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CHAPTER Z 

INTRODUCTION 

Since the demonstration by Hart et̂  al. (1939) that dairy heifers 

were capable of utilizing the nitrogen of urea by synthesizing their 

own protein, much research has been directed tox̂ 7ard finding the most 

optimum conditions for efficient urea nitrogen utilization (Stangel 

et al., 1963). 

One of the major problems encountered when feeding urea, is the 

rapid hydrolysis of urea to form ammonia and carbon dioxide. Bloomfield 

et al. (1960) indicated that urea hydrolysis occurred four times faster 

than the uptake of the released ammonia, thus resulting in a loss of 

nitrogen available for microbial protein synthesis. Judging from this, 

it seems most logical that in order to increase the efficiency of urea 

nitrogen utilization, urea hydrolysis must be slowed or ammonia utili

zation must be increased. 

The objectives of this investigation were: (1) to determine the 

effect of heavy metal ions upon urease activity; (2) to determine the 

effect of heavy metal ion carriers upon ruminal urease activity; and 

(3) to compare and determine the effect of heavy metal ions and their 

carriers upon rumen bacterial urease from cattle fed an all-concentrate 

diet versus those fed a part-roughage diet. 



CHAPTER I I 

LITERATURE REVIEW 

Urease 

Recognition and Occurrence 

Musculus (1876) was the first to report experiments with the enzyme 

urease. He filtered off bacteria on filter paper, dried the paper, then 

used the dry paper, after impregnation with an acid-base indicator, to 

test for urea. He also reported the presence of urease in the urine of 

people suffering from bladder catarrh and noted that it would not hydro-

lyze acetamide, oxamide, hippuria acid, and uric acid. Miquel (1890) 

observed urease acitvity in many species of microorganisms. The richest 

plant source of urease known is the jackbean (Damodaran and Sivara-

makrishnon, 1937), which contains 0.15% urease on a dry weight basis. 

The richest known source of urease is from Bacillus pasteurii, which 

contains up to 1% of its dry weight of urease (Larson and Kallio, 1954). 

Chemical Properties 

Sumner and Poland (1933) observed that twice-recrysta l l ized urease 

gave a ni t roprusside t e s t and concluded that there were sulfhydryl 

groups present in the urease molecule. This work showed that there are 

twenty-three -SH groups per mole of urease which react with diluted 

ferr icyanide, d i lu te iodosobenzoate, or porphyrindin ;\rithout a con

comitant loss of enzymic a c t i v i t y . Further oxidation of -SH groups 

with iodine or strong iodoso-bensoate showed the presence of an 



additional twenty-three -SH groups per mole of urease, the oxidation 

of which resulted in complete enzymic inactivation. They reported that 

the reaction of phenylisocynate with urease indicated that approximately 

twenty-three -SH groups per mole of urease could react without any loss 

of enzymic activity. Enzymic inactivation begins suddenly when the less 

reactive -SH groups are attacked, and the inactivation appears to be 

complete before all the next twenty-three groups are acylated. Varner 

(1959) suggested that the slow inactivation resulted from a structural 

change in the enzyme. The relative effectiveness of various metal ions 

as inhibitors of urease has been shown to be Ag Cu- Cd Co Ni 

. . ++ ++ . 1 

Mn , with Pb and Fe unassigned but less than Cu (Shaw 1954). 

This order correlated with the relative, insolubility of the sulfides 

of these metals. 

Catalytic Reaction 

Sumner (1951) has stated that urease is absolutely specific. 

Hundreds of compounds have been tested and have been shown not to be 

hydrolyzed by urease; among these were various substituted ureas and 

related compounds. 

Mechanism 

Although the rapid hydrolysis of urea to carbon dioxide and water 

via the action of urease is well established as shown by the reaction 

below (Umbreit, ̂  ^ . , 1964), the reaction mechanisms are not completely 

understood. 

NH_ 

CO f ^ ^ (NH4>2 '̂ °3 ^ 2(NH^) + H^O+CO^ 

NH, 



Sumner (1951) has substantiated the finding that carbonate is pro

duced in the reaction mixture. He has pointed out however, the trouble-

some possibility that carbon dioxide and water were the first products 

of the reaction and that the carbonate was produced from a secondary 

and non-enzymic reaction of carbon dioxide and ammonia. 

Comparison of Bacterial and Jackbean Urease 

Jackbean Urease 

The effects of temperature, pH, and substrate concentration on the 

rate of jackbean urease-catalyzed hydrolysis of urea are complex and 

interrelated. 

Wall and Laidler (1953) have found that the initial rates of urea 

hydrolysis reach a maximum with increasing substrate concentration and 

at very high urea concentrations actually decrease. They postulated 

that at high concentrations, urea may occupy that site on the urease 

surface normally occupied by water and thereby inhibit the enz5mie. 

Howell and Sumner (1934) have found differences in jackbean urease 

activity when different levels of buffers were used with different 

levels of urea and at different pH values. They found that the pH 

optimum for jackbean urease acting upon 2.5 percent urea was 6.4 for 

acetate, 6.5 for citrate and 6.9 for phosphate. Also in the phosphate 

buffer, urease was active from pH 4 to 8.5, and in acetate buffer from 

below pH 3 to 7.5. 

The temperature optimum for jackbean urease was found to be between 

20°C and 25°C. (Varner, 1959). 

Shaw (1954) found that soybean urease was highly sensitive to trace 



quantities of metal ions. Comparing his work with fellow coworkers 

using jackbean urease, he found similar results. Since urease was 

known to contain one or more sulfhydryl groups as integral parts of 

its catalytically active site, Shaw (1954) postulated that the metals 

which form the most insoluble sulfides should consequently be the best 

inhibitors of jackbean urease. The greatest inhibitors were in the 

following order: Ag > Hg >Cu > Zn > Cd > Pb > Co > Ni' > Mn '. 

Jones QX_ al. (1964) actually found jackbean urease to be inhibited 

2+ 2+ 2+ 2+ 2+ 
by Mn , Mg , Ca , Sr , and Ba , thus being opposite the xv̂ ork cited 

by Shaw. 

Bacterial Urease 

The properties and characteristics of bacterial urease may vary 

greatly due to environmental and specie differences. Urease activity 

differences due to environment are supported by the findings of Yall 

and Green (1952). Their work showed that the susceptibility of Staphy-

lococcus aureus to inhibition by sulfhydryl reagents varied with the 

conditions under which the organism was grown. This suggests that 

statphylococcus aureus can produce urease with varying affinities for 

sulfhydryl inhibitors. Specie differences of bacterial urease were 

shown by Jones (1965). He showed a strikingly dissimilar effect exerted 

upon the various species of urease when exposed to various rations. 

This suggests that differences in constitution exist between the ureoly-

tic enz3mies produced by different organisms. 

Larson and Kallio (1953), studying urease extracted from Bacillus 

pasteurii, found it to be inactivated rapidly on standing, even during 

refrigeration. They found it to be inactivated by pH values lower than 



5.2, and in the presence of organic solvents except at low temperatures. 

Once inactivation had taken place, it was not possible to reactivate the 

enzyme by pH changes. 

When studying the effects of substrate concentration upon extracted 

urease, Larson and Kallio (1953) found that the affinity of the enzyme 

for urea appeared to be essentially the same at a pH of 5.7 and 6.7 but 

the affinity increased at a pH of 7.7. The latter value showed to be 

somewhat higher than corresponding values calculated with plant urease, 

Larson and Kallio (1954), studying the specificity of bacterial 

urease, found it to be as absolute as jackbean urease. Using urea 

nitrate, semicarbamide, thio urea, biurea, biuret, phenylurea, and tert-

amylurea, they reported only one compound, urea nitrate, which was 

spontaneously hydrolyzed to urea when attacked by urease. 

Clifford et̂  al. 1968, worked with sheep to determine the effects 

of several urease inhibitors on the growth and metabolism of their lambs 

fed urea-containing diets. This team of workers found that the addition 

of 15 ppm of copper improved gains and feed efficiency in one trial, 

but had no effect in the other. They also found that neither barbituric 

acid nor the nitrates affected sheep performance in either trial. How

ever, urease inhibitors promoted higher ruminal pH values when compared 

with the control group and from this the author postulates, that the 

higher runinal pH values found when the inhibitors were fed were caused 

by a decreased hydrolysis of the carbohydrate components of the diet 

resulting in decreased ruminal volatile fatty acid production. Annison 

and Lewis, (1959). 

Pearson and Smith (1943), working with the intact cells from strained 



rumen ingesta, studied differences in urease activity due to temperature, 

pH and concentration of urea. Their work indicated that urea conversion 

was insignificant at 4°C., but that activity increased with increasing 

temperatures and reached a maximum at 49*̂ 0. Thereafter, activity steadily 

decreased to almost complete inactivity at 79''C. 

When studying the effect of pH upon rumen bacterial urease, Pearson 

and Smith (1943) found that the optimum pH for maximum activity was be

tween 7 and 8, with little activity below a pH of 3 and above a pH of 

9.5. These workers also increased the concentration of urea nitrogen 

in the rumen liquor from 30.8 milligrams nitrogen per 100 grams liquor 

to 1,646 milligrams nitrogen per 100 grams of rumen liquor and found 

insignificant differences in urease activity. 

Concerning the effect of various rations on bacterial urease, 

Jones _^ j]^. (1964b) reported urease was stimulated in the presence of 

Mn , Mg , Cu , and Ba , but was inhibited in the presence of Na , 

K , and Co . These differences may best be summarized as follows: 

1. Optimum temperature 

Bacterial - 49°C, 

Jackbean - 20-25''C. 

2. Optimum pH 

Bacterial - 7-8, 

Jackbean - 6.7 to 8.6 depending upon buffer used, 

3. Substrate concentration 

Bacterial - insignificant differences shown when urea levels 

were varied, 

Jackbean - activity increased with increasing quantities of 
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urea, but high concentrations may decrease activity; also 

interrelated with pH and type of buffer, 

4. Cation effect 

+ + 2+ 
Bacterial - shown to be stimulated by Mn , Mg , Ca , and 

Ba , but inhibited by Na^"^, K"*", and Co'''. 

Jackbean - shown in some cases to be inhibited by Mn , Mg , 

2+ 2+ 
Ca , and Ba 

Urea and Mineral Relationships 

Numerous studies have shown an increase in urea nitrogen utilization 

when various minerals were supplemented in the livestock ration (Stangel 

£t al., 1963). 

In a feeding study by Furr £t_ al. (1968), ninety-six crossbred steers 

were randomly allotted to three treatment groups. Each ration consisted 

of three different mineral supplementation levels. Using several litera

ture sources, they postulated the optimum level of trace minerals needed 

for a fattening ration and then supplemented their rations to contain 

high, medium, and low levels of trace minerals, as compared to the postu

lated optimum. The trace minerals were supplemented from the following 

sources: calcium carbonate, magnesium oxide, potassium sulfate, elemental 

sulfur and sulfate, copper carbonate, iron carbonate, manganese oxide, 

calcium iodate and zinc oxide. When the results of the feeding trial 

were obtained, both gain and efficiency of feed utilization were slightly 

better in the rations which contained the medium and high levels of trace 

minerals, as compared to the low level of trace minerals. However, the 

observed differences were not statistically different. Marbling scores were 

significantly (P<.05) greater for the cattle receiving the medium and 



high trace mineral levels over the low levels. Carcass grades favored 

the high level over the low level of trace minerals (P<.05). These 

data would suggest that in high grain sorghum rations supplemented with 

urea, mineral supplementation and balance would appear to warrant special 

attention. 

Chalupa (1968) has stated that rumen microorganisms are known to 

require a variety of minerals for growth and metabolism. With high urea 

rations, special attention needs to be given to supplying adequate levels 

of calcium, phosphorus, sulfur, cobalt, and zinc. Part of the increased 

animal efficiency observed by Furr £t £]^. (1968), might be explained 

by the findings of Jones et̂  _al. (1964) , who reported that some minerals 

may actually inhibit urease activity, thus slowing down urea hydrolysis 

and increasing nitrogen utilization. 

Stimulation and Inhibition of Bacterial Urease by Cations 

Jones QX_ aX_, (1964a) studied the effect of some inorganic ions on 

urease activity of the mixed microbial fraction of strained ovine rumen 

fluid and demonstrated that the urease produced by rumen bacteria is a 

metal-activated, intracellular enzyme. The urease activity of whole 

2+ 2+ 2+ 2+ 
washed cells was stimulated in the presence of Mn , Mg , Ca , Sr , 

2+ 
or Ba , maximum s t i m u l a t i o n be ing ach ieved when the c o n c e n t r a t i o n of 

Mg , Ca , Sr , and Ba was 1.2 X 10 molar and t h a t of Mn was 0 . 8 

0-4- OJ- O I, 

X 10 molar. In addition, Zn , Cu , and Fe inhibited urease activity 

in all concentrations tested. 

Jones et ̂ . (1964a) also found that when inorganic ions were added 

to suspensions of washed microorganisms, there were time lags before the 
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ions exerted their stimulating or inhibiting effects upon urea hydrolysis. 

In the case of the stimulating ions, they reported that the shortest 

2+ 
lag occurred with Mn , the ion producing the greatest stimulation, 

2+ 
and the longest lag occurred with Sr . They further noted a similar 

effect with the inhibitory ions; the shortest lag occurring with the 

ion producing the greatest inhibition. Once the stimulation or in

hibition of urease activity by an ion had begun, however, the reaction 

proceeded at a constant rate which was characteristic of the ion involved. 

Jones et_ jl. (1964a) concluded from this information, that the time lags 

observed before the initiation of stimulation or inhibition were attri

butable to the time taken for the ions to cross the cell membrane and 

reach an effective concentration at the site of the intracellular enzyme. 

Methods of Estimation of Urease Activity 

Many methods for measuring and estimating urease activity have been 

developed, but the most common one is that used by Huhtanen and Gall 

(1955). In this method, the hydrolysis of urea is carried out in con

ventional Warburg vessels under an atmosphere of CO- which is in equilib

rium with CO- in the aqueous phase. Urea is hydrolyzed by urease to NH^ 

and C0«, two moles of NH being released for every mole of C0_ absorbed 

from the atmosphere and the volume of CO- absorbed is proportional to 

the amount of urea hydrolyzed. 

Another method for determining urease activity was developed by 

Howell et_ al. (1943) . Urease activity is determined by adding 1 cc of 

diluted urease to 7 cc. of urea-buffer contained in a large test tube and 

kept at 20*0 in a thermostatic bath. The digestion is allowed to 
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proceed for one minute and then stopped by the addition of 3 cc. of 

hydrochloric acid. The ammonia formed is then determined by aeration 

and titration. 

y 



CHAPTER III 

EXPERIMENTAL PROCEDURE 

Fourteen crossbred (Angus X Hereford) yearling steers and heifers 

were allotted by weight into two groups of seven each. 

Group number one received an all-concentrate ration consisting 

of 95.8 percent grain sorghum and 4.2 percent premix. The premix was 

formulated to contain chlortetracycline, vitamin A, diethylstilbestrol, 

calcium, phosporus, salt, and urea. The urea concentration for the 

mixed ration was 1.11%. (Table 1). 

TABLE I 

RATION COMPOSITION (AIR-DRY BASIS, POUNDS) 

Item All-Concentrate Roughage 

Sorghum, milo, dry-rolled 1916 1649 

Cottonseed hulls 0 300 

Premix 84 51 

Total 2,000 2,000 

Group number two received a part-roughage, fattening ration con

sisting of 82.45 percent grain sorghum, 15 percent cottonseed hulls, 

and 2.55 percent premix. The premix was formulated to contain the 

same ingredients as those in the all-concentrate diet (Table 2). 

The cattle were received into the Texas Technological College 

12 
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F e e d l o t on A p r i l 2 , 1968. The r a t i o n s were then p laced b e f o r e t he 

an imals a c c o r d i n g t o the p rocedure o u t l i n e d by Albin and Durham (1967) . 

The r a t i o n s were hand- fed a t t h e r a t e of 1.50 p e r c e n t of the c a t t i e s ' 

body w e i g h t , a t each of two feed ings (morning and noon) on the f i r s t 

day . This was then i n c r e a s e d a t t h e r a t e of one pound each day fo r 

app rox ima te ly f i v e d a y s , and a t t h i s time 1,000 pound c a p a c i t y s e l f -

f e e d e r s were p l a c e d i n the p e n s . Water was s u p p l i e d ad l i b i d u m . 

TABLE 2 

PPEMIX COMPOSITION (POUNDS) 

Item A l l - C o n c e n t r a t e Roughage 

Urea (45%N) 929.00 1,209.00 

C h l o r t e t r a c y c l i n e (50 gra / lb . ) 5.60 4.50 

Vitamin A (30,000 lU/gm) 14.70 11.80 

D i e t h y l s t i l b e s t r o l (2 gm/ lb . ) 20.0// 16.00 

Calcium c a r b o n a t e 530.// 438.10 

Polyphos 100.// 0 

Sodium c h l o r i d e 400.70 320.60 

T o t a l 2 ,000 .00 2 ,000 .00 

S e l f - f e e d e r s were used in t h i s expe r imen t , booing t h a t v a r i a t i o n 

due t o b a c t e r i a l changes between feed ings might be e l i m i n a t e d . The 

work of Putnam (1967) showed t h a t the major feeding i n t e r v a l for s e l f -

fed c a t t l e r e c e i v i n g an a l l - c o n c e n t r a t e r a t i o n was from 3 to 6 p.m. 

and t h a t 72 p e r c e n t of t h e t ime a t the f e e d e r s occu r r ed between 6 a.m. 

and p . m . ; t he c a t t l e went to t h e f eede r s numerous t imes th roughout t h i s 

p e r i o d . Judging from t h i s , the rumen b a c t e r i a l count should remain 
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fairly constant when cattle are fed in this manner. 

A forty-five day adjustment period was allowed for the cattle and 

rumen environment to adjust to the rations before rumen samples were 

obtained. Following the adjustment period, approximately 100 ml. 

samples of rumen ingesta were obtained from each animal by using the 

suction strainer technique described by Raun e^ al. (1962). All samples 

from the same treatment group were deposited into one flask and put in 

a thermos and maintained at a temperature of 39°C. The rumen samples' 

were then taken to the laboratory and pH values were determined from 

the fresh sample. The usual rumen sampling time was 6:30 a.m., however, 

toward the end of the trial, due to lack of help at 6:30 a.m. and the 

difficulty encountered in handling the Cattle, samples were obtained 

three times per week and 200 ml. of rumen ingesta were deposited into 

a plastic bag and quick frozen with liquid nitrogen at -210*0 (Stanier 

et al. (1963). The frozen samples were used in the second replication 

for some of the minerals studied. 

Approximately 200 ml. of fresh rumen ingesta were transferred to 

twelve centrifuge tubes and centrifuged at 550 X g for five minutes. 

The supernatant liquid was decanted and placed into twelve centrifuge 

tubes. The sediment, containing large particles of ingested food 

material was discarded. 

The decanted supernatant liquid was centrifuged at 3,300 X g. for 

a period of thirty minutes. The clear rumen supernatant liquid obtained 

was decanted and the sediment was resuspended in a 0.26 M phosphate 

buffer (pH 5.5). The suspension was centrifuged again for thirty 

minutes at 3,300 x g and the supernatant decanted. The sediment, which 

was comprised of the microbial fraction of the rumen ingesta, was then 
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resuspended in the buffer media. All sediment was transferred into a 

calibrated cylinder and one ml. of the resuspended cells was transferred 

into a weighed dry oven cup. The cells were dried for approximately 

twenty minutes at a temperature of 90°C. The dried cells were weighed 

and the weight of the empty cup subtracted. This value represented 

the dry weight of the cells, in mg/ml, which was used to determine 

the concentration of cells to use for urease activity determination. 

The resuspended cells were diluted to contain 30 mg/ml (Dane, 1968). 

One hundred and twenty-five ml. of 20 mM solutions were prepared 

from the following minerals: Mgo, MgSO,, CoSo,-7H^0, FeSo,-7H^0, ZnSo^-

4 4 2 4 2 2 

7H2O, CUSO2-5H2O, MnSo , MnO, ZnO, CuO, FeO and CoCO . These minerals 

were put i n t o so lu t ions with the 5.5 phosphate buffer or d i s t i l l e d 

water with added buf fe r , depending upon the s o l u b i l i t y p rope r t i e s of 

the i nd iv idua l m i n e r a l s . 

From the 20 mM so lu t ion of an ind iv idua l minera l , the 5 and lOmM 

so lu t i ons were prepared by d i l u t i o n . Ten ml. of the 20mM so lu t ion 

were placed in a tube and a 10 ml. of buffer or d i s t i l l e d water were 

added to y i e l d the lOmM l e v e l . Five ml. of the ten mM so lu t ion was 

t r ans fe r r ed to another tube and f ive ml of buffer or d i s t i l l e d water 

was added to obta in the 5mM l e v e l . The 0 mM so lu t ion was made from 

5 ml. of the 5.5 phosphate bu f f e r . 

To 5 ml. of each of the prepared mineral l e v e l s , 10 mg. of urea 

were added to y i e l d a 0.03 M urea s o l u t i o n . 

The es t imat ion of urease a c t i v i t y of each of the various mineral 

so lu t i ons was es t imated by a v a r i a t i o n of the manometric method des

cr ibed by Huhtanen and Gall (1955) . 
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One ml. of each of the different levels, 0, 5, 10, and 20 mM 

mineral-urea solutions, were transferred to the side arm of a conventional 

Warburg flask. Two ml. of the 30 gm/ml standardized rumen ingesta were 

transferred to the main compartment of each vessel. An endogenous flask 

containing 2 ml. of the suspended cells and 1 ml. of 5.5 buffer was in

cluded for each determination. This was to account for the normal gas 

production of the bacteria. Also included for each determination, was 

a thermobarometer flask containing only 3 ml. of distilled water. This 

was used to correct for any change in room pressure or changes in the 

temperature of the water bath. 

The Warburg vessels were then placed on the Warburg apparatus and 

maintained in a water bath at 39.5C. The vessels were gassed with 100 

percent C0_ for a period of ten minutes; this was followed by a ten 

minute temperature equilibration period. At the end of the equili

bration period, the zero time reading was taken and then the mineral-

urea solution was introduced from the side arm and the readings started. 

The readings were taken every ten minutes for the first twenty minutes 

and then every twenty minutes for the next one hundred minutes. At 

the end of two hours, the vessels were removed as quickly as possible 

and deposited into one flask and the pH determined. All calculations 

were made using the final pH reading. 

Urease activity was measured as C0_ production. One mole of CO 

was produced for each mole of urea hydrolyzed (Umbreit ̂  al., 1964; 

Anderson, 1968). Urease activity was expressed as micromoles of urea 

hydrolyzed per ml. of cell suspension per hour. 

The measurements of mineral effects upon rumen urease activity for 

each treatment, roughage and all-concentrate, were replicated with the 
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mineral level subtreatments recorded in triplicate for each replication. 

After 109 days of feeding, all the necessary rumen ingesta was 

obtained from the cattle on the treatment groups, final weights were 

recorded, and the cattle were slaughtered at a local packing plant. 

Carcass data were obtained after a 24-hour chill. 

The data for all trials were analyzed by analysis of variance 

according to the procedures outlined by Steel and Torrie (1960). 



CHAPTER IV 

RESULTS AND DISCUSSION 

Of the original mineral carriers planned for use in the study, only 

data from the sulfate carrier was obtained. Extreme solubility problems 

were encountered with MnO, ZnO, CuO, FeO, and CoCO . These minerals were 

obtained from a local feed ingredient plant and the molecular formula 

was not available; therefore, their solubility properties were not 

known. None of the oxides would go into solution in either the 5,5 pH 

phosphate buffer or distilled water. Numerous solvents were used such 

as HCl, H SO,, NH.Cl, alcohol, and NaOH, but results were not successful. 

It was possible however, to get CoCO-, ZnO, CuO, and FeO into a partial 

solution, but only at a pH below 3. The MnO available for the study 

would not go into solution. Since solubility problems were encountered 

with the oxides, a question might be posed as to the availability of 

minerals to the ruminant in the oxide form. 

The freezing technique was useful in preserving the rumen ingesta, 

and no appreciable differences could be noted as to the effect freezing 

had upon urease activity. A method was devised in the laboratory to 

check for viable bacteria from the frozen samples. A frozen sample was 

centrifuged at 550 x g for five minutes and twenty ml. were decanted 

and sterilized. The remaining sample was centrifuged following the pro

cedure described earlier, and 1 ml. of the resuspended cells was de

canted into a petri dish. Nutrient broth and agar were added to the 

18 
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sterile sample. When it had cooled to 39°C, it was poured over the 

sample which had been frozen. This same procedure was used with fresh 

rumen ingesta, and no differences in bacterial growth were noted. 

Freezing rumen ingesta is further supported by Stanier eit ail. (1963), who 

point out that most bacteria can survive at temperatures far below the 

minimal temperature for growth. If a suspension of bacterial cells is 

frozen rapidly, it can be kept at temperatures as low as -194*0. for long 

periods of time with only a small loss in viability. The frozen cells 

survive more or less indefinitely in a state of suspended animation, 

since at these very low temperatures, no metabolic reactions occur. 

However, freezing does generally kill some of the bacteria immediately, 

due to the formation of ice crystals within the cell which mechanically 

disrupts their cellular structure. If the bacteria are frozen very 

rapidly, there is no appreciable formation of ice crystals, and their 

survival is far greater than if frozen slowly. 

All calculations of urease activity were made following the pro

cedure explained by Anderson (1968) because a DH of between 5.5 and 6.0 

was employed. This procedure differs from that used by Huhtanen and 

Gall (1955). At a pH of 6.2 or below, there is no appreciable amount 

of bicarbonate or carbonate ion in existence; hence, any CO- released 

from the cells will escape to the atmosphere. Therefore, the urease 

activity showed up as CO^ evolved during the hydrolysis of urea, and 

a 1:1 ratio was assumed; one mole of CO- was produced for each mole of 

urea hydrolyzed. The calculations were then made from the following 

equation: 
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(Manometric change in mm.) X (Flask Constant in yl/mm.) = ylCo produced 

y 1 CO, produced 
'TTx—7—^rr^. = moles C0„ 
22.4 yl/y mole 2 

y moles CO^ . , 
2 ^ ~ micromoles urea hydrolyzed per ml. of cell suspension 

Urease activity of the various treatments and subtreatments were 

compared at the 60 and 120 minute readings. The analysis of variance 

tables are shown in appendix tables 1 and 2. 

When rumen ureolytic activity of cattle fed the all-concentrate and 

part-roughage diets were compared (Table 3), treatment differences 

(effect of rations) were not significant. The limiting factor here, 

was probably the pH. There was no difference in the pH value of either 

ration, so the same buffer was employed with both treatments. This dif

fers from the work of Clifford et^ al^. (1968) , who had an increase in pH 

from 5.92 to 6.34, when the cotton-seed hulls were increased from 10% 

to 70%. Had pH values differed, a different buffer would have been 

used and ureolytic activity may have reacted differently. It was ini

tially assumed that the part-roughage ration would effect a higher rumen 

pH than the all-concentrate ration. 

TABLE 3 

MEAN DIFFERENCES BETWEEN RUMEN UREASE ACTIVITY OF THE ALL-CONCENTRATE 

AND PART-ROUGHAGE RATIONS 

Rumen Urease Activity 

Reaction Time 

Rations 60 Minutes 120 Minutes 

All-concentrate 8.56 9.07 

Part-roughage 7.58 8.88 

"Micromoles urea hydrolyzed per ml. of suspension per hour. 
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Tab le 4 i l l u s t r a t e s the mean d i f f e r e n c e s i n ruminal u r e a s e a c t i v i t y 

among t h e d i f f e r e n t m i n e r a l s used i n t h i s s t u d y . 

TABLE 4 

EFFECT OF MINERALS UPON RU!4INAL UREASE ACTIVITY 

Rumen Urease A c t i v i t y 

M i n e r a l 6o Minutes^ 120 Minutes*^ 

Cu 4.12 4.50 

Zn 7.80 8.63 

Co 8.45 9.50 

Mn 10.15 10.94 

Mn 9.01 11.31 

MgO 7 . 2 3 1 1 . 3 1 

MgSO, 9.73 11.31 

Micromoles urea hydrolyzed per ml. of suspension per hour. 

^Cu<Fe (a P<.05 
Cu<Fe @ P<.05 
Cu<Co (a P<.001 
Cu<Mn and MgSO (? P<.01 
Cu<MgO (a P<.10 
Co<MgO (3 P<.10 

^Cu<Zn (a P<.05 
Cu<Fe @ P<.01 
Cu<Co and Mn 0 P<,001 

As shown in Table 2, copper was the only mineral that significantly 

altered urease act ivi ty. Figure 1 shows a comparison of copper sulfate 

to the zero mineral level. Although none of the other compounds were 

significantly different, some definite trends were shown as i l lustrated 

in Figure 2. Some of the cations exhibited no stimulation or inhibition 

which could have been due to the fact that only the sulfate carriers were 
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Figure 1.-Effect nf 

' °f copper upon ruminal u 

^° 90 100 110 120 
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Figure 2.—The effect of cations upon ruminal urease. 
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studied. The sulfate ion could have had some effect upon urease activity 

by masking the effect produced by the heavy metal ion in question. 

As shown in Figure 2, MgSO stimulated ruminal ureolytic activity 

when compared to the control vessel, but it was not statistically dif

ferent, this would agree with the work of Jones et_ al, (1964). MnSO, 

and MgO both showed gas production to be approximately the same as the 

control vessel at the end of 120 minutes, but at the sixty minute reading, 

the control appeared to level off with only an increase of 80y liters of 

CO- produced from 60 to the 120 minute reading. Both MnSO, and MgO had 

an increase of approximately 220y liters of CO produced which indicated 

an increase in rumen ureolytic activity, which is supported by the work 

of Jones et̂  a\^. (1964) . 

Both FeSO, and ZnSO, exhibited a large period of approximately fifty 

minutes before their inhibition of urease activity was observed. CuSO, 

on the other hand, inhibited activity from the zero time. 

The subtreatments studied (different levels of each mineral) are 

shown in Table 5, 

Although the cattle feedlot and carcass data were not included 

as one of the objectives of the study, the results are shown in Table 

6. The cattle were fed 116 days. Initial weights were taken after 

working the cattle and before too much fill had been recovered. One 

steer was placed on test at a later date and a three percent arithmetic 

shrink was made to account for fill. The final feedlot weights minus 

a four percent arithmetic shrink were used in determining average daily 

gains. There were no statistically significant differences in feedlot 

performance. Dressing percentage favored the all-concentrate treatment 
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(P<.01) over the part-roughage treatment. There were no statistical 

differences among the other carcass characteristics. 

TABLE 5 

EFFECT OF MINERAL LEVELS UPON RUl̂ lINAL UREASE ACTIVITY 

Urease Activity 

Levels 60 Minutes 120 Minutes^ 

0 9.39 11,39 

5 9,28 10,74 

10 6.38 6.08 

20 7,22 7,69 

Micromoles u r ea hyd ro lyzed per ml . of su spens ion per h o u r , 

^0>5>10 (a P< ,01 
0>20 (a P<.05 
5>20 (a P<.10 

^0 & 5>10 @ P<.001 
0>20 @ P< .01 
5>20 (a P<.02 
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TABLE 6 

MEAN ANIMAL PERFORMANCE AND CARCASS CHARACTERISTICS OF THE TEST ANIMALS 

Ration 

All- Part- Significant 
Item Concentrate Roughage Difference 

734 

061 

2 .81 

23.30 

8.29 

700 

1039 ^ 

2 .94 

27.44 

9 .33 

No. of animals 

Animal response, live weight 
basis, pound 

Initial weight 

b 
Final weight 

Daily gain 2.81 2.94 n.s. 

Daily feed intake 

Feed/pound gain 

Carcass data 

c 
Dressing percent 

Fat over rib eye, cm, 

d 

U,S.D,A. marbling score 

U.S.D.A. grade 

Maturity 

Conformation 

No. of condemned livers 

63.16 

1.79 

10.85 

9 .4 

A 

10 .4 

2 

60 .31 

1.59 

9.00 

9.0 

A 

10.0 

0 

P<.01 

n . s . 

n . s . 

n . s . 

n , s . 

n . s . 

Shrunk weight. 

Final weights minus four percent. 

^Two percent shrink of warm carcass weights. 

Small- = 9, Small = 10, Small+ = 11. 

^Good+ = 9, Choice- = 10. 

Choice- = 10, Choice = 11. 



CHAPTER V 

SUMMARY 

Fourteen crossbred steers were allotted by weight into two groups 

of seven each, to receive an all-concentrate ration and part-roughage 

ration. Rumen ureolytic activity was compared between these two rations, 

Seven heavy metal ions (MgO, MnSO , MgSO , FeSO , CuSO , ZnSO,, and 

CoSO^) were used at three different levels to determine their effect 

upon rumen bacterial urease activity of cattle on the two experimental 

rations. 

Differences in ureolytic activity were not significant between 

steers fed the all-concentrate diet versus the part-roughage fed cattle. 

Significant differences (P<.05) were only noted for Cu which 

effected a lower ureolytic activity than the other cations. Co stimu

lated (P<.10) urease activity at the 60 minute reading, but no sig

nificant difference was noted at the 120 minute reading. 

Significant differences (P<.05) were observed among different 

levels of minerals which showed increasing ureolytic activity with 

decreasing levels of minerals. 

The only significant difference in animal performance and carcass 

characteristics was dressing percentage, (P<.01), favoring the all-

concentrate treatment over the part-roughage treatment. 
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TABLE 1 

ANALYSIS OF VARIANCE FROM 60 MINUTE READINGS 

SV 

Total 

Rations (R) 

Minerals (M) 

R X M 

Levels (1) 

R X L 

M X L 

Reps/R X MXL 

df 

335 

18 

298 

MS F Significant Difference 

1 

6 

6 

3 

3 

81 .253 

195.628 

26 .088 

190.432 

12.615 

3 .11 

2 .92 

<1.0 

4 . 0 1 

a.oi 

ns 

(P<.05) 

ns 

(P<.05) 

ns 

67.054 40 .08 

1.673 

(P<.005) 

TABLE 2 

ANALYSIS OF VARIANCE FROM 120 MINUTE READINGS 

SV df MS Significant Difference 

T o t a l 

Ra t i ons (R) 

M i n e r a l s (M) 

R X M 

Leve l s (L) 

R X L 

M X L 

R X M X L 

Reps / R X M X L 

239 

1 

4 

4 

3 

3 

12 

12 

200 

2.185 

357.019 

36.013 

379 .361 

28.199 

:1.0 

4.42 

:1.0 

8.50 

:1.0 

44.647 <1.0 

80.724 71.75 

ns 

(P<.05) 

ns 

(P<.005) 

ns 

ns 

(P<.005) 

1.125 




