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D1ROilJCTIC!f-

Pre"fious investigations at the Clc:lahoma Station-w:1.tb steam rolled 

barley supplemented with soybean meal, calcium and vitamin A indicated 

that the addition of dehydrated alfalfa meal, molasses or a trace mineral 

mixture containing cobalt, copper 11 iron, zinc, manganese and iodine 

improved gains whereas cobalt or cobalt, copper and iron gave a lesser 

response. Later results by Renbarger (1964) demonst.rat~d that supple­

mental cobalt, zinc and iron improved average daily gain and feed ef­

ficiency as much as a cobalt, zinc, iron, copper, manganese and iodine 

combination , er a c~mbination of dehydrated alfalfa meal and molasses, 

two rich sources of trace minerals. 'lb.ese results combined with those 

of five earlier trials, indicate that barley is probably deficient in 

cobalt, marginal in zinc and adequate in iron, copper, manganese and 

iodine. Cattle experiments were conducted to determine the effects of 

suppl~entation of all barley fattening rations with cobalt and zinc 

alone and in combination. Effects of supplemental zinc in an all bar= 

ley fattening ration for sheep fed different levels of calcium were 

also determined~ 
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LI'l'FRA'lURE REVIEW 

Barley, which ranks fourth in importance as a grain crop in the 

United States, is the most widely cultivated of the cereals throughout 

the world (Morrison, 1956). Recent investigations have demonstrated 

that rolled barley properly supplemented with protein, minerals and 

vita.min A can constitute the entire feedlot ration (&nbry et !!,o, 

1965; Guerin et alo, 1959; 'lhomas and Myers, 1961 ). Wb.etzal and 

&nbry (1962 and 1963) concluded that it was not necessary to provide 

additional protein in an all=barley ration where the barley was of good 

quality and when sup~lemented with minerals and vitamin A. Oltjen et !!• 

(1959) have shown 'that the response to trace minerals by fattening cat... 

tle depends on th9 grain being fed; trace mineral additi~ns to milo 

rations were without effect on g_ain or feed ef.ficiency, but that similar 

fortification of fatten.1.ng rations containing corn produced a highly 

significant increase in rate of gain. 

'!here were some questions regarding the need for buffering activity 

since Matrone et al. (1959a, b) reported that satisfactory lamb growth 
. --

could be obtained by the addition of 11 percent sodium and potassium. 

bicarbonate to pur!f'ied diets; however, this level of, cation supplemen= 

tation proved to be too high for calves fed an all concentrate diet 

(Wise et ,al., 1961). Nicholson et alo (1963) reported an increase in 

ff:!ed in~e but no significant change in average daily gain, when three 

percent sodium bicarbonate was added to a ration based on rolled barleyo 
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Wise et al. (1965) reported that beef cattle may be finished success-- -
fully on all concentrate rations and that the .advisability of using 

rumen buffering agents is questionable. Because the roughage .which 

norm.ally is a good source of trace minerals has been removed from the 

all concentrate ration, more critical data. is needed on the advantages 

of adding trace minerals to this type of rationo 

Previous experimental evidence and chemical analysis of the bar­

ley for trace mineral content has shown that barley is deficient in 

cobalt and zinc; therefore, this discussion will be limited to these 

two mineralso 

Cobalt 

Recently cobalt has been added to the list of mineral elements 

that are essential for animal growth and healtho Australian workers, 

investigating the causes of a certain peculiar wasting disease known 

by different names throughout the world, found the first conclusive 

evidence that cobalt was a dietary essential (Underwood and Filmer, 

193.5 and Marston, 193.5). Previous to this it was thought that the di~ 

sease could be alleviated by massive do'.~es of limoni te, an iron compound 

(Filmer, 1933). Its potency was later found to be due to the cobalt 

which it contained. 

Cobalt has been shown to be important to the ruminant since the 

demonstration of its . presence in vitamin B12" Smith, (j94af,~d'.:llicke~ 

et al., (1948) suggested that this vitamin might be the functional form 

of cobalt in ruminant meta.boli.sm. Cobalt as a constituent of vitamin 

B12 makes up about four percent of the weight of the vitamin. Several 

lines of evidence earlier indicated that cobalt functioned in some man-

ner associated with the ruminant stoma.ch. There were early reports 
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indicating that non-ruminants, horses and rabbits behaved normally on 

pastures that were cobalt deficient for cattle and sheep. Laboratory 

animals, rats (Houk tl al., 1946) and rabbits and guinea pigs_ (Thompson 

and Ellis, 1947), failed to develop a cobalt deficiency even though fed 

diets containing much less cobalt than cobalt deficient pastures. 

Further emphasis>WaS put on the importance of cobalt as a dietary essen­

tial for ruminants with the discovery that the pathway of propionic acid 

metabolism is via succinic acid through an intermediate, methylm.alonic 

acid . (Flavin et alo, 1957; Beck et alo, 1957; Barker et al., 1958 and 

Lenhyel et al ., 1960). It has been shown that the coenzyme form of 

vitamin B12 is required for the metabolism of methylmalonate to succinate 

and leads to some understanding of why ruminants have such high vitamin 

B12 requirements (Tillman, 1961). Thus cobalt, through vitamin B12, 

is required for energy reactions typical of ruminants only. Some sug­

gestion has been made that cobalt may be involved !n hemopoieses but 

(Cartwright, 1955) suggests that the only physiological hemopoietic func­

tion for cobalt is as a constituent of vitamin B12· 

Marston and Lee (1949) have stated that cobalt exerts its influence 

on the ruminant primarily either .in the lumen of the alimentary canal 

or when passing through 1 ts wallo An important function of cobalt in 

the ruminant might thus concern the nature and activity of the mixed 

populations of microorganisms which normally flourish within the paunch 

and which play a fundamentally important part in the nutrition of the 

rwninanto A study by Gall et al. (1949) clearly demonstrated that in 

cobalt deficient lambs the ranen bacteria were reduced from a control 

level of~ billion per gram of dry material to JO billion; the princi­

pal types of bacteria were in lesser amounts than in comparable cobal'Wed 



lambs and mixed cultures of bacteria obtained from cobalt deficient 

lambs failed to grow b4'yond dilutions of 10-9; whereas , cultures from 

cobalt supplemented lambs grew even at dilutions of 10-11. It is evi­

dent that a shortage of cobalt significan~ affects rumen bacteria-­

their total numbers, types present and cultural qualities. 

S_everal workers have shown the value ot supplemental cobalt in 

increasing gains. Becker et al. ( 1951), investigating metabolism of 
- -- . 

-
cobalt in lambs, found that the addition of one mg. of cobalt per day 

to a deficient ration improved gains :i,n ten days and that th~se animals 

were more efficient in digesting the ether extract and NP'E fract ions of 

the rations. Chapman ,!1 al~ (1964) showed that Brahman-Angus heifers 
' 

when supplemented with eight mg. cobalt per head per day gained an 

average of 36 pounds more over~ 279 day period than those not supple­

mented. In another: report Chapman and Kidder ( 1964) found that cobalt 

suppleme~tation decreased weight loss in Hereford cows and improved gains 

of Brahman steers. BenUey !1 ~· (19.54), feeding a ration composed 

of ground ear corn and timothy hay, found that cobalt significan~ in-

creased ·average daily gain and also increased ground ear corn consump­

tion 32.5 percent. Thomas !1 !!• (1964), feeding cattle a. combination 

of trace minerals in a ration consisting of 80 percent steam r olled bar­

ley, found that trace minerals improved gains; cobalt was fed at a level 

of ten mg. per head per day. 

Cobalt deficiency has been observed in ruminants, particularly 

cattle and sheep, in many areas of the world. Marston (1952) stated 

that the deficiency is characterized in young animals by a seriously 

retarded growth rate, untbriftiness and anemia after o~ a short .time 

on cobalt deficient pasture. In adult animals he observed loss of 
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appetite and condition , anemia; followed by emaciation and lethargyo 

The blood volume and concentration of protein in plasma are materially 

reduced and the oxygen carrying capacity falls to JO percent of' normal 

or lower. Underwood (1962) reported that the body of' a severly affected 

animal presents, on autopsy, a picture of ~treme. emaciation often with 

a total absence of body fat. The' liver is fatty and the spleen_ hemo­

siderized. The red blood cell numbers and blood hemoglobinl levels are 

always low in affected animals in the field. Maynard and ~osli ( 1962) 

stated that there also appears to be a lowering of the vitamin B12 con­

tent of the blood. 

The only certain diagnosis of cobalt deficiency rests upon the 

response of the animal to cobalt feeding • . Gall (1949) showed that co­

balt deficient sheep had no response to injected cobalt and that sheep 

· fed cobalt at a level of one mg. per head per day recovered. This 

would indicate that microbial activity in the rumen is essential. 

This is true as rumen microorganisms have. been shown to concentrate 

cobalt and synthesize vitamin B12• The possibility also exists that the 

bacterial metabolic processes during which vitamin B12 is synthesized . 

are important for the maintenance of good ruminal activity (BenUey; 

· 19.54). To be effective the supplement of cobalt must be administered 
. I 

frequently (Marston, 1952). Cartwright ( 1955) stated that synthesis 

of vitamin B12 in the rumen cannot take place in the absence of cobalt 

and that parenteral administration of about five micrograms of vitamin 

B12 Per day was effective in alleviating deficiency symptoms. Sherman 

tl al. (1960) showed that a cobalt oxi,de pellet weighing 20 grams cor­

rected cobalt deficiency and concentration of vitamin B12 in liver held 

its consistancy for eight months. Administration of the heavy pellet . ' 
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is thought to be advantageous due to its slow release of the mineral 

over a long period of time. Ruminants appear to utilize cobalt solely 

as an integral part of vitamin B12 and are completely dependent upon 

the activities of microorganisms within the rumen for their supply of 

this vitamin (White et al., 1964 and Underwood, 1959 ). 0:,balt deficiency, --
in ruminants is therefore essentially a vitamin B12 deficiency. 

Zinc 

The zinc content of the body is only approximately three mg. percent. .. 

The highest concentrations are found in the epidermal t i ssues, such as 

skin, hair and wool, but traces occur in the bones, muscles, blood and 

various organs. F.a.rly work showed that zinc was an essential mineral 

for plants and that many areas of zinc-deficient soils were revealed 

throughout the world. Until the recent evidence (Legg and Sears, 1960) 

indicated that there may be 'some adverse effects to ruminants gr~zing 

on zinc deficient pastures zinc deficiency was not considered a problem 

in the nutrition of ruminants. 

One of the important functions of zinc is as a const ituent of the 
' I 

enzyme carbonic anhydrase, which is f ound in the red blood cells, the 

pancreas and the mucosal lining of the stomach. Carbonic anhydrase is 

involved in carbon dioxide elimination and may be concerned with HCl 

formation in the border cells of the stomach. Zinc is also a' cmstituent 
( 

of crystalline insulin isol~ted from the animal pancreas and may play 

a role in carbohydrate metaholism. Other enzymes incl uding pancreatic 

carboxypeptidase, alcohol dehydrogenase, glutamic dehydrogenase and lac-

tic dehydrogenase contain zinc as a structural and functional <;:omponent 

(Tillman, 1961). Chang et al. (1961) showed that it is also a const it­

uent of DPN and/or TPN containing enzymes wit h which it functio~s. 



Evidence presented . earlier ' .shows. 'that zinc :is. a rd1:etary ,"e·ssential :ibr 

ruminants. ott !! !:!• (1964), f'eeding z.inc in a def'i.cient ration tor 
. . 

young lambs, f'ound that zinc increased both average dail:ygain and teed 

consumption. He also f'ound that lambs fed zinc and pbytic acid in com-

bination were signiticant~ more ef'f'icient in f'eed conversion, howevef, 

zinc supplementation improved feed eff',ieienc7 more than pbytic acid 
I 

alone. ad.th .!1 !.!• ( (964~) shoiled that the addition of one or two 

grams _of zinc per head per day to fattening catUe fed a corn, so7bean 

meal ration signif'ican~ improved growth and provided feed savings of 
) 

three percent. 

Zinc deficiency was first described in swine (Kerncamp and Ferrin, ' 

1953) as a dermatitis designated as parakeratosis. The demonstration 

by Tucker and Salmon ( 19.5.5) that zinc supplementation cures and prevents 

parakeratosis in swine has been amplified and contirmed 'b7 many workers 

(Iu~ e !! al., 19,.56; Lewis !! !!•, 1956; Hoekstra .!! !:!•, . 1956; Stevenson 
I I 

and Earle, 19.56; Lewis~!:!•, 19.57•; Lewis.!!!.!•, .1.9.57b ·and Conrad 

and Beeson, 1957). From these :tnvestigations it is apparent that .Ca ) 

signs of' zinc def'1cienc7, namely, sub-normal growth, inappetence , poor 

feed ef'ficienc7 and par.akeratotic skin lesions, can arise in growing 

pigs fed rations containing J0-40 pJ:111 zinc or less, (b) these symptoms 

can be completely overcome or prevented by zinc supplements at the rate 

of' 40-100 pJn zinc and partia]J7 overc0111e by 'smaller suppleaents , and 

(c) ,in most cases the severity' of the symptoms increases as the .cal cium 

content of the diet increases (Underwood, 19.59). , Ana]J'ses of' foodstuffs 

for zinc are not adequate to indicate the value of the feeds as dietary 

sources of' this element. ror example soybean, sesame and peanut meals 

all contain significant quantities of zinc, 7et this is unavailable when 

·ingested (White et al., 1964). --



Only as recently as 1960 did Miller and Miller (1960) first des­

cribe the actual zinc deficiency symptoms in ruminants. Miller and 

Miller (1962) described these deficiency symptoms in dairy calves: 

9 

zinc content and carbonic anhydrase activity of the blood was signifi­

cantly lower; skin of the deficient calves exhibited parakeratosis; 

the papillae of the rumen showed excessive over growth, a moderate 

ker~tin formation and retention of nuclei. ·They found that the addition 

· of (260 ppm zi~c increas'ed the weekly feed intaJ{e and rate of gain. 

Further deficiency symptoms in sheep were described by Ott et al. 

(1964) as being: anorexia, depraved appetite (eating wool), decreased 

growth, reduced feed efficiency, loose wool, swollen hocks, red, wrin­

kled skin and open lesions of the skin above the hoof and around the 

eyes; tissue changes, including decreased tissue zinc and parakerato­

tic lesions of t~e skin. The deficiency was completely alleviated by 

100 mg._ zinc per kg. of ration. 

Some work has been done to attempt to elucidate if a zinc defi= 

ciency is aggravated in ruminants by the addition of calcium. Wise 

et al. (1963) reported that ruminants can tolerate wide calcium­

phosphorus ratios, up to 7 or 8:1, without s~rious effects. Smith 

tl al. (1964b) supplemented three levels of zinc, 0.5 gm., 1.0 gm. and 

1.5 gm., per head per day with two levels of calcium, 0.25 percent and 

0.5 percent. Results indicated that neither zinc nor calcium had an 

effect on growth performance and apparently there was no interaction; 

however, zinc supplementation increased serum and hair zinc while cal­

cium decreased both. Fontenot et al. (1964) fed calcium-phosphorus 

ratios of 1:1, 2:1, 4:1 and 8:1 with and wit hout the addition of 100 

mg. of supplemental zinc per head per day ~nd observed that (1) gain 



and feed efficiency were depressed at ratios of 4:1 and 8:1 without 

supplemental zinc, and (2) that with supplemental zinc, calcium had 

no effect on gain and feed efficiency. 

' 
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EXPFRIMffiTAL PROCmJRE 

Cattle 

Trial I 

Sixty grade Hereford steers averaging about 15 months of age and 

weighing an average of 328 kilograms were allotted by weight and grade 

into four similar groups of 1.5 per group. Treatments w~re assigned at 

random to each group and the steers were divided into groups of five 

and randomly allotted to pens providing three replications per treatment. 

Experimental design and ration treatments are given in Table I. The 

animals were self-fed in pens with dirt floorso No bedding was provided 

and the animals had free access to water and salt. Fifty percent cotton­

se.ed hulls were added t o all rations initially, but wer,e gradually with­

drawn at weekly intervals until all hulls were removed by the end of 

the fifth week. The rations contained 11.5 percent crude protein, 0.40 

percent calcium and 0.40 percent phosphorus. No other minerals were 

available to the cattle except those supplied in the ration... Details 

of ration composition are shown in Table II. A summary of the chemical 

analyses (Sandell, 1959), of the barleys used, for cobalt and zinc con= 

tent are shown in Table III • 

. Initial and final weights were preceded by a 16-hour shrink away_ 

from feed and water. Steers were weighed at 28 day intervals through­

out the course of the trial. The experiment was initiated on May 5, 1964 

and continued for 136 days. 
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A 
Basal 

2, 6, 10 

TABLE I 

EXPERIMENTAL DESIGN - TRIAL I 

Treatment 
B 

Basal 
& 

3 mg. Oobalta 

4, 8, 12 

c 
Basal 

& 
JOO mg. &ca 

1, 5, 9 

aSupplemental cobalt and zinc as mg./hd./day. 
brive animals per lot. 

TABLE II 

COMPOSITION )F THE BASAL RATION - '!RIAL I 

D 
Basal 

& 

12 

3 mg. Cobalta 
JOO mg. Zinc 

3, 7, 11 

a Supplement 1 • 6 lb. /head/ day 

Steam rolled barley ad libitum 

acomposition: Soybean meal - 93.6 percent, calcium carbonate -
6.2 percent, 1 gm. Quadrex per lb., potency 20,000 
I. U. /gm. 

Year 

TABLE III 

COBALT AND ZINC CONTENT OF BARLEY 

Parts Per Million (ppm) 
Cobalt Zinc 

< 0. 02 

( 0.03 

33 

29 
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Response criteria were rate of gain, feed consumption, feed ef­

ficiency; slaughter data, which included dressing percentage, carcass 

grade, marbling score, fat thickness and rib eye area. Other criteria 

were volatile fatty acid (VFA) production, hematocrit and hemoglobin. 

Rumen fluid samples were obtained using the technique of Raun and 

Burroughs (1962), on one day of the last week of the trial, for VFA 

and pH determinations. Immediately after collection pH determinations 

were made, microbial action in the fluid was stopped by the addition 

of mercuric chloride and the samples were stored to be prepared later 

for VFA determination using the method of Erwin et al. (1961). An 

Aerograph Hy-Fi Model A-600-B gas chromatograph using nitrogen as the 

carrier gas was utilized for separation and determination of each acid. 

Blood samples were also collected and the final day of the trial and 

were analyzed for percentage packed cells using a micro-hematocrit 

and gram percentage hemoglobin using the cyanomethemoglobin method of 

Cannon ( 1958). 

Trial II 

Thirty-two Angus and 28 Angus-Hereford crossbred yearling steers 

weighing an average of 296 kilograms were allotted by weight and grade 

into 12 lots. There were five animals per lot and the experimental 

design was a randomized block with three blocks by breed and four treat... 

ments in each block providing three replications per treatment. Eic­

perimental design and ration treatments are given in Table IV. Details 

of ration composition are shown in Table V. The purpose of this trial 

was to determine the effects of increasing cobalt level alone and in 

combination with zinc. 



Block· 
A 

TABLE IV 

EXPERIMENTAL· .DESIGN ..;;. .TRIAL II 

Treatment s c 
3 mg. Cobalta 6 mg. Cobalta 3 mg. Ccbalta 

'& 
JOO mg. Zinc 

b 
6 mg. Cobalta 

& 
JOO mg. Zinc 

Angus lotsb 11 10 4 

5 

8 

3 

7 Crossbred lots 6 9 

Mixed lotsC 1 2 

&Supplemental c.obalt and zinc as mg. /head/day. 
bri ve animals per lot. 
CThree Angus and two crossbreds per lot .. 

Supplement& 

TABLE V 

COMPOSITIONi::OF·::THE ... RATIONS·· .. ~· :TRIAL II 

Steam rolled barley 

o.6 lb./head/day 

.!9. libitum 

12 

&Percentage composition: 
Ration A - Co"'C03, 0.0022; CaC03, 32014; Qu.adrex (20,000 I.U. / ' 

gm. ) , o. 55; soybean meal, 67. 31 ,. . 
Ration B - Coco3, 0.0044; Caco3, 32.14; Qu.adrex, 0.,55; soybean. 

meal, 67. J1. 
Ration C - CoCOJ, 0.0022; Ca.003, 32.14; ZnSOJ+•7 H20, 0.48; 

Qu.adrex, 0.55; soybeari' meal, 66.83. 
Ration D - CoC03, 0.0044; CaC03, 32.14; ZnS04°7 H20, 0.48; 

Qu.adrex, 0.55; soybean meal; 66.83. 



The steers were placed on feed May 6, 1965 and_the trial continued 

for 130 days. All other details of experimental procedure were identi­

cal to those outlined in trial I. 

Sheep 

Trial III 

Twenty-four crossbred lambs. 16 ewes and eight wethers,·averaging 

29.5 kilograms were randomly allotted, with.in sex, to each of four treat­

ments p;roviding six animals per treatment. The lambs were individually 

fed indoors on slatted floors and were fed twice a day to maximum con­

sumption with water being supplied!£ libitum. Initially, 50 percent 

cottonseed hulls were added to the rations and gradually withdrawn until 

the animals were on full feed at the end of one week. Ration composi­

tions are shown in Table VI. Ea.ch ration was supplemented with a trace 

mineral premix at a level of 0.5 percent. The composition of the pre­

mixes is shown in Table VII. The purpose of this trial was to determine 

th~ effects of adding zinc in two different calcium-phosphorus ratios. 

The lambs were placed on feed March 13, 1965 and the tl>ial continued 

for 56 days. Weights, without shrinking, were taken at 14-day intervals 

during the trial, but initial and final weights were preceded by a 16 ... 

hour shrink away from feed and water. 

Response criteria. were rate of gain, feed efficiency and feed con ... 

sumption. Blood samples were collected on the final day of the trial 

and were subjected to analyses for hema tocri t and gram percentage hemo­

globin. 



TABLE VI 

RATION COMPOSITIONS - ··mliL III 

Percentase of Ration 
Ration A Ration B Ration C Ration D 

Steam rolled barley . 96.7 96.7 95.5 95o5 

Soybean meal 1.4 1.4 1 .. 6 1.,6 

Calcium. carbonate 0.9 0.9 1.9 1 .. 9 

Trace mineral premix o.5a o.5b o.5a Oo5b 

Salt 0.5 0.5 Oa5 0 .. 5 

Vita.min Ac Added to suppl;y 1500 I.U./lb. of ration 

Percentages g!: 

Crude protein 11.58 11. 5.5 11.55 11o53 

Calcium. .41 .41 0 19 .,79 

Phosphorus .40 .40 .. 40 .. 40 

Calcium:phosphorus ratio 1: 1 1: 1 2: 1 2: 1 

a'l'race mineral premix without zinc. 
bTrace mineral premix with supplemental zinc to supply 100 "1!18• f 

head/day. · 
CQnadrex 20,QOO L u~/gm. 
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TABLE VII 

COMPOSITION OF TRACE MINm.AL PREMIXES 

ftemi~ W!thgut Z;tnc 
Mineral Carrier PPM in Total Percentage in 

Ration Premix 

CoC03 0.3 0.01210 

KI 0.3 0.00786 

CuC03 5~0 0.19400 

MnS04•H20 15.0 0.92300 

FeS04 50.0 2.72000 

Soybean meal 96.14300 

Premix With Zinc 

Same as above 3.85700 

ZnS04•7 H20 100.0 8.79000 

Soybean meal 86.35300 
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Trial IV 

Thirty crossbred wether lambs with an average weight of 33 kilo­

grams were randomly allotted to six groups of five lambs per treat­

ment. Trea_tments in this 70-day growth trial consisted of three dif­

ferent calcium-phosphorus ratios, with and without the addition of zinc 

in a factorial arrangement of treatments. Details of ration composition 

are shown in Table VIII. Trace mineral premixes are as outlined in 

Table VII. The ration was modified by the addition of two percent 

molasses to function as a carrier for the mineral premix and to increase 

palatability. The lambs were provided with feed and water free choice. 

All other experimental procedure was as outlined in trial III. 



TABLE VIII 

RATION COMPOSITIONS - TRIAL IV 

Ingredient 

Steam rolled barley 

Soybean meal 

Calcium carbonate 

Trace mineral premi.x:a 

Molasses 

Salt 

Vitamin Ab 

Percentages of: 

Crude protein 

Calcium 

Phosphorus 

Calcium:phosphorus ratio·· 

Rations 
A&D 

94.55 

1.60 

0.85 

0.50 

2.00 

0 • .50 

Added to 

11 • .50 

.39 

.39 

1 : 1 

Percentage of Ration 
Rations 

B & E 

93.30 

1·.85 

1.85 

0.50 

2.00 

0.50 

· supply 1500 I. U. /lb. 

11.49 

.77 

.39 

2: 1 
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Rations 
C&F 

90.70 

2.50 

3.80 

0.50 

2.00 

0.50 

~r ration 

11.53 

1 • .52 

.38 

4: 1 

a.Premix for rations A, B, & C contains no supplemental zinc, premix 
for rations D, E, & F contains supplemental zinc to supply 100 mg.lhead/ 
day. 

bQuadrex 20, 000 r. u. / gm. 



RESULTS 

Cattle 

Trial I 

Results of this trial are shown in Table IX. Supplementttl. cobalt 

alone or in combination with zinc apparently increased gains and feed 

consumption but these differences only approached significance (P<,, 10)@ 

Zinc supplementation did not affect gains or feed consumptiono Both 

cobalt and zinc supplementation tended to reduce feed efficiency but 

these differences were not significant (P > o0.5); the combination of 

cobalt and zinc_had no effect upon response criteria. 

Supplemental cobalt alone improved carcass grade (P <. 01), rib eye 

area (P (.01) and marbling score (P < .0.5), but supplemental zinc did 

not affect (P~.0.5) any of these response criteria; the combination of 

cobalt and zinc also improved these criteria and in the case of rib eye 

area, differences between cobalt alone and the combination were signi­

ficant (P (.0.5). Neither dressing percentage nor fat thickness was 

.affected by any treatment. 

Supplt}mental zinc lowered (P < .0.5) ruminal acetate, propionate and 
' 

total VFA levels while cobalt had no (P>.05) effect. None of the treat... 

ments affected (P > .0.5) acetate/propionate ratio, ruminal fluid butyrate 

or hema tocri t. 
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TABLE IX 

EXPERIMENTAL RESULTS - TRIAL I 

Treatments 
Item Basal Basal Basal 

& & 
3 mg. Cobalt. JOO mg. Zinc 

No. of steers 15 1.5 15 
Av. weights, kg. 

Initial J26 327 329 
Pinal 461 469 465 

Av. daily gain, kg. .99 1.04 .99 
Av, dai:cy feed intake, kg. 8.6 9.4 9.2 
"teed/100 kg, gain 868 906 920 
Carcass grad~a 8.9 9-5** 8.9 
Marbling scoreb 11. 6 12.8* 11.9 
Dressing percentaf e 60.7 6o.2. 60.6 
Rib eye area, cm. 70.2 71.0•• 69.8 
rat thickness, cm. 2.4 2.J 2.4 
Volatile fatty acidsc 

C2 55.5 68.7 45.7• 
C.3 46.J 6o.4 JB. r• 
04 1101 9.0 7.1 
Total 113.2 1 :38 •. 1 91.4• 
d2/C3 1 .27 1.25 1.24 

as= av. good; 9 = high good; 10 ~ low choice. *P < .05. 
b11 = slight; 12 =slight+; 13 =small-· **P< .01. 
CMillimoles /liter of rumen fluid. 

Standard 
Basal Error of 

& Treatment 
'.3 mg. Cobalt Means (Sf) 
JOO mg. Zinc 

-
15 

330 
476 

1 .07 .01 
9.1 .04 

857 2.50 
9·5** .07 

12.6* .15 
6o.8 .06 
73.9**·' • :n 
2.4 .05 

44,7* 3.01 
32.3* 3.40 
?o 1 095 

84. 1* 6.61 
1.44 .17 

N .... 
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Trial II 

Results of this trial are shown in Table X. Differences between 

treatments were small and insignificant (P>.o;) except for the depres­

siod (P < .05) in marbling score when cattle were fed six mg. of cobalt 

and 300 mg. of zinc daily; however, there appeared to be a trend to­

ward improvement in gains, carcass grade, marbling score, _dressing per­

centage and fat thickness when the low level of cobalt plus zinc were 

fed, with some depression noted when cobalt level was incr,ased. Treat­

ment had no effect on VFA production or blood values. 

Discussion 

These results are discussed in connection with the analyses of the 

feeds, which are shown in Table III. Cobalt requirements of beef cattle 

are 0.06 to 0.10 ppm (NRC, 1964) while that of zinc is not well defined. 

Smi~ il !!• (1964a) found that 100 ppm of supplemental zinc increased 

gains of beef catUe; however, in more recent work (Smith et al., 1964b) 

a level of 20 ppm zinc met their requirement. As the barley contained 

about 0.02 ppm cobalt and from 29 to 33 ppm zinc it is apparent that 

cobalt was a limiting nutrient while zinc is questionable. Since the 

calcium levels of the rations (0.35 percent to 0.40 percent) were not 

excessive in these trials, levels of zinc in barleys used were perhaps 

adequate or nearly adequate which could lend explanation to a somewhat 

variable response obtained from supplemental zinc. The results of the 

two trials support the idea that cobalt was limiting while indicating 

that additional zinc was not needed. 



TABLE X 

EXPmIMEliTAL RESULTS - TRIAL II 

Treatments 
Item 3 mg. Cobalt 6 mg. Cobalt: '.3 mg. Cobalt omg .. Cobalt 

JOO mg. Zinc 300 mg. · Zinc 

No. ot steers 15 15 15 15 
A.v. weights, kg. 

Initial 293 297 295 298 
Final 431 437 437 433 

Av. daily gain, kg. 1.05 1.08 1.09 1.04 
Av. dail3 t~ed intake, kg. 9.1 9.5 9.3 8.7 
Feed/1_00 kg. fain 862 883 850 841 
Carcass-grade 10.1 10.1 10.5 9.9 
Marbling scoreb 15.1 15.6 16.1 34.9* 
Dressing percenta!e 61.1 61.6 62.1 60.4 
Ril;, eye area, cm. 70. 1 73.3 7101 69.2 
Fat thickness' Cllh 1.50 1.53 1.63 1.56 
Volatile tatty acids0 

37~0 C2 43.2 44.2 43.4 
CJ 35.1 36.1 JJ.1 31.6 
C4 7.5 6.9 5.0 11.0 
Total 85.9. 87.2 7.5.,0 89.0 
C2/C3 1.23 1.25 1 .. 12 1.50. 

. :9 = h_igh gQod; 10 = iow choice; 11 = av .. choice .. *P< .. 05. 
14 = small;. 1.5 = small +; 16 = modest =o 

0Millimoles/liter of rumen fluid. 

Standard 
Error ot 

Treatment 
Means (S.x) 

.02 

.09 
2.70 
.13 
.38 
.23 
.12 
.04 

1.50 
1.72 
.77 

3.20 
.08 

(\) 
\.,.) 



Dietary cobalt can be used to synthesize vitamin B12 in the rumen 

(White et alo, 1964 and Underwood, 19.59). As vitamin B12 is involved 
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as an important cofactor in the utilization of propionic acid (Tillman, 

1961) cobalt supplementation in rations deficient in this element would 

be expected to improve appetite and gains (Becker and Smith, 19.51; 

Bentley et al., 19.54; Thomas et al., 1964; and Chapman and Kidder, 1964) 

with no improvement in feed efficiency (Stewart, 19.53); results of 

trial I, thus support these observations. In the second trial the 

increased dietary level of cobalt gave no further increase. Actually, 

the requirement of the steers for cobalt should have been met by the 

addition of one mg. per day, thus even the lowest level supplied more 

than three times as much as needed and no further increase should be 

expected. The highest level of cobalt was well below the toxic level 

(Underwood, 1962) of this element. 

The effect of cobalt supplementation upon carcass traits must also 

be considered in connection with the effect of a deficiency of vitamin 

B12 on total energy intake and the utilization of propionic acid. As. 

cobalt increased energy consumption of animals fed a fattening ration, 

it would be logical to expect carcass traits to be improved. As pro-

pionate can be used as the carbon skeleton for amino acid syri.thesis, 

it is not surprising that r:i.b eye area was increased by additional co-

· balto 

Founder, liver abcesses and abnormal rumens are often associated 

with high concentrate rations. In these trials, due to the fact steers 

were carefully and slowly brought on to full feed, no cases of founder 

were notedo Of. 120 head slaughtered only one abcessed liver was noted 
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a~d approximately 50 percent of the rumens examined had varying degrees 

and types of abnormalities. 

Sheep 

Trial III 

Results of this trial are shown in Table XI. Although not sig ... 

nificant, the addition of zinc apparently improved g~n.s, feed effi­

ciency and feed consumption while decreasing (P <Q01) the hematocrit. 

There was an interaction (P < .05) :between the calcium:phosphorus ratio. 

and zinc on hematocrit: the addition of zinc increased the hematocrit 

when a 1:1 ratio was fed, but caused a decrease when,the ratio was in­

creased to 2:1. Hemoglobin was apparently decreased by the addition of 

zinc, but the differences were not significant. 

Trial IV 

Results of this trial are shown in Table XII.. Zinc additions 

increased (P<.01) gains and decreased the hematocrit (P <o05) and 

hemoglobin level (P <9025). Also feed consumption and feed efficien=· 

cies apparently were improved, but the differences were not significant. 

Discussion 

The analyses of barley (Table III) indica.ted that the samples 

used in these trials contained about 30 ppm, a level conside~ed by 

many to be adequate (Smith, 1964b). In non-ruminants, the requirement 

for zinc is increased (Lewis, 1957a) when the level of ration calcium 

.is increased. The results of the two trials in the present experiment 



Item 

No. of sheep 

Av. weights, kg. 

Initial 

Final 

Av. daily- gain, kg. 

Feed cons./day-, kg. 

Feed/gain, kg. 

Hem.a.tocrit 

Hemoglobin, gm. '1, 

TABLE XI 

EXPERIMENTAL RESULTS - '!RIAL III 

Treatment 
1 : 1a: 2: 1a 1:1a 

& 100 mg. 
Zinc 

6 6 6 

j4 37 3.5 

38 41 40 

.18 .17 .20 

1.1 1.2 1.2 

6.6 7.7 6.o 

32.3 37.9 33.2** 

13.7 13.9 12.7 

a.Calcium/phosphorus ratio. 
**P< .01. 
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Standard 
2: 1a Error cf 

& 100 mg. Treatment 
Zinc Means (S5c) 

6 

36 

43 

.21 .01 

1. 3 .09 

6.2 .16 

30.9** • .51 

12.7 .38 



Item 1 : 1Ei 

No. of sheep 5 

Av. weights, kg. 

Initial 33 

Final 41 

Av. daily gain, kg. .12 

Feed cons./day, kg. .84 

Feed/gain, kg. 7.4 

Hematocrit 37.8 

Hemoglobin, gm. '/J 13.4 

a . . 
Calcium/phosphorus ratios. 

*P<.05. 
*'!'P<.01. 

TABLE XII 

EXPERIMENTAL RESULTS - TRIAL IV 

Treatments 
2: 1Er 4:1a 1 da. 2:1a 4:1a 

& & & 
100 mg. Zinc. ~00 mg. Zinc 100mg. 2inc 

5 5 5 5 5 

33 J4 :n 31 33 

41 39 42 41 43 

• 11 .10 .. 13** .14** .14** 

.96 .84 .95 .99 1.01 

a.a 10.2 8.3 7.8 7.5 

35.2. 41.0 35.9• 33.9• 33.9• 

12.7 14.0 13.2• 12.1* 12.2* 

Standard 
Error of 

Treatment 
Means (S,x:) 

.01 

.OB 

.18 

.76 

.18 

{\) ......, 
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indicate that calcium level exerts an influence on the zinc requirement 

of ruminants: increased calcium levels in both trials decreased feed 

consumption, gains and feed efficiency, but zinc additions improved 

these response criteria at all calcium:phosphorus ratios. Also, the 

effect of the added zinc appeared to increase as the ratio widened. 

These results tend to agree with those of Fontenot (1964). 

No explanation is offered for the significant interaction noted 

between calcium:phosphorus ratio and zinc level on the hematocrit in 

trial III; however, no interaction was found in trial IV, thus it may 

have been a chance occurrence. Additional zinc decreased the hematocrit 

and hemoglobin levels in both trials and the effect was increased with 

·increasing .calcium level. No explanation for these observations are 

offered except to point out that excess zinc interferes (Underwood, 

1962) with the utilization of copper, iron, phosphorus and sulfur. 

The role of copper and iron in hematopoiesis is well kno-wn and needs no 

further discussion here. Sulfur and phosphorus, of course, would be in­

volved in hematopoiesis only in an indirect manner and would have a 

bearing only under certain conditions. Since calcium interferes ~i­

rectly with zinc metabolism, (Cabell and F.arle, 1964) one would expect 

that the effect of zinc on hematocrit and hemoglobin with increasing 

calcium levels would have been opposite of that observed. It is dif­

ficult to explain these results on the basis of calcium interference 

on other minerals. Excess calcium only interferes with the utilization 

of phosphorus, iodine, magnesium and manganese in addition to zinc, and 

none of these minerals are directly involved in hematopoiesis. Thus, 

the reasons why additional zinc is more effacious in decreasing the 



hematocrit and hemoglobin levels when the level of calcium is high 

remains obscure and more research in this area is indicated. 
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SUMMARY 

Two growth trials, involving 120 steers were conducted to deter­

mine the separate and combined effects or cobalt and zinc supplementa­

tion of all barley fattening rations on performance, carcass traits, 

VFA production and blood values. I.n trial I the addition of three mg. 

or cobalt per head per day tended to imPl"'OVe weight gain and_feed eon= 

sumption, and significantly improved carcass grade, marbling score 

and rib . eye area. The ad.di tion of 300 mg. of zinc per head per day 

had no effect on performance or carcass traits; however, a significant 

depression in rumen f'luid acetate, propionate and total_VFA production 

was notEJdo ·The addition of three mg. of cobalt in combination with 

300 mg. zinc significantly increased rib eye area over cobalt alone. 

In trial II addition of six mg. of cobalt per head per day had no 

advantage over three mg. of cobalt. When six mg. of cobalt were.,:fed'in 

combination with 300 mg. zinc a significant depression in marbling score 

occurred. There appeared to be a trend toward. improvement in gains, 

carcass grade, marbling score, dressing percentage and tat thickness 

when the low level of cobalt plus zinc were fed. Treatment had no et­

.t'ect on VFA production or blood values. 

Also, two growth trials, involving 54 lambs were conducted to de­

te:nrdne the ef'f'ects of zinc supplementation upon calcium level supplied 

in all barley fattening rations. In trial III-the.addition of 100 mg. 

of zinc per head per day to rations containing 1 : 1 and 2: 1 calcilJ'1:. 
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phosphorus ratios tend.ed to improve gains, :f'eed efficiency and feed 

consumption while hema.tocrit values were decreased significantly. 

There was a significant interaction between calcium:phosphorus ratio 

and zinc on he:m.atocrit. 
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In.trial IV 100 mg. of' zinc per head per day was added to rations 

containing 1: 1, 2: 1 and 4:.1 ca:lcium:phosphorus ratios. The addition of 

zinc at all levels significantly improved gains and decreased he:m.atocrit 

and hemoglobin levels. Feed consumption and feed efficiencies wer~ 

again improved by the addition of zinc although the improvements were 

not significant. 

/ 
/ 
I 
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