed by different workers. Mineral st^^plenents have been 

studied by sone investigators (8, 18). Thou^ nost of these studies 

have failed to evaluate conclusively the justification for feeding 

nineral siqq^leiients to calves on a nomal diet, the need for certain 

essential elements has been established. After calves are old enoiigh 

to consume hay and grain the needed minerals will be supplied by 

the hay and grain if they are of good quality (kS). Further work is 

needed to determine a young calf's need for trace minerals and the 

way in tdiich they can be s^iqplied. 

Since skimmilk is practically free of fat, one would assume 

that sons form of fat should be supplied to a calf on skimmilk. A 

dietary need for fat has been shown, but tiie amount required to make 

normal gains has not been determined. A low-fat diet has been 

successful for several investigators (77)* Cunningham and Loosli (13) 

found total lipids in the plasma of all calves were low at com day 

of age but rose in those calves receiving sources of fat as time 

progressed. These workers suggested that body storage of essential 

fatty acids at birth may be adequate to last a calf several months, 

but dietary fat may be necessary during the first few days and this 

could be si^plied from the colostrum which a baby calf generally 
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St^leraentlng « oalf*8 ration vitb vitaodns has been studied for 

waxy years and it is still questicoiable if ▼itanixui should be added 

to natural rations* Pbdllips ^* (53) reported ^at vitenin A 
and certain mnbers of the Titamin B eoaplex were effeotiTe in 

preventing and curing nutritional scours* Other workers (20, 50, 5l» 

52) have eonduoted similar esqperinents and reported no benefit from 

s\q>plementing a raticn with extra vitamins. In a stud^ at the 

University- of Tennessee (66) there appeared to be no advantage from 

adding vitaadn A to reconstituted skissoilk* There was no signlfieant 

difference in blood plasma levels of vitamin A, liver storage of 

vitamin A or in general health of the calves between the group 

receiving vitaadn A and those not receiving it* The type of ration 

being fed is of maj<xr iaportanoe idien one is deciding whether to 

add vitamins* The blood le-vel of vitamin A of the newborn calf is 

known to be low (U2)* If oolostrtm is fed for a few days, vitamin A 

will be siqjplied in adequate amounts* If the young calf is put on 

a skiamdJlk diet at an early age, -vitamin A st^plement may be desirable* 

Whole milk will generally simply adequate amounts of vitamin A* Vitamin 

D should be added to a calf's ration if the calf is enclosed in a barn 

without any e:q>osure to sunlight (17) * Vitamin D can be obtained from 

hay, but a young calf will eat vary little or no hay* Thomas et al* 

(68) found that a calf had to eat 1*5 lb* per cwt* of alfalfa or 

its equivalent as alfalfa silage to avoid rickets. These workers also 
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fotmd that lats out forages contained more vitamin D than early out 

forages. 

Another suppleMent which has received nuoh attention during the 

past decade is antibiotics. The principle interest concerning 

antibiotics for young calves has been their effect on growth, feed 

eonsuitption and efficiency, and diarrhea. In 1950, Bartley et jjd. 

(3) reported that an APF concentrate containing aure(»groin stimilated 

the growth rate of dairy calves from birth to U2 days of age. The 

incidence of calf scours was much lower in the aureonyoin-fed calves* 

Rusoff (56) reported that same year that aureomyein improved the 

growth rate of calves, but his calves had received an APF concentrate 

containing vitamin Bi2* His calves were lU weeks old when the study 

began. Aureosyoin increased ̂ e growth rate of the calves over the 

control calves 60, 36, and 30 per cent after two, four, and six 

weeks of the emperiment. After 20 weeks there was no difference 

between the two groups of calves. Loosli and Wallaoe (Uo) reported 

a growth response in yowng calves with crystalline aureomyein. The 

aureomyein was fed in a milk substitute at the rate of 10.0 g. per 

ton. The control calves gained 0.92 lb. and the antibiotic-fed 

calves gained 1.11 lb. daily for the first 8 weeks. These workers 

also reported a significant reduction in calf scours. 

Althou^ aureomyein has been studied more extensively than 

other antibiotics, terramyein, hygronycin, erythroBycin, penicillin, 

streptomycin, and bacitraoin have been fed to calves. TezraBycin 
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hM giren good results In sooe expertments (30« 73)* Both potassiun 

and pTOoaine penloiUin vere found to depress groirth rate (32)• 

Willians and Khodt (75) reported that the addition of a streptoegroln 

containing animal protein factor stqppleaent to a ailk-replaeeiBiant 

diet for oal'ves did not increase tto rate of gain in body wfttght or 

in height at withers. Warner as reported by Held (55) stated that 

baeitraoin fed at a lerel of apiwoximataly 100 mg. per day resulted 

in an increase in body weight gains of 7.0 per cent. However, 

bacltraein fed at levels of 10 to Uo mg. per 100 pounds of body 

weight daily iqppeared to be inferior to aureoi^in. The results of 

several experiments suggested that the age of animals or dietary 

(jualities associated with age were related to the aaount of response 

obtained from feeding antibiotics. It ai^eared that young animals 

received the most benefit from antibiotics. Bloom and Khodt(6) 

observed that aureonQroin stimulated a greater gain in weight during 

the first four weeks of life. Since a high incidence of scours 

is most oommcnly observed during this period, it is not known to 

what extent the growth response is Indebted to the control of 

microorganisms causing digestive and other disturbances. Hartley 

(3) suggested that the increased growth of calves during the first 

seven weeks is stimulated as a iresult of antibiotics preventing 

scours. Howevery Hloom and Khodt (7) reported an increased rate 

of gain in treated calves over controls which were not disturbed 

diarrhea. 
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Calf feeding plaaa. The Boat popular and eooncasioal oontenporary 

plan of feeding oalvea la the limited milk feeding plan. In thia plan 

flkinndlk or reeonatituted akimmilk la fed for a period of sqpproximately 

aix to eight weeka. By thia time the oalf ia able to oonsuii» enough 

eonoentrate and lugr to maintain proper groirth and health. Many 

imreatigatora hare studied the level at vhioh the milk should be fed 

and also the length of time to feed it. In 1915, Lindaey (39) 

reported substituting akimirdlk for whole milk after two weeks and 

continuing akimndlk feeding until the end of four months. Converae 

(12) successfully raised 136 calves without aiay whole milk. The 

calves were given colostrum for three days, then changed innaediately 

to sklimailk and continued on this ration for aix months. In 19ii2, 

wwrk was begem by Converse (12) to find out ham much earlier than 

six montha of age the calves ooxCLd be weaned from akiMwilk. After 

weaning at 90 days of age proved satisfactory, weoaing at 60, h$ 

and 30 days of age was tried. He found that calves could be weaned 

at 30 days without any adverse effects. Knodt, et (33) fed 

skinacLlk for fiva weeks and obtained satisfactory reaults. Berry 

(5) obtained results which indicated that calves could be weaned 

from skLamilk at k2 days of age. Conover (11) fed whole milk for 

two weeks and then ohanged to reconstituted sklmtnilk which was fed 

until the seventh week* The reconstituted milk was gradually 

reduced and stopped at the eighth week. SkinBilk powder was then 

fed as 30 per cent of the grain-mix until the oalf was four months 
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of oge. 

It 1« genorally reoonnended that tfa« oalf be fed eilk at the rate 

of 10 per oezxt of Its body weight daily. MeOollough^al. (lili) fed 

ailk at the rate of 10, II4, and I8 per cent of body weight. The 

average daily gains to four nonths of age for these groups were 1.26, 

I.U2 and 1.50 lb., respeetively. Other experinents have been oon-

duoted using nueh higher levels of feeding, but they did not eonform 

to the United nilk feeding plan. Fraser and Brand (22) reported 

that a oalf eould be raised on 6OO lb. of milk with weaning taking 

place at the end of eight weeks. Davis and Ouiming^an (15) eonoluded 

that calves could be raised to five nonths of age on oalf neal and 

150 to 300 pounds of whole nilk. Ti»y fed a nilk ration for two 

weeks and then reduced nilk sharply and substituted calf naal. 

However, the calves did receive a very snail quantity of nilk until 

60 days of age. 

In all the liadted nilk feeding plans grain and hay are offered 

free choice to the oalf at a very early age. As a general rule the 

oalf will begin to eat hay and grain at about two weeks of age or 

even sooner in soaw oases, (brain is generally lindtcKi to four at 

five pounds daily. The purpose of liniting grain consumption is 

to pr<»iote oonsui^tion of the less expensive hay and to develq;> 

the rumen at an early age* It is iii;>ortant that good quality hey 

be fed to calves. Ck>od quality hay will be consumed in greater 

quantities and will also provide the calf with needed nlMrals 
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and TltMiiui A and D whleh the nllk and starter nay not furnish* 

Snpplewenting calf rations with trace adnerals* Jones et al* 

(28) conpared a oalf ration si^plenented vlth lron« copper, man 

ganese, cobalt. Bine, and Iodine with another ration containing 

these trace minerals plus calcium, phosphorus, and manganese, certain 

vitamins and aureoaoroln* 

The qucntltles of trace minerals in elemental form atqpplled 

dally In mllllgramB per 100 lb. of body weight were 200 of Iron, 

20 of copper, 20 of manganese, 10 of cobalt, 10 of sine, and 0.19 

of iodine. These quantities were sgc^oxlmately 2.5 times the amount 

of iron, copper, and manganese as fed by Iferman (2U) to prevent 

anemia in calves on milk alone. Tlw nutritive value of tto basal 

ration vas considered to be approxlBuitely optimal. Good quality 

alfalfa hagr mad a calf starter were fed ad libitum beginning at 

one week of age. The starter fomila contained 22 per cent crude 

protein. Although the calves on both of the supplraents grew at 

slgidfloantly faster rates than unsupplemented calves on a basal 

ration, the differences in feed eonsuiiq}tion and efficiency of gain 

were not statistically significant. 

IQioop et (3U) eonduted an experiment to determine If milk 

supplemented with iron and copper could serve as a coiplete feed 

for calves. They fed iiO to 60 mg. of copper and iiOO to 600 mg. of 

lr<m dally In the ration. Toward the end of the 255 day experlnent 

the calves tended to develop rickets. Tba difference vlth and 
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without supplesents were not narked in either the number of red oells 

<xr the hemoglobin. The iron and copper storage in the lirers of 

ealves fed milk alone was found to be 91 and 35 mg., while in calves 

fed sti^lenents these values were 359 and 550 mg. It is not known if 

these high values of iron and ec^per in the liver are desirable. 

National Researeh Council (U8) reported that mangr nanofao* 

turers of feed mixtures are direetljr adding potassium Iodide as a 

source of iodine. Iodine in mixtures Is fairly- stable, due to the 

presence of starches and unsaturated fats. They concluded that a 

salt mixture containing 0.0076 per cent of iodine, which has been 

stabilised against loss of the iodine, incorporated into the grain 

porti<m of the ration at the one per cent level will be sufficient 

in supplying the iweded iodine. 

Thomas e% ad. (71) s»q>plemented a calf ration with 100 i%. of 

iron daily and found that ansmia oould be cured or prevented. 

Other reports of 8tq;>plementing oslf rations with only on® 

trace mineral to study the effeet it might have tqpon the well-being 

of the calf harvs been made* These studies have been mentioned 

previously in this re-view* In-vestigations in which more than one 

traee mineral was added to a calf ration ate very limited, and 

merits more attention. 

Suroaary. A review of the literature indicates that calves 

should be fed trace minerals in order to maintain proper growth. 

Milk, na-ture*8 food for baby ealves, contains the essential traee 
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nlneralSf iron, copper, cobalt, sine, iodine, nagnesiiim, and nanganeaci 

The amoonta are so low} howeTer, that on a whole milk ration there ia 

a defioienosr of iron, copper, magneaium and manganeae* In todsgr'a 

liaited milk feeding ]}^an8 there ia a chance that the ealf*a ration 

will be deficient in trace minerala. Inveatigatora ha^ reported 

that all of theae trace aiinerale plajr a role in the nutrition of 

ealroa. There haa been a linited anount of work dealing with the 

anount of theae adnerala needed md.the way in which they can be 

aupplied to the calf. Ibe possibility of furnishing the eaaential 

ainerals through forages and concentrates haa been etily partly 

e:3q}lored. 

- -r 
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CHAPTER m 

■mmmiKL flan and hetbqds 
« 

Loeatlon« This etve&y vm ooBdaetad at Tfelverslty of 

Tennessee Agricultural Experinant Station at I&ioxvllle and the 

West Tennessee Experlnmtt Station at Jaekson. The study began In 

June* 195d, and ended In January, I960* 

Animals, Jersey and Holsteln ealres were used in the experi 

ment at Knoxrllle and only Jerseys at the West Tennessee station. 

The Jerseys at the West Tennessee station are referred to as W. T* 

Jerseys and the Jerseys at Xhoacvllle are referred to as H. T. 

Jerseys* Each oalf was assigned to one of four grovps at two to 

four days of age aeoordlng to Its slae, altexnatlng to keep the 

groups as nearly equalised as possible at all times* The four 

groTips were fed plain cv mineralised sklmmllk and plain or 

mineralised starter aoeordlng to the following plani 

COrtmp 1, Plain sklmmllk and plain starter formula 

(^oip II* Mineralised skianllk and plain starter formula 

Grotqp III. Plain sklmmllk and mlmrallsed starter 

Groip 17* Mineralised sklnBllk and talnerallsed starter 

Each group at Knoxville consisted of 12 Holstelns and 10 

Jerseys while the groups at Jaekson consisted of lU Jerseys. The 

IT. T* Jersey grotips Included three to four Quemseys <»■ crossbreeds 

per grotiqo which fit well Into the Jersey groups because of their 
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slse. 

All ealTes were allcwed to renaln with their dans tor the l^st 

three or four daya after birth to insure that the oalf reeeived 

ooloatruBU The ealwea were then taken tron their dans and plaoed 

in individual pens in an enclosed bam« Bedding for the pens oon«-

eisted of oat straw and wood shavings* They were kept in individual 

pens for the duration of the esqjeriment to 112 days (l6 weeks) of 

age. 

Feed. Colostrum and whole milk were fed the first five dagrs 

and on the sixth and seventh day the milk was gradually changed to 

the experimental skinnilk. All ealves were taught to take their 

milk from a nipple pall* The dried skinnilk was reconstituted at 

l5 per cent in warn water. The asount of skinndlk fed daily was 

10 per cent of body weight* The milk feeding schedule was made 

out on the basis of the birth weight of the oalf and the esqpeeted 

growth rate* !fhs naxinum daily awount of ndlk fed to each calf 

Was 9*0 lb* for Jerseys wad 12.0 lb* for Holsteins. Km Jerseys 

were weaned at 56 days of age and the Holsteins at k2 days of age* 

The special trace vLneralised salt used was "Hardy's Trace 

Mineral Salt" nixed by the Hardy Salt Coc^any, St* Louis, Missouri. 

To this salt was added three per cent of ferrous stilfate which gave 

a salt mix containing 0*68 per cent iron, 0.2li3 per cent manganese, 

0*0032 per cent oopperj^ 0*015 per cent cobalt, 0*007 per cent 

iodine, and O.OC^ per cent sine* The mineralized skinnilk was 
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prepared by adding the apeeial nineril nlxtnre to non-fat dry nllk 

eolide in such a ratio that 1.0 lb. of dried skliradlk contained 

evpi^enented ntnerals equivalent to 22.0 ng. of sangaswee, 6l«6 ng. 

of iron, 2*9 of eopper, 1.36 ng. of cobalt, 0.63 ng* of iodine, 

and 0*1;5 ng* of sine* Aureofae D was added to all nllk at a rate 

equivalent to $0 ng. aure<»nyoin per calf per day. 

The nineralized starter foznula was so prepared that each 

pound was 8^;^^enented with 11.0 of naasgonese, 30.8 i%* of iron, 

lU.5 ng. of eoRper, 0.68 ng. of cobalt, 0.317 ng. of iodine, and 

0.226 ng. of zinc. All starter was pelleted to facilitate accurate 

consunpticm velghta. All starter was fortified with 2500 tuilts of 

vitanin A and liOO units of vitanin D per pound, fhe fonmlas of the 

starters used are given In Table III. 

The starter was available to the calf at the tine it was put 

into the individual pen* The starter was cleua and fresh at all 

tines and was considered palatable. The naximun aanunt fed per 

calf was four lb. daily. 

Coarse chopped, green alfalfa hay or alfalfa grass nixed hsgr 

Was available to the calf at all tines beginning at the tisie the 

calf entered its individual pen. Each calf was given free access 

to clean water at all times. The water pails were rinsed out dally. 

Records. Records were kept of all ndlk, hay and starter oon-

s«i|>ti(m. Each calf was weig^d at seven days of age and every 

seven days thereafter to 112 days. At the tine of weighing, height 
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TABLE m 

mmUZED AND PUIH STARTER FOEHULAS 

Ingredient Per cent of forraula 
Mineralized Plain 

Com 35 35 

Oats 20 20 

Bran 10 10 

Linseed oil meal 10 10 

Sosrbean oil nsal 17 17 

Molasses H $ 5 

Deflttorlnated phosphate 1 1 

CoRBon salt 0 1 

Trace adneral salt 0 

Vitanin A and D seal 1 1 
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X 

fit vithers and heart girth MamraMnta vere taken, Rei^t at withers 

was obtained hy using a calibrated rod with a sliding am on it, 

A steel tape was used in loeasuring heart girth. All naasurenents were 

nade by the men responsible for feeding the oalwes and were carried 

out before the erening feeding. The calwes were observed each day for 

any ahnomalities and a record was kept of all sickness and treatments. 

KLood Analysis, Duplicate blood saaples were taken from each 

calf at one week of age and repeated each two weeks through the 

l5th week, Heparin was used in one saaple as an antiooagolant and 

the other sasple was allowed to coagulate. Cell woltme (hematocrit) 

and hemoglobin were determined on the fresh blood. Cell volume was 

determinsd hy filling a Wintrobe tube to the sero mark wi'Ui blood, 

oentrifuging it at 3000 r.p.m, for 30 minutes, and then reading the 

percentage of packed cells, Ifemoglobin was determined by mixing 

0,02 00 of blood with 10.0 oe of dilute ammonium hydroxide in a 

colorimeter tube and reading truismittaBee in an Evelyn colorimeter 

using a 5U0 filter, Heao^obin was calculated from the formula, 

gn* of hemoglobin per 100 oo of blood. The L values were 

read from a table of oorresponding tranamittance values. 

The blood plasma was analyzed for protein-bound-iodine (FBI), 

The method of determining FBI was that of Brown (9) as revised by 

Lemum and Mixner (38) and modin.ed for use with an Evelyn Fhoto-

eleotric Colorimeter* The blood serum was analyzed for ealoium and 

inorganic phosphoirus. Calcium was determined by a modification of 

the Qark-CoUlp (lO) and Kramer-Tisdall Method (35), Inorganic 

https://modin.ed
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phoqpheinui vas datemlned ligr Flake and Subbaroir Hathod (21). 

Conpariaona were made between the groq;>a to detezwlDe the effecta 

«4>0B blood eella, wlneral eleoenta and growth and deTelopinent of 

the ealwaa. The analyaia of Tarianoe (62) vaa uaed in deteradnlng 

whether a aignifloant differenee exiated anong the Tazdooa groiqpa 

in reapeot to bo(^ weight galna. 
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CHAPTER 17 

RESULTS 
■\. 

Weight gains» The aTerage weekly gains for the four ration 

groups were determined separately for the Holsteins, U. T» Jerseys 

and W. T. Jerseys* These are shoim in Table I7« There were sone 

differences in gain among the grosps but there was no noticeable 

trend due to treatments. The averages of all grot;ps cn the same 

ration were also determined. The total gains for the l5-week 

period (7-112 days) were 121.7, 118.9, 12$.1, aiul 121.6 lb. toe 

pronps I, II, m, «Qd 17, respectively. This shows that the 

calves receiving plain skimmllk and mineralized starter gained the 

most. Hcwever, there was not a atatlstieally significant difference 

among any of the groups for the l5-week period (P •<.05). The 

gains irithin the breed mvB conpared with Ragsdale*s standard (51i)« 

The four Holsteln groups weighed 2h9.7, 2U3.7, 2U7.3, and 251*3 lb. 

at 16 weeks of age. Ragsdale's reoommeisied wei§h^ la 2h3.0 lb. 

at 17 weeks of age. At 16 weeks of age the four U. T. Jersey 

groups averaged l83.5» 169*2, 178.0, and 169,5 lb* with Ragsdale's 

standard being l58*0 lb. at 17 weeks of age. These Jersey calves 

were slightly heavier at birth than the standard weight which 

Ragsdale has set forth* The four W. T. Jersey groups averaged 

li*1.9, 155.9, l51i.6, and lh8.3 lb, at 16 weeks of age. These 

weights are somewhat lower than Ragsdale *s standard and this is 

probably the result of poor hsy md starter consui^tion which will 
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be dlaeusmd later* 

The one-to elght<-week weight gains are shown in Table IV* These 

gains were used to deteradne if the ealres reoelvlng the sxqipleinented 

skiBBBilk gained any faster during the nilk feeding period than did 

the calves not receiving siqjpleMent, All of the calves on stq^le-

jtsnted skiimsilk gained an average of 57*^ lb. while the non-supplenented 

skinnilk calves gained an average of 57*1 lb. This difference was 

not significant statistically (P •<.05). 

The influence of the mineralized starter shotg0.d have appeared 

clearer after the nilk feeding period which was six weeks for Holstelus 

and eight weeks for Jerseys. However, the 8 to l6 week gains were 

in tofor of oalves receiving the plain starter. The calves on 

plain and mineralised starter galiwsd 69.0 and 65.1 lb., respectively. 

The difference was not statistically significant. 

Increase in height at withers. The average weekly height 

neaanirenents are shown in Table 7. The overall average increase in 

height was 6*6, 6.7, 6.7, and 6*5 inches for groups I, II, HI, and 

17, respectively* Ho significant differences in total height 

increases mang the grovqps were observed* The increases for the 

four Holstein groTq>8 were 7*3, 7*0, 6*8, and 7*2 inches for the 

15-week period* Ragsdale^s standard shows an increase of 7*1 inches 

for 17 weeks* The four H* T* Jersey grotqps increased 6.7, 6*6, 6*5, 

and 5*8 inotes with Ragsdale's standard showing an increase of 6*9 

inolMs* The W. T. Jersey groups increased an average of 6.0, 6*U, 
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6.6, and 6*5 inchea* The substandard height inoreases of the U. T« 

Jerseys cannot be e3q>lalned on the basis of this experisientf since 

their weight galas were above the standard. One would expect the 

W. T. Jerseys to be below the standard in respect to withers height 

since their weights wore subnormal. 

^teart girth increases. The average weekly heart girth maasure«* 

ments and total increase are shown in Table VI. There were no 

appreciable differences among the four combined groiqiw. The total 

increase for the iS-week period for groups I, n, III, aiwi IV was 

10.9, 11.3, 10.9» and 11.1 inches respectively. The inoreases 

within the breeds were conpared with Ragsdale's rocommended increases 

(5U). The Holsteinsand U. T. Jerseys were equal to the etandards, 

but the ¥. T, Jerseys were slightly below the standard* 

Milk oonsuBption. The average total oonsunption of ekjimaiiif 

frcm the seventh day until weaning was k$8,6, U57.9, U6l.$, and 

li56*6 lb. for grovpa I, n. III, and IV, respeotively. The average 

Weekly milk oonsunpticm is presented in Table VII. Hilk consunp* 

tion for the four groi^>s should have been nearly the same since 

the gro^ were equalised according to size at birth and their 

Bdlk feeding schedule was based upon the birth weight. With very 

few exceptions sdlk was not refused by any calves. 

Grain oongumptton. The total grain oonsuinption for the 

15-week period averaged 263.0, 271.1, 265.2, and 26U.2 lb. for 

groins I, II, m,and IV, respectively. Average grain consumption 
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TABLE VII 

AVERACffl WEEKLY SKMCELK CONSUMPTION OP POUR (HIOUPS 
CALVES OQMPARINQ SKIMMILK AND STARTER 

SUPPLaiENTED WITH TRACE MINERALS 

OF 

Or01^ 
(T^ectasNtts) 1 2 3 

Age in veeks 
1* 5 6 t € 

Total 
eonsnnp-* 

tlon 

Plain sktaarink and 
plain starter (I)

Holsteins 63i2 67^7 
U.T. Jerseys 1*0.5 1*3.8 
W.T. Jerseys 3U.3 1*1.1 
All calves 1*5.7 50.7 

Mineralized sklBadlk 
and plain starter (II) 

Holsteins 62.8 67.3 
U.T* Jerseys 39.6 1*2.9 
W.T. Jerseys 33.6 1*2.0 
All calves 1*5.0 50.7 

Plain skinmilk and 
Mineralized starter (III)

Holsteins 62.1* 67.0 
U.T. Jerseys 1*0.5 l*l*.2 
W.T. Jerseys 33.6 1*2.9 
All calves 1*5.1 51.3 

Mineralised skinndlk 
and Mineralized starter (IV)

Holsteins 62.7 67.2 
U.T. Jerseys 1*0.1* 1*3.8 
W.T. Jerseys 32.9 ia.7 
All calves l*l*.9 50.8 

72.3 
i*7.U 
1*5*5 
55.0 

72.0 
1*6.1* 
1*5.8 
5U.7 

72.3 
1*7.5 
1*6.0 
55.2 

71.1* 
1*7.3 
1*5.5 
5i*.6 

76.6 
50.9 
1*9.0 
58.7 

76.3 
50.0 
99.3 
58.5 

77.2 
5l.O 
1*9.7 
59.2 

75.6 
50.8 
1*9.0 
58.3 

79.7 
5U.3 
52.5 
62.0 

79.8 
53.5 
52.8 
62.0 

80.7 
51**1* 
53*3 
62.7 

79.1* 
51*.1 
52.1* 
61.9 

81.9 
57.2 
56.8 
65.3 

82.0 
57.0 
56.5 
65.1 

82.7 
57.7 
56.9 
65.7 

82.1 
57.2 
56.1 
65.1 

59.9 
59.2 
59.5 

59.9 
59.7 
59.8 

60.1* 
60.1 
60.2 

60.0 
58.8 
59.3 

62.2 
62.0 
62.0 

62.0 
62.1 
62.1 

62.1 
62.1 
62.1 

62.0 
6l.l* 
61.7 

lill.U 
la6.2 
1*00.1* 
1*58.8 

1*1*0.2 
lai.3 
1*01.8 
1*57.9 

1*1*2,3
la7.8 
l*0l*.6 
1*61.5 

1*38.1* 
ltl5.6 
397.8 
1*56.6 

- • : s 

!' t" I»it. iSt'lT ̂  'V*. 
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it i^bodm tn 7ftble VIII* Tte Holstelns on an average began eonsunlng 

the naxliBan fo«r ponnda of grain per digr daring the aerenth and 

elgbth veek* The Jaraeya vsre generally aone three or fear veeka 

older before thej began eonanaing fear pooada of grain daily. Grain 

oomroMptiem far the W. T. Jwaajra wee loaer than tbe oonaae^tion of 

ihe G* f. Jeraeya* 

Hay oonaaaption* Hay eonaaiption per grotq> for the 15 veek 

period averaged 8U.1*, 83»?, 88.7, and 90.5 lb. for groopa I, H, IH, 

and 17, reapeetively. The average veekly hay oonawpticm la preaented 

in Table IX vhieh ahowa that the Holateina senanmd eonaiderable 

Bore hay than the JBTtmyn* Thia would be erpeoted beeanae of aise 

and rate of grovth. The U. T. Jvtmja oonaaned sk^'g hay than the 

W. T. Jeraeya. 

Bleed analyaia. Only the Holateina and H. T. Jwraeya were uaed 

in the blood atndiea. Saedi blood aam^e vaa analysed for henogLobin, 

oell Toluma, ealeitoi, inorganic phoaphoroa, and ]xroteljn*bound«>iodine. 

Tablea I, XI, HI, X31I, and XI7 aha* the average vadnea of hweoglobin, 

henatoerit, caleinm, phoaphoma and protein-boand-lodine, reapeetively. 

The tablea alMV the average veluea for eaeh breed on eaeh of the few 

ratiena* A ananaay la alao inreaented of values for the ealvea 

receiving plain aklaadlk, nineraliaed akinnilk, plain atarter, awl 

adneraliaed atarter. In thia atnaary eaah ralua vaa uaed in tvo 

differmt groiq^* For exaaple, a value for a ealf in group I voald 

be uaed in the plain akiaadlk average and in the plain atarter 

average. The grocp anrerage blood valuea are ao doae that thexB 
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TABLE X 

AVERACffi HEMOGLOBIN OF JERSEY AND HOLSTEIN CALVES 
FED SKIMMILK AND STARTER WITH AND WITHOUT TRACE 

MDimL SUPPLEMENTS TO WEEKS OP AGE 

Qeonspa Age in weeks 
(Treatments) ^ 7 TE 33 ST 

(g. per 100 ml.) 

Plain Bdlk and 
plain starter 

Hoisteins 11.7 11.1 10.1 10.6 10.8 ll.li 11.7 11.9
Jerseys 10.2 9.8 9.6 10.6 12.1 12.1 12.1 11.7 
All oalres 11.0 10.5 9.9 10.6 U.li 11.7 11.9 11.8 

Mineral milk and 
plain starter 

Holsteins 13.1 12.8 11.6 U.9 12.2 12.1i 12.2 12.5
Jerseys 10.0 9.2 9.0 10.2 U.5 12.2 12.3 12.2 
All calyes 11.7 11.2 lO.li 11.1 11.9 12.3 12.3 12.1i 

Plain nilk and 
mineral starter 

Holsteins 12.1 11.6 11.5 11.3 11.611.5 11.5 12.1 
Jerseys 10.6 9.7 9.6 11.0 12.1 12.5 12.5 11.5 
All oalves 11.5 10.7 10.1 11.2 11.8 12.0 12.0 11.9 

Mineral milk and 
mineral starter 

Holsteins 11.9 10.7 10.6 ll.li 11.6 U.6 11.6 11.5
Jerseys 10.7 10.1 9.9 11.2 11.5 11.7 11.5 11.3 
All oalyes 11.3 10.5 10.3 11.3 11.6 11.6 11.5 ll.li

All plain nilk 
Holsteins 11.9 ll.li 10.8 11.0 11.2 11.5 11.7 12.0 
Jerseys 10.1+ 9.8 9.6 10.8 12.1 12.3 12.3 11.6 
All calves 11.3 10.6 10.0 10.9 11.6 11.9 12.0 11.9

All mineral ndlk 
Holsteins 11.8 11.112.5 11.7 11.9 12.0 11.9 12.0
Jerseys 10. ii 9.7 9.5 10.7 11.5 12.0 11.9 11.8 
All oalyes 11.5 10.9 lO.li 11.2 11.8 12.0 11.9 11.9All plain starter 
Holsteins 12.5 12.0 10.9 11.3 11.5 11.9 12.0 12.2
Jerseys 10.2 9.5 9.3 lO.li 11.8 12.2 12.2 12.0 
All calyes ll.li 10.9 10.2 10.9 12.011.7 12.1 12.1 

All mineral starter 
Holsteins 12.0 11.2 11.0 ll.li 11.6 11.6 11.6 11.8 
Jerseys 9.810.7 9.9 11.1 11.8 12.1 11.9 U.li 
All calyes ll.li 10.6 10.2 11.3 11.7 11.8 11.8 11.7 
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TABLE XI 

ATERACffi HmTOCRIT OF JERSEI AND HOLSTEIN CALVES 
FED SKIMMILK AND STARTER WITH AND WITHOUT TRACE 

MINERAL SUPPLEMENTS TO 1$ WEEKS OF ACffi 

Oroupa Age in traeka 
(TMatMttt*) 1 3 r——5—n u 

(cell Toliaas, %) 

Plain odlk and 
plain atarter 

Holateina 39.7 36.5 3U.9 35.1* 36.3 36.0 37.1 37.6 
Jeraeya 33.3 31.5 31.1 3U.1 37.8 38.1* 37.6 35.7 
All oalTea 36.8 3U.2 33.2 31*.8 37.0 37.1 37.3 36.7 

Mineral milk 
and plain starter 

Holateina ii3.7 Uo,6 36.lt 39.0 38.8 38.6 39.1 39.3 
Jeraeya 33.0 31.2 31.3 35.0 37.6 39.2 39.3 38.8 
All oalrea 38.8 36.3 3U.1 37.2 38.2 38.9 39.2 39.1 

Plain milk and 
mineral starter 

Holateins ia.7 38.0 3lt.0 36.5 37.2 37.3 38.0 38.9 
Jers^ 3li.li 32.1 31.7 35.8 37.9 38.1* 38.6 36.2 
All oalres 38.8 35.2 32.9 36.2 37.5 37.8 38.3 37.7 

Mineral milk 
and mineral starter 

Holsteins 38.7 35.U 3U.0 37.2 36.2 37.0 36.0 36.7 
Jerseys 33.6 33.0 33.9 3li.5 36.7 36.5 35.6 35.9 
All calves 36.U 3li.3 3lt.O 35.9 36.1* 36.8 35.8 36.3 

All plain milk 
Holateins Uo.7 37.3 3U.5 36.0 36.8 36.7 37.6 38.2 
Jerseys 33.9 31.8 31.U 35.0 37.9 38.U 38.1 36.0 
All calves 37.8 3U.7 33.1 35.5 37.3 37.5 37.8 37.7 

All mineral milk 

Holsteins la.2 38.0 35.2 38.1 37.5 37.8 37.6 38.0 
Jerseys 33.3 32.1 32.6 3l*.6 32.2 37.9 37.5 37.1* 
All calves 37.6 35.3 3ii.l 36.6 3U.9 37.9 37.5 37.8 

All plain starter 
Holsteins ia.7 38.6 35.7 37.2 37.6 37.3 38.1 39.1* 
Jerseys 33.2 31.h 31.2 31*.6 37.7 38.8 38.5 37.3 
All calves 37.0 35.3 33.7 36.0 37.6 38.1 38.3 38.1* 

All mineral starter 
Holsteins UO.2 37.1 3li.O 36.9 36.7 37.2 37.0 37.8 
Jerseys 3U.0 32.6 32.8 35.2 37.3 37.5 37.1 36.1 
All calves 37.6 3U.8 33.5 36,1 37.0 37.3 37.1 37.0 
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TABLE XII 

AVERAGE BLOOD CALCIUM OF JERSEY AND HOLSTEIN CALVES 
FED SKEMMHK and STARTER WITH AND WITHOUT TRACE 

MINERAL SUPPLEMENTS TO 1$ WEEKS OF AGE 

Age In weeks 
(Treatments) 1 3 5 7 9 11 13 15 

[mg. per 100 ml.; 

Plain wtlk and 
plain starter 

Holsteins 11.6 11.0 12.6 10.9 10.9 11.8 12.3 11.7 
Jerseys U.U 11.1 11.1 11.9 12.7 11.9 11.9 11.8 
All oalves 11.5 11.0 11.9 II.I4 11.7 11.8 12.1 11.7 

Mineral nilk and 
plain starter 

Holsteins 12.3 11.3 11.7 11.1 12*0 12.2 11.5 11.5 
Jerseys 11.0 11.9 12.3 I2.I4 12.3 13.0 12.0 11.2 
All ealres 11.7 11.6 12.612.0 11.7 12.1 11.7 ll.U 

Plain milk and 
mineral starter 

Holsteins 12.0 12.1 11.7 10.8 U.6 11.8 12.3 11.5 
Jerseys 11.U 11.3 11.7 11.0 11.8 12.2 12.2 11.2 
All calves 11.7 11.7 11.7 10.9 U.7 12.0 12.2 ll.U 

Mneral milk aod -

mineral starter 
Holsteins 11.8 11.6 11.8 11.1 11.0 11.6 U.8 11.3 
Jerseys 11.5 12.6 13.0 10.8 11.1 11.9 12.0 12.0 
All calves 11.7 12.2 12.3 11.0 11.0 11.7 11.9 11.6 

All plain milk 
Holsteins 11.8 11.6 12.2 10.9 11.3 11.8 12.3 11.7 
Jerseys ll.U 11.2 ll.l 11.5 12.0 12.1 12.1 11.5 
All calves 11.6 ll.li 11.2 11.9 11.611*8 11.7 12.1 

All mineral milk 
Holsteins 12.1 11 11.8 11.1 11.5 11.9 11.7 ll.U 
Jerseys 11.3 12.3 12.7 11.6 11,7 12.5 12.0 11.6 
All calves 11.7 11.8 12.2 II.I4 11.6 12.1 11.8 11.5 

All plain starter 
Holsteins 12.0 11*2 11.0 12.0 11.9 11.612.2 11.5 
Jerseys 11.2 11.5 11.7 12.2 12.5 12.5 12.0 11.5 
All calves 11.6 11.3 12.0 11*6 11.9 12.2 11.9 11.6 

All mineral starter 
Holsteins 11.9 11.9 11.8 11.0 11.3 11.7 12.1 ll.U 
Jerseys 11.5 12.0 12.14 10.9 11.5 12.1 12.1 11*6 
All calves 11*7 11.9 12.1 11.0 ll.U 12*1 11.511.9 



TABLE Xin 

AVERAGE INORQANIC BLOOD PHOSPHORUS OF JERSEY AND HOLSTEIN 
CALVES FED MILK AND STARTER V/ITH AND WITHOUT TRACE 

MIHIKAL SUPPLEMENTS TO 15 WEEKS OF AGE 

Ch'0iq}8 Age In weeks 
(Treatments) 11 13 15 

(mg. per lOO ml.) 

Plain milk and 
plain starter 

Holsteins 8.6 8.1i 8.7 9.0 8.9 8.U 9.0 9.0 
Jerseys 8.5 8.U 8.6 9.6 9.8 9.6 9.1i 9.2 
All calves 8.5 8.U 8.7 9.3 9.3 9.0 9.2 9.1 

Mineral milk asd 
plain starter 

Holsteins 8.9 8.1^ 8.8 8.U 9.1 8.9 9.0 9.5 
Jerseys 8.8 9.1 9.2 9.9 9.1i 9.6 9.8 9.U 
All calves 8.8 9.08.7 9.1 9.2 9.2 9.U 9.5 

Plain milk and 
mineral starter 

Holsteins 8.9 8.8 8.2 9.0 8.7 8.7 8.9 9.7 
Jerseys 8.2 8.2 8.8 8.5 9.0 9.2 8.8 8.1 
All calves 8.2 8.5 8.9 8.8 8.8 8.9 8.8 9.0 

IKneral milk and 
mineral starter 

Holsteins 8.8 8.6 8.7 9.1 8.6 8.7 8.5 8.5 
Jerseys 8.9 8.6 8.6 9.2 9.2 8.9 9.7 9.1 
All calves 8.8 8.6 8.6 9.1 8.8 8.8 9.0 8.8 

All plain milk 
Holsteins 8.8 8.6 8.5 9.0 8.8 8.6 9.0 9.1i 
Jerseys 8.U 8.3 8.7 9.1 9.U 9.U 9.1 8.7 
All calves 8.U 8.5 8.8 9.1 9.1 9.0 9.0 9.1 

All mineral milk 
Holsteins 8.9 8.5 8.8 8.8 8.9 8.8 8.8 9.0 
Jerseys 8.9 8.9 8.9 9.6 9.3 9.3 9.8 9.3 
A3.1 calves 8.8 8.7 8.8 9.09.1 9.0 9.2 9.2 

All plain starter 
Holsteins 8.8 B.h 8.8 9.2 9.0 8.7 9.0 9.3 
Jerseys 8.7 8.8 8.9 9.8 9.6 9.6 9.6 9.3 
All calves 8.7 8.6 8.8 9.5 9.3 9.1 9.3 9.3 

All mineral starter 
Holsteizis 8.9 8.7 8.9 9.1 8.7 8.7 8.7 9.1 
Jerseys 8.6 8.1i 8.7 8.9 9.1 9.1 9.3 8.6 
All calves 8.7 8.6 8.8 9.0 8.8 8.9 8.9 8.9 



TABLE XI7 

AVERAGE PROTEIN-BOUND-IODIlJE BLOOD LEVEL OF JERSEY AND HOLSTEIN 
CALVES FED SKIMMILK AND STARTER WITH AND WITHOUT TRACE 

MINmL SUPPLEMENTS TO 1$ WEEKS OF AGE 

(Treatments) "T"' 5 5 7 9 11 13 15 

(meg. per 166 ml.) 

Plain nLlk and 
plains starter 

Holsteins S.7 5.6 5.2 U.l; U.9 5.3 U.9 U.6 
Jerseys $.8 6.0 5.85.9 5.1 5.3 5.2 5.7 
All oalyes 5.8 5.7 5.6 5.1 5.0 5.3 5.0 5.1 

Mineral milk and 
plain starter 

Holsteins 6.0 U.65.9 5.7 5.2 5.5 5.3 U.8 
Jerseys 5.0 5.2 U.9 5*2 U.7 5.6 5*3 5.6 
All ealTss 5.5 5.7 5.3 U.8 5.0 5.5 5.3 5.1 

Plain milk and 
mineral starter 

Holsteins li.7 5.9 6.2 U.9 5.6 5.35.9 5.U 
Jerseys U.5 5.3 5.6 5.8 U.o U.8 U.U U.8 
All ealves ii.6 5.6 5.85.9 U.9 5.U U.9 5.1 

Mineral milk and 
mineral starter 

Holsteins 6.0 7.0 6.1 5.0 5.8 5.36.U 5.3 
Jerseys U.8 U.8U.7 5.3 U.2 U.6 U.7 5.U 
All ealves 6.2 5.6 5.65.1i U.9 5.0 5.0 5.U 

All plain milk 
Holsteins 5.2 5.8 5.7 U.7 5.3 5.6 5.1 5.0 
Jerseys 5.2 5.6 5.8 5.8 u.6 U.85.1 5.3 
All calves 5.2 5.7 5.8 5.5 5.2 5.U 5.0 5.1 

All mineral milk 

Holsteins 6.0 6.5 5.9 U.8 5.5 6.0 5.3 5.1 
Jerseys h.9 5.3 k.9 5.0 U.5 5.05.1 5.5 
All calves 5.U 6.0 5.5 U.9 5.0 5.6 5.1 5.3 

All plain starter 
Holsteins 5.8 5.8 5.5 U.5 5.1 5.U 5.1 U.7 
Jerseys 5.U 5.6 5.5 5.5 U.9 5.5 5.3 5.7 
All calves 5.6 5.7 5.5 5.0 5.0 5.U 5.1 5.1 

All mineral starter 
Holsteins 5.1i 6.5 6.2 5.0 5.7 6.2 5.3 5.U 
Jerseys U.6 5.3 5.2 5.5 U.i U.7 U.6 5.1 
All ealves 5.1 5.9 5.8 5.3 5.0 5.5 5.0 5.3 
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vaa no Indication that the rations affected the blood Talues. The 

heaoglobln^ henatoorlt, calclnn, and phosphoms Talues are oonparable 

to the normal ralusa reported by Wise, et al, (78). 
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CHAPTSa V 

DISCUSSION 

Tt» reaults of this eaqperlnent have ahown that it is not necessary 

to add trace idnerals to reoonstitated sktasdlk or to the starter 

which is fed to a young calf. This was illustrated hy several points. 

The body weight gains of all gro^e of calves were xMarly the sane 

which iiklicated that the calves were growing luroperly. The heart 

girth and withers height neasurenents were also ncnnnal and were 

practically the wtm for all groups of calves within the breed. 

However^ growth alCMne could be Misleading where nicronutrients are 

involved. For this reason the effects of the trace sdnerals on 

the blood were tested directly or indirectly. 

HenoeloMji level was used to determine if iron and copper were 

available in sufficient qxiantities since iron and copper have been 

proven necessary for hemoglobin formation. The cell volume (hema-

toorit) was determined to see if the presence of trace minerals 

necessary for the production of cells was adequate. Both hemoglobin 

and cell volume were high for the initial test and then about the 

fifth week the levels reached a low point. From the fifth week 

through the fifteenth week hemoglobin and hematocrit values remained 

fairly constant. This is the normal trend (78). 

Calcium and inorganic phosphorus of the blood were also deter* 

mined to see if there were any relationships between the blood 
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calciua end phosphortio and the level of trace minerals. Protein-bound-

iodine levels were determined, but it is questionable if this tost 

was an indication of iodine nutrition (31). There was no significant 

difference between the groups in the effects of the trace minerals 

on the blood. The values were normal when conpared to values found 

Iqr other workers (78), 

Since these results have indicated no benefit from trace mineral 

SYqpplementatian, and milk is known to be low in oertain trace 

minerals, an explanation of the lack of response should be sought. 

The trace minerals are needed In very minute amounts, hence the 

name trace minerals. With this in mind one should think of the 

probable sources from which the calves received trace minerals. The 

calf is bom with a storage of certain minerals which are used 

during the early life of the calf. Colostrum contains more trace 

minerals than normal milk and the calves used In this e3q>eriment 

were given colostrum for two to five days after birth. During the 

colostrum feeding period the calves probably received adequate 

amounts of the trace minerals* The feeding of colostrum to young 

calves is a recommended practice and should be encouraged since it 

is not used for bmm consui^tion and Is very nutritious for the 

calf. 

The calves put on a reconstituted skimmilk diet without any 

mineral stq^lementation at eight days of age continued to gain In 

weight and remained healthy. Reconstituted skiraailk is considered 
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■fco be lew in braee ninerals* However^ it does oontain tfaoss oJT 

these nutrients ss Is shown in Table XV. These asioants are insufficient 

when eonpared with the needs for nomal growth (I42) • However« at 

three to four weeks of age, a oalf will consune hfiqr and grain in 

sufficient quantities to supply most of the trace minerals weowaended 

for normal health and growth. Until these minerals ean be secured 

from hay and grain, "toe calves may have been using stored minerals to 

support normal growth and hold blood values hi|^, or there may have 

been a considerable deligr in the appearance of deficiency signs. 

Table XV shews the daily requirements of trace minerals for a 

100 lb, calf, the trace minsralB received from 9,0 lb, of reconsti* 

tuted skimmilk, 0,2 lb. of hay, and 0,8 lb, of starter. These are 

the averages of the 3rd and Uth weeks* eonsuEption at which tine 

the average weight of all the calves was approximately 100 lb. The 

Holsteins weighed nrare and the Jerseys less than 100 lb, at these 

ages. 

It is shown in Table XV that a very small amount of hay and 

grain will provide the needed amounts of trace minerals. Although 
there was still a dietary deficiency of some trace minerals at three 

to four weidEs of age, by the fifth or sixth week the calves were 

consuming enough hay and starter to over-supply the required amounts. 

Actually the hay eonsuBption had increased only slightly, but grain 

consuaption had increased freaa 0,8 lb. to l.ii lb, per which was 

the average of the fifth and sixth week. 

Supplemented skimmilk supplied an ample amount of trace minerals. 
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TABLE XV 

TRACE MINERAL REQUIREMENTS AND AMOUNTS RECEIVED FROM 
SKIMMILK, HAT, AND STARTER BT DAIRT CALVES 

AT THREE TO FOUR WEEKS OF AOE 

Daily re Amounts received fromi 
quirement 
for 100 lb. 9.0 lb. 0.2 lb. 0.8 lb. 

Mneral calf skinmdlk hay starter 

l»g.J 

Iron 5o.o 0.27 10.5 2U.0 

Cqoper 5.0 0.078 0.6 3.0 

Cobalt 0.1 0.0006 0.006 0.2U 

Manganese 20.0 0.018 2.0 Hi.O 

Zino 0.5 2.22 0.8 6.0 

Iodine 0.2 0.02li 0.0055 0.120 

Magnesium 600.0 70.0 137.0 1000.0 

> ..V 

^ h 
-1 ' 

.-I 
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Hint pomtda of reooostltuted akiioadlk ecmtaining 1.35 lb. of solids 

vers siqpplenented to famish 85.0 ng. of iron, 3.8 tig, of copper, 

1.8 Bg. of oobalt, 30.0 ng. of manganese, 0.6 ng. of sine, and 0.8 ng. 

of iodine. iOl of these amounts with the exception of oopper are 

above the reooramided levels. 

The st^lemented starter, whioh half of the ealves received, 

provided even more trace minerals. The mineral siq^plement in 0.8 lb. 

of sivplemmted starter furnished 2U.0 ng. of iron, 1.1 mg. of copper, 

0.5 Bg. of cobalt, 8.8 mg. of manganese, 0.18 ng. of sine, and 

0.2U mg. of-iodine in addition to the nlnerals in the plain unsxjpple-

mented starter. 

Table XVI shoirs the level of trace minerals which tl» calves on 

stgjplensnted skimdlk and svgjplenented starter received alcmg with 

the total amount received including the amount received from hay. 

It is readily seen that the amount received from either skinnilk or 

starter alone was sufficient to provide the daily requimments. 

Prom this study it may be seen that if good quality hay and 

starter are provided, calves will receive their needed trace minerals. 

Of course a calf must eat the hay and starter, but this is no 

problem when the limited milk feeding plan is used along with 

palatable hay and starter. There may be a possibility that trace 

minerals would be deficient on an unsvQ}plemented ration if the calves 

were being fed a naxiimiB amount of skLmmilk with rapid growth as 

the objective. However, most dairymen are of the opinicui that the 
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TABLE XVI 

TRACE MINERAL REQUIREMENTS AND AMOUNTS RECEIVED FROM HAT, 
SUPPLEMENTED SKIMMELK, SUPPLMENTED STARTER AND TOTAL 

FOR DAIRT CALVES AT THREE TO FOOR WEEKS OF AGE 

Amount received fVom: 
reqnirenent 9.0 lb. 6.B lb. 
for 100 lb. 0.2 lb. supplemented si:?)pleffiented 

Mineral oalf haj akdjaailk starter Total 

(mg.) 

Iron 50.0 10.5 85.3 ua.o ly.e 

Coiner 5.0 0.6 3.9 li.l 8.6 

Cobalt 0.1 0.006 1.8 0.7 2.5 

Manganeae 20.0 2.0 30.0 22.8 5b.8 

Zine 0.5 0.8 2.8 6.2 9.8 

Iodine 0.2 0.0055 0.8 O.b 1.2 

Magneaium 600.0 137.0 70.0 1000.0 1207.0 
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noat rcqold growth plan ahould not be followed in a oalf raiaing plan. 

The feed eonauBiptlon waa aj^roxiaately the aane for all oal-vea, 

thus the addition of trace minerals to the milk and atarter had no 

effect on feed efficieney. The appetite for hay might have been 

inereaaed by the mineralized atarter since the average hay eonaxu^tion 

for the l5-week period wata Sii.l and 88.6 lb. for the oalvea on 

plain atarter and nineralizod atarter^ reapeotively. The appetite 

for atarter eould not be determined ainoe the oalvea were limited to 

four pounds per day, and this waa eaten readily after about eight 

weeks of age. 

Since calves can be raised aatiafaotorily without aiq^lementing 

the aldmailk and atarter with trace minerals, the feed coat and 

labor will be leas if the trace mineral supplementing is done by 

the dairyman only on those terms where it is known to be needed. 

In areas knoim to be deficient in iodine or cobalt, only the needed 

supplement should be wided. In other areas, such as in Florida, a 

more complex mixture of trace minerals may bo neoeaaary. There are 

no areas in Tennessee which are known to be deficient in trace 

minerala} therefore, calves can be raised in Tennessee on a ration of 

plain skinedlk, farm-mixBd starter unsupplemented with trace minerals, 

and good quality hay. 



CHAPTEK VI 

mmm 

This sjcperlMnt wst oondaeted to deterBins if the trsoe ntfasfsli« 

iro% oopper, cobalt, snnganese, iodino, and tine should be added to 

a ration of reconstituted skinmilk, notnuil starter, and ararage 

quality hay for ywing dairy ealTOS. 

A total of liiii calves, 96 J^erseyt and U8 Holsteins, vhioh ware 

divided into four equal groups were used in -tois study. The study 

was so designed that it could be determined if trace minerals (dMttld 

be added to the skimdlk, to the starter, cir to both. The four 

experimental groups wmie as foUowsi 

Ckrotqp I, Plain skisnilk and plain starter f<nmnlla 

Qro«qpi XI. Hlneralized dcliiBtiilk and plain starter fomola 

Qro^qp in. Plain skimdlk and Binaralised starter 

Qroup IV. Himralised skimdlk and ainar&Lised starter 

The ealves were on the experiment from <me week to sixteen waekt 

of age. Qrowth rates were determined frost weekly bocty- weights, heart 

girth and withers height nsasurements. In addition, daily feed ocn» 

suoption Was measured and bi-weidd.y blood tmples wore analyzed for 

hemoglobin, cell volume, calcium, iztorgsnie phosphorus, and protein^ 

bouad-iodins. 

There was tto statistically significant differanoe in boti^y 

weight gains, heart girth or withers height measaremants among the 
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grwfia, n» ftTsrage total boc^ vels^t gainv for tbo four groeqps wero 

121.7j» 118«9| I25*1> «i»3 121*6 lb*, reapeotlTBly* This ahoimd tiiat 

tbo oaLvoa rooeiving plain akLmdlk and KLneriaisad starter beld a 

tligbt edge orer the other three groaqpt la regpeet to bodjr weight 

galiui. 

The feed eeaatnptloa ef skimUk, starter^ and higr was praotioally 

tbe sane for all groups within the bra«l« whl<^ Indieated that traoe 

adneral siqppleaantatloa did not affeet feed effieienoj. The blood 

▼alnes of hMMglobin^ oell TdlmiB (heaiatoerit), ealelim, Inorganle 

phosphomS} and proteln«>boan'd»lodlne were not affeeted bgr adding 

traee idnerals to either skisRilk or starter. These raises were ' 

noraal for all rations. 

Fron this stsd^f it was oonslttded that anqppleaentatloa of traoe 

MLasrals to the skindLlk or starter fed to yoong dairy oalres was 

not necessary for noiraal growth and health of the oalres* 

/ ■ >■' • 
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