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A BSTHÁC'l' 

Pinedl! Morales, Jl!ime Edul!rdo, Ph.D. Purdue Univereity, 
January 1971. Urea and YUCCa (Manihot ~eculenta) for uairy 
Gattle in Colombia. Major Profeseor: uro C. H. Noller. 

Two experimente wereconducted in Colombia, South 

America: 1) to determine the effecte of urea on production 

and reproductive performance of dairy oows whan inaorpora-

ted, as a source of protein, in the concentra te aixture; 

and 2) to evaluate the Bubstitution of yucca (Manihot 

Esculenta) for corn as a source of energy for growlng dairy 

heifers. 

On the urea experiment, twenty-four IIolstein dairy 

C01l'S 1I'ere a.ssigned a t randolll to three trea tments; 1) con-

trol, Il) }} percent of tlle supplementary protein from urea, 

and 111) 66 percent of the Bupplementary protein from urea. 

Corn ailage was fed as the sole forage. The experiment was 

initiated about one lIIonth prepartum and continuad through 

one lactation to ¡I.¡.O days into the second lactation. 

Statiatically eignificant differences (p¿.05) were 

found in overall concentrate intake during the firlilt }05-

day lactation period between the control and the experimen­

tal groups. Differences in intake were not significant 

durin~ the second lactation periodo Concentrate intakas 

were 1869.4, 1548.5 and 1619.4 k¡¡;, raap8ctively, for cows in 



• 

• 

• 

¡roupa 1, II and III durin¡ the first lactation periodo 

Inta.kes. of urea averaged O, lla and 216 ¡. for co"s in the 

respective 3 groups. 

x 

Milk yields were 5457.9, 4915.9 and 5120.7 kg, resp6C­

tively, for cows in groups 1, 11 and III durin¡ the first 

305-day lactation. Highly significant differences (P~.OI) 

in percent milk fat were founa between the groups during 

both lactations. Average milk fat percentages were 3. 45, 

3.54 and 3.74 for the first lactation and 3.44, 3.61 and 

3.70 for the second lactation for /¡roups 1, 11 and IlI, re­

spectively. No significant differences were founa in fat­

corrected milk produced. 

oStatistically significant differenoes between groups 

were found in blood serum levels of Ca, P, K and urea, par­

ticularly, immediately after parturition. Animals in the 

high urea group (Group 111) consistently had the lowest 

levels of Ca, P and K, and the hillhest level!! of blood urea 

nitrogen (BUN). BUN increased as dietary levels of urea in­

creased. No significant differences were fOund in blood 

serum Mg. 

Number of services requirerl. per conception were 1.50, 

2.75 and 3.66 for the first period and 1.57, 2.71 and 2.25 

for the second period, for groups 1, 11 and 111, resp6c­

t1vely. In group 1, one cow aborted, was rebred and had a 

normal second parturition on experimento AIl aniMals in 

this group conce1ved after tha second parturltion on experi-

mento 
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In group II, one cow aborted, 7 oalTed a seoond time and 

all 7 were dia¡nosed pregnant after the second parturition 

on experimento In group 111, 2 cows aborted, 2 did not con­

ceiTe after 5 and 6 inseminations, respectively, and 1 cow 

died at time of second lmrturition. Only 3 cows ente red a 

second lactation. The 3 mentioned cows anrl one of the ani­

male that aborted were diagnoeed pregnant a second time. 

On the energy experiB1ent, 20 eight-month-01d Ho1etein 

heifers were aesigned at random to two treatments: Group 

1, corn grain as the main supplementary energy souree; and 

group 11, yucca (Manihot ~culenta), substituted for corn 

on a dry matter basis. Sugar eane tops "ere used as the 

sole forage in both groupa • 

Statistical1y significant differences (P4.05) were 

found in body weight ,~ains in favor of the yucca-fed heilere 

between 8and 16 months of age (224 daya). Average dailr 

weight gaine "ere .781 and .833 kg, respeetively, for groupa 

1 ami JI. Feed intakes, on a dry matter basis, were similar 

in both groupB. 

Average a~e for the first breeding wae 15 and 14.5 

months and average aerviceB per eanceptian were 1.88 and 

1.77 far graupa 1 and 11, respective1y . 
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INTtWDUC'rION 

Of the natural conditions limiting intensification of 

liveetock production in Colombia, rainfall and temperature 

are the principal factore; rainfall fl uctua tions cause 

either a lack or abundance of pastures. 

1 

Depending unon the interaction hetween climate and 

soil, both quantitative and qualitative nutritional problems 

arise on the natural nastures. In arid re'~ions, the vec:eta­

tion cover, though acceptable in feecl vaine, is too srmrsc 

to nermit a high productivity. On the other hand, in the 

more fertile regions, the markerl variations betwecn dry and 

rainy soasan conditions ¡,:ive rise to equally shar[l seasonal 

fluctuatioTls in the amount and nutritive value of the pas­

tures. Temperature per ~ also limite the extension of 

livestock production. The tropical, and even subtropical 

conditions prevailing over vast areas of the country, pro­

mote the degeneration of unadapted types of livestock and an 

increased incidence of disease. These, in bríef, constitute 

sorne of the major limitations which confront the animal in­

dustry of Colombia. Of cOl.lrse, various l)reeds ami tynes of 

livestock which have evolved are reasonably productive and 

economical wi thin the g i ven I imi ts of their respective llab­

itats. Besides, there exists an appreciable [)opulation of 
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nurebred nairy animals which, if properly managed and bred, 

nerform very efficiently. 

2 

Even though a high negree of progress has béen achieved, 

attempts in the past were too frequently directed toward ab­

solute '~"enetic improvement wi tllout consideration of the l)re­

vai 1 in.'! environment. The most fundamental cause for tlle 

failure with which oreeders meet in their attempts to im­

prove their animale with imported stock is, therefore, the 

lack of understa.ncling of the conditions under which tlle 

exotic brecds evolved, not only from the view of ecological 

environment but also from that of nutrition and mana"ement. 

lJesides, the low overall prodllctivity of indigenous types 

of livestock has been adscribed to the inferiority of their 

genetic make-up, while the scantiness of híghly nutritive 

food and reasonanle management conditions, as comparcd with 

foreign standards, were up to recent times completely ignored. 

The first steps in the right directíon hAve come from 

the realization, through investL~ation, that mineral de­

ficiencies, phosphates in particular, occur in tl¡e natural 

pastures of vast areas. Thus, elear ly showin,~ tila t problems 

other than those of a genetic basia play tl1eir 118rt. 

iJuring the last two <leeades attention has been flirected 

mainly towards the discase aspect and, no doubt, witb remark­

able success. Tl1is has led not only to further territorial 

expansion of livestoek farming, but also to a reduction in 

losses due to disease. The combatin!l; of many enzootic ami 
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• epizootic diseases have become largely a matter of routine, 

and those wllo are making use of the ImOlfledge offered are de-

riving full benefit from it. 

'rile ca ttle industry in Colombia i s f inally realizing 

that apart from mineral deficiencies and the limitations set 

by disease, our pas.tures also lack certain other essential 

ingredients if an acceptable level of production ls to be 

achieved. Since the beneficia! influence of protein-rich 

supplements ls an accepted fact all over the world, the en-

ergies of research workers ln Colombia have been, in the 

past years, directed in that way. 

Uetailed investigations with humans and animats have re-

vealed that the protein problem is oí the utmost si!.!;nifi-

• canee in much of Colombia. lt has also become clc,ar that 

this deficiency is closely linked with shortages of total 

digestihle nutrients or, the energy problem. It is now 

realized that the nutri tional problem in cattle is extremely 

complex, and that it varies from one region to another de-

pending u1'on variations in the local climatic and soil con-

ditions. Sorne areas suffer from an acute lack of essential 

food ingredients durinr.: the dry season and experience an 

abunrlance during the early ra iny months, whi le others main-

tain a reasonahly high nutritional level throughout the year, 

From tllese observations it is clear thnt the nrescription of 

a national livestock nutrition policy is wholly impossible. 

• 
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The nature of supplementary feeds and also the extent 

to which it should be made available calls for a regional 

survey which will take into consideration the divergency of 

natural conditions nrevailing in Colombia. During dry 

perlods, or in low ralnfall re¡.(ions, for example, sun]1lemen­

tation should be based unon the utilization of certain ln­

dustry by-products such as suc~ar cane tOllS, cane baJ(gas0, 

cane m01asses, urea, etc., and of indigenous erops like 

yucca (.\lanihot utilissima), nlantains, etc. which should be 

seriollsly considered as alternatives for regular forages, 

at least, to be used in periods of nutritional scarcity for 

livestock; while in tlle more humid areas, fodder crops, 

silages and harvest surpluses are to be stored for periods 

of nutritional depression. 

The last limitation in the way of 1ivestock improvement 

is the climutoloc:ica.l one. Although there ie an awareness 

of the nutritional pro1:Jlema and there are resourcea to com­

bat the disease fa.ctor aucceasfully, the control of the cli­

matic factora remaina beyond our meana. llowever, durin:; 

recent yeara the investigatione of numerous research workera 

have ahown that even thougl1 a decline in the vigour and ,;;rowth 

of unadapted types of livestock is a result of adverse c1i­

matic conditiona, most of the poor performance of the ani­

mals under tropical conditions ls due to extremely poor prac­

tices of nutrition and management and, in fact, promising 

results have been obtained with purebrerl cattle as well as 
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with their crosses with native cattle when the required nu­

triente were r,rovided and improved ma.nagement practicas were 

ueed (lCA, 196R), 

'l'he need for a ~reater abundanee of animal producte ie 

of equal importance in ~olombia and rnoet other parts of the 

world. In short, tlle demand remaine uneatisfied, but the 

qneetion aleo evidently arises whether it can be eatisfíed. 

Lqually elear are the possibilities of increasing the 

preeellt outpllt by the applieation of existing knowledge and 

by further research on the basic problems already pointed 

out. The scope of such an understanding is therefore nrac­

tieally Imlimited, and only during recent years has the im­

nortance thereof begul1 to be fnlly annreciated, 

It ls generally aecented that tha growth rates of cat­

tIe, raised exclusívely on oastnre exhíbiting montllly vari­

ations in its feed value, wi11 also ahow a aeaaona1 trend, 

1'hese seasonal fluctuations whicll are particularly charac­

teristic of the general regíon (Cauea Hiver Valley) where 

the present experiment on enerv,y sources was conducted, are 

generally closeIy allied wíth t.lle distribution of the rain-, 

fall throughout the year. 

Durin'!, part of tlle year the grazing suffices for the 

growth requirements of the animals, while duríng the ex­

treme dry perious, when shorta!!;es prevail, growth not only 

oeases but a considerable 10ss in weÜ!;ht occurs (I~A, 1969). 

Instead of the norma.l ¡;rowth cycle, the whole process is 
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thus retarded, and since reproduction and ]:lroduction are 

essentially functions of growth, these disturbances upset 

the whole physiolo!!;Ícal balance. 

The experiment on energy presented here was desiJ;!:ned 

6 

to test the possibilities of using yucca as a source of 

concentrate energy and urea as a source of protein to l)e 

used as sup)1lements to cOlUlteract tt,e mCl1t i oneel feed sllort­

a"es. Tilia resea rcJl exnlores tlée 1,ossi bi 1 i t ies of provid in¡, 

the cattlemen with alternatives to tlleir conmlon "ractices of 

managernent and nutri t ion of lact.a t. inC': cows ami. of growinlS 

dairy heifers by usinc; non-protein sourcos of nit.ro:ren, such 

as urea, ami making full use of nat i ve sourcca of cnerg;y in 

replacement of the traditional cereal grains, and managinl!, 

of the ¡;rowing heifers for acceptarlle rates of growth and 

early sexual mat.urity. 
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INTHOjJUCT ION 

'lesni te widespread use of modera,te a,mOlmts of urea in 

dairy concentrates, many dairymen and some nutritionists be­

lieve that high producin!!: cows v/ill not lJerform satisfac­

torily when fed urea-bearing concentrate mixtures. 

Certainly, the concentration of urea in dairy ra,tions, 

the level of feedin!:'" a,mI the nature of feedin<; practices 

have an effect on the extant to which urea can repIaes plant 

protein niirogen for the dairy cow . 

Chalupa (l96R) in a recent review, sUlllll1arized the basic 

nroblems in feeding urea to ruminant.s. lleporta of COlovos, 

1967; ¡¡ol ter, 1968; ,iUpe!, 1943; and Van Horn et !!:l., 1967; 

have dealt, at lsast in part, with the effect of urea on 

milk nroduction. Altl1ou,;:h much has been learnad about the 

utilization of urea snd its effect on feed intake, very 

limi ted inforrnation is a,vailallle in the scientific 11 tera­

ture regarding the effeet of different levals of supplemen­

tal urea on milk yield, l¡lood mineraIs, and reproductiva 

performance of lactating cows. 

Many experiments have been of rather short duration 

(Colovos, 1964; lIolter et. !!:l., 1960; Van Horn !.! !!:l., 1967) 

and llave not. considered blood mineral measurement.s or 
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reprodtlCti ve l1erformanoe. In sorne otl'er cases (Va,n lIorn 

et al., 1967; Euber et al., 1967) the effect of ueing urea -- -- -- --
to renlace plant protein ni tror~en in the concentra,te apn¡¡,r­

ently bas 11een masked by wide variatione in the number and 

nro flort i on8 of ener¡cy -11ear in,¡; iné;recl iente in ttJe concentra te 

mixtures. 

,:,-,onomic a.dva,ntar:e i8 the main justification for in-

cllldino: urea in dairy conccl1t1'ate mixtures. A savim~ ie 

generally realizcd 0111y to the extent that urea nitrogen re-

pI sce s expensiva oilmeal ni trogen. \f11en mec\ium protein 

cereal grain hy-products comrrise a major portion of a, COl1-

centrate mixture containin,;; 16 to 20 percent crude ,'rotein, 

the economio advanta!!e of ueín9,' .1Irea cssential1;)' di"arlllears . 

1l0weve1', whcn Ir ¡d ¡,:}) ener¡,:y oOl1centrate ls desired, IU' is 

freqnel1tly t)¡e case ir) lOed i um to hirrh producinc; ¡.erds fed 

medium to 10IV quality foracee, the opportunity to substitute 

urea for oilmoa1 nit1'o"en is "enerally n'axirr,a,l. ,\t the same 

time the incidence ami severi ty of concentra te refusal rnay l'e 

increased hecause of either too much IITea or too limited a 

variety of energy-type ingredients. This nroblem llas been 

<liscl1ssed 1,y lioiter tl al. (l96H). 

1'he objective of tl11s work was to determine t1le short 

and long-range effects of subatitutin,;; urea for llatural ni­

trogen aources in the concentrate on milk production, feed 

intake, milk fat, blood mineral levele and reproductive per-

formance of medium to hig;h 11roducing claíry cowa in Colombia., 

South Ameríca. 
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HEVI E;W úF LITERATUHE 

General 

~lany stnnies have been conducted since 1891, when 

Germa.n worr{ers (Ztmtz, 1391) realized that non-'1rotein ni­

tro!';en could be incorporated into microbia.1 l'rotein by tlle 

rumen microor¡,;anisms, to determine tite amount of non-protein 

nitro!l;cn which may Le included in dieta for domestic rumí­

nanta. 

It has heen suggested that when ruminants are being fed 

for maintenance on1y ami a considerable T'ortion of the ener­

fY of the ration comes from corn, or an equivalent energy 

source, urea may be used effectí ve ly to make ur a ni tro!~en 

deficiency. (Albert, 1955; BrO\In and Jacobson, 1966; Colovos 

et al., 196J; Harris et ~ .• 1940). llowever. there seems to 

lJe a de'1ression of utilization of dietary nitrogen when a11 

of the 8upnlemental nitrogen comes from urea, or other non­

protein ni trogen sources, in llii!:h roughage rnaintenance or grow­

ini!: (líete (Kelson et al., 1961 ¡ l\elson et al., 1962; llaleigh 

et aL, 194J; !toode et ~ .• 1962). 

3esearch can he found to 8upport either a view that 

urea is not as efficient as natural protein supplements 

(Perry et al., 1967; ~mith et al., 1960; Theurer ~ al., 
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1962), or that I~ea is equivalent to natural protein sup­

plements tor growing and tattening cattle and aheep (Beeson 

et al., 1965; Gampbell et al., 196). 

Feasibi li ty of the use of urea and other non-protein 

nitrogen souroes in ruminant rations, particularly dairy 

cattle, is considerad in thia reviell'. Further encourage­

ment for using addi tional amounts of urea. must come from 

introducing into feed practicas new concepts developed in 

the last !lecade and diligently applylng sorne facts that 

have been Imown for sorne time. As Van Horn et al., (1967) 

bave pointed out, it is questionable whether the rule of 

thumb for usin1': urea of ")}0 of concentrate or l'h of dry mat­

ter," is in agreement with the response tbat can be exoec­

ted frolD high producin~ 0011'8. It must be remembered that 

recent atudies (Colovos, 1967; Conrad tl !!:l., 19613) show 

that high-prodlloing oows responded to high levels of urea 

wlum tbe urea was fed with rations speoifically oonstituted 

for rapid utilization of non-protein nitrogen. 

'l'be success of urea feerlinc; is dependent on the compo­

sition of the carbohydrates fed. Tbe quantity needed ap­

proximates 1. O kg of readily fermentable carbohydrate par 

100 g. of urea in au adapted cow. About two-thirds of the 

readily fermentable oarbohydrate should be starch. 

The total quantity of food consumed is aqually important 

to tha cow in ~etermining tha amount of nitro~en used. Ni­

trogan utilization has been found to be a linear function of 
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digestible energy input regardless of body weight of the 

cattle used (Conrad et al., 1968). 

11 

'1'he pathwa.y for utilization of non-protein nitrogen is 

via rurnen microorganisms. As microorganisms multi~ly, they 

synthesize proteins as constituents of their own cells from 

nutrients available in the rumen. Ammonia, tbe usual end­

~roduct of urea hydrolysis, is the preferred souree of ni­

tro¡(en for a larc;e majority of the rumen bacteria stnctied 

(bryant, 1962), ami ie effieient1y used for nrotein syn­

thesis if conditions are ma,Ximal for eontinuous fermenta­

tion. \Nantitatively, arnrr:onia may be a e;rowth limiting nu­

trient in tbe case of nitrogen deficiency. At dietary 

levels of less than 1.2> nitrogen, rUDlen funvtion is im­

paired, feed intake reduced, and growth of the host animal 

stopped or marI;sdly limi ted (Larri s and ~!i tchell 1941). 

f'hosphorus ie prolJab1y the most important mineral nu­

tríent with urea in most rations. ~lineral mixtures of var­

iDUS kinds have heen found to stimulate urea conversion to 

mícrobíal protein. The mineral mixture used by Virtanen 

(1966) to roeet the neede of the rumen microorr;anisms and 

the cows on nurified diets, containe\l Bodiull', notassilIm. 

calcium. J;lI,":!nesium. CO'lner. seleniuro, boron, cobalt, iouine 

and molybdenum. .':uch ahout the contrÍllUtion of microor'~an­

iam synthesia to tlJe amino acid nutrition of tlte cow canIJe 

concluded by consicleration of the quantity of any essential 

aminoacid l)roduced in the rumen. Hecently (Conrad ~ al., 
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1967) the bio-synthesis of methionine and its transfer to 

milk protein have been quanti tated, using an inverse isotope 

tlilution methotl following single doses of sulfide - 35",. In 

thís study, hay was superior to sílage for stimulating rumi­

nal methionine synthesis. The most extensive studies of 

amino~cid patterns in the blood of lactating cows were re­

portad by Virtanen (1966) who used urea and ammonillm salts 

as the sole nitrogan source in nurified diets. The concen­

trations of most of the free aminoacids, lJ8,rticularly the 

cssentíal aminoacids, in tIle nlasma and whole blood of lac­

tating cows fed purified diets were 10wer than those in 

plasma of the control COWB on normal feerl. The relative <le­

crease in hístídíne was greater than for any other amino­

/leida. It is notewortby that the plasma aminoacid [1atterns 

vary among runtinants in different ;Jhysiolo',{ical states. 

UI tjen and Putman (1966) measured the free aminoacide in the 

plasma of :¡:rowinr, Angus steers fed a [Jurified diet suppll3-

mented with isolated soy protein or urea. They found vIJ.line, 

isoleucine and phenylalanine to be relatively lower in urea 

sUJ)fllemented staers, and histídine to be lower 011 either of 

tl1e purified dieta than on natural feede. 

Urea in Rations for l~iry Cattle 

Conra.d and lIibbs (1966) used a pelleted combination of 

66:f, dehydrated alfalfa, :31.6'':; urea, 26 monosodium phosphate, 

0.4% sodil~ metabisulfite, and a ~reservative, as the only 

supplemental oroteín coneentrate in rations of hir.;h nroducing 
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cowa. Thia protein supplement (Dehy-lOO) contained 1671, ni-

tro!~en, or 10010 crude proteín equivalent. \I'hen added to 

corn meal at the 9'10 level, it resulted in a concentrate ra­

tion containim: l·~ to 19;; crude ~rotein equivalcnt. Mi1k 

yields of cows fed ilehy-IOO were aimilar tú those receivin-:: 

soybean meal as the !1rote in sU!l~1Iement. lJowever, therc was 

a tendency for actua.l milk yield to be slightly lower aml 

milk fat to 1m slightly hi~her in the cOlfa fed urea. jo'rom 

35 to 40/, of the total ni trogen conswned by these cowa \Vas 

urea nitro;,;en. 

A fieId test (Conrad and Hiblls, 1966) was eonducted 

with a 4f:l-cow herd to uctermine the offect of insertin¡>; the 

l1igll urea-containing mixture abruptly into the ration in 

place of aoybean meal. Urea made up 2.1;, of the concen-

trate ration. The cows were uivided into two groups and 

chan~ed abruntly at the end of alternate JO-day feedinQ," 

perioda. "n /,<1 V a "#'," l'C.\) basis. the avera~e mi 1 k yie Ids were 

tlle aa me for cowa fer! tlle urea-containing mixture and those 

fed soybean meal. 

The grain concentrate containing urea was eaten readily 

without any noticeable effects on the cows after the abrupt 

changa-oyera. This was in contrast to earlíer results when 

the COlVa were allowe<l to eat freahly chopped alfalfa contain­

ing 20 to 24,s crude protein equi valent per uni t of dry matter. 

Urea introduced abruptly into the ration in place of soybelln 

meal under these conditions caused the COlVS to eat "rain 



• 

• 

• 

14 

concentrate irrer;uIarly and refuse large amounts. After a 

two-clay ,.,eriorl, they began to eat the grain concentrate in 

normal amounts. It seems that tlle total rl'1tion in this case 

contained a quantity of nitrogen far in excess of the cow's 

requirernents wllen freshly chopped alfalfa was fec!. l'his in-

stance of depresserl concentra te conswuption was interpre"ted 

to indicate that the critical physioIogic!!J level for the 

readi Iy soluble non-proteiJ}_ ni trogen in the <liet han been 

exceeded. 

Sorne of the problems in feeding urea to ctairy cows are 

intensified lly a r:rowin!~ emnhasis on hif~h concentrate ra-

tions to increasc "roduction an,l to provide increaaed quan-

ti tiesof encrgy. J\ atucly wi th hi:<;ll ))roduc~nf cOlva recei v­

ing various levels of urea in a tligl1 concentrate ration 

showed that lIi dI urea levels (20 to 40-:: of the total ra-

tion nitrog;en) de,lressed llOth milk yield and feed efficiency 

(Jiuber tl al., 19(5). The sama invest iga tors condllcted ni-

tro~cn balance studies which indicated that milk production 

efficiency decreased when lIrea was addcrl due to a rlecreased 

nitrogen retention. 

~,1any attempts have been made to irnl)rove tlle utilization 

of urea by lacta t ine: rlai ry COlVS. In a recent study, lJelmer 

et al. (1970) used milk nroduction, i!;rain intake, body 

weight change, and the production and concentration of miIle 

constituents as the critería to evaluate starea, an intimate 

mixture of C(elatinized atarcb anrl urea, as a protein 
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supplement for lactating dairy COIfS. In this experiment, 

cowa fed grain rations supplemented with either Boybean meal 

or starea (23~¡' crude protein) consumed more grain and pro­

ducad more milk containin.!!; more protein than COlfS fed the 

same ¡~rain ratione supplemented with urea. ::>tarea was ap-

proximately equal to aoybean meal as a nrotein su~mlement for 

lactating cows. In this same study the anparent direct re-

lationship betweell .rrain intake a.nd milk production indi-

cates that ration acceptability affected animal performance. 

lJther inveati:;ators (Van Horn et al., 1967) have noted a 

similar relationship when urea \fas fed to lactating cOIVa. 

USing body weÍ!:';ht changes 'as a cri teria for comparison, 

J1elmer et al, (1970) fOlmd that cows cOllauming urea in the 
-~" 'o, ,"~ 

concentra te, 108t wei e;ht\¡j,s comparrH to cowa 01\ atarea and 

thoae on soyb(lan. 

In two experiments conducted in 8nn;land (by I;aite et al., , 
1968) and des i~ned to comnare urea aml bi uret containing 

concentra tes to a concentrate containin'; natural proteina, 

milI< ]1roduction was about 10: less on the nrea and hiuret 

treatments than on the control trcatments. Tl1ere was no 

ai¡;nificant difference in milk yield between the urea and the 

lJí uret treatments. The nercentall;es of fa t and !1roteín in 

the milk from the urea and bíuret treatmenta were higher 

than froID tIle control treatment. TIle above results on pro-

tein are in contrast with those obtained by Oltjen (1966) in 

which protein was aomewhat lower in the urea treated r,roup. 
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In Russia, Loskutou (1964) a1so found that a diet which pro­

vided 25;, of the rli¡:esti ble nrotein as urea reeu1 ted in a 

hi~her urotein content in milk as comnared to tha controla. 

jEffect 01' Urea on ¡lenroouctive Performance of Uairy Cattle 

There seems to be a general i zed he 1 i e1' amom; 1'armers, 

especially dairymen, that usin2: urea as a part 01' the ration 

of dairy cattle adversely af1'ects the reproductive belmvior 

and e1'1'iciency of cows (¡'ieterse, 1967). 

'l'he present literature review shows that results have 

been foune! either to support the possibility that urea-

containing feeds mic:ht have an adverse effect on reproduc-

tion, or that rC'Jroductive performance ls not af1'ected at 

all. In ;reneral, it can be said that data at the present 

time are macle un of general observations made during multi-

purpose studies using non-1Jratein 11 i tro[,en. Virtanen (1966) 

pla.ced severl;l,l matllre dairy cows on a nurified diet canta in-

im, urea and ammani um sal ts as tlle sole source of dietary 

nitrogen ami reported successful reproduction by the cows. 
, 

However, the COlVS required as mally as five services to 11e-

come pregnant. '1'he possibility tl1at a deficiency of vitamin 

¡,; was the cause of the problem was eliminated when subse-

quent vitamin E sUllplementation failed to improve fertility 

(Virtanen, 1969). Oltjen (1967) using two sets of identical 

twin helfers in order to determine the effect of urea on 

~rowth and reproduction, reported increased services per 
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conception, shortened len!{th of estrous cycle, a longer ges­

tation periOd, increased rate of abortion, and decreased 

weight of calves at birth for heifers that were on a urea 

dieto As far as onset of 1mberty, it was noted that bulls 

and heifers fed urea diets reached puberty 2 and 6 months 

later than control animals. lIowever, Pustovaja (1967) fOlmd 

that heifers on urea matured somewhat earlier than controls 

on plant nroteíns. 

Feoktislov (966) fotUld that with cows fed 200 ;¡:. urea 

per day in a low-protein diet, the incidence of infertility 

was ~reater than in the controls fed a diet sU'1plemented 

\Vi th plant prote in. In a studies condueted by Uuo-Aka (1970) 

and l'atton (1970) tlle effeet of urea on estroe;en exeretion 

rates and reproduction in 27 holstein !leifers fed 100." of the 

supplemental dietary nitro~en as urea was compared with 27 

control animals receiving soybean meal instead of urea. The 

control and the urea-fed heifers required 2.55 arrd 2.49 ser­

vices per conception, respectively. Six control heifers and 

seven urea heifers became Tlre~nant at first service. t:ach 

~roun had 16 live and 5 dead calves. There were thrce re­

tained placentas in the control "roup and four in the urea 

"rouT'. 

::>evera l experi ,"ents review,ed have indica ted that no 

,te leterious effects from urea-feeding were found. Arehi ba lel 

(1943) fed R dairy cows a concentrate ration that had 42;: ol 

its nitrogen supplied by urea and 8 cows on a control ration 
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without urea. For two consecutive lactationa, tha cows con­

swned an average of 15 pounds per animal par day of the con­

centrate. tieproductive performance, as far aa services par 

conception was concerned, was identical in each group: 1.55 

and 1.50 servicea per conception were required by the con­

trola and urea-fed groups, respectively. Lizal (1967) found 

tba.t heifera fed a diet containing 235 g. of urea incorpora­

ted as an ingredient of a liquid sunplement had regular es­

trous eycles. An average of 2.33 serviees per conception was 

required to settle nine of ten heifers. 

ttupel 0943} did not fim\ anY adverse effects from urea 

on the estrous cycle when dairy cows were fed a concentrate 

ration wbich contained 3% urea. In this expeI;'iment, six lac­

tating dairy cows consuming ten pounds of the concentrate per 

animal par day required a total of 13 services to obtain six 

conceptions. Then, during the following laetation, while on 

a urea-free diet, the aame 6 cows required 16 services. 

l'ustovaja (1967) reported that heifers fed diets eon­

taining urea matured somewhat earlier than the controls, in 

contrast to the sturly by 01 tjen (1967) in lVhich hei fers fed 

non-protein nitrogen reacher! puberty Bix months later tl1an 

controls. 

In the study of the possible effeets of urea on repro­

duction, several approaches have been examined, one of them 

being the denaturing effect of in vitro high eoncentrations 

of urea on gonadotrophins. JUlia (1961) studied the effeet 
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of incubation with urea on gonadotrophic actívity and showed 

that tlle luteinizing activities of standard NIll-LH and 

r;IlI-FSiJ were r;reatly reduced by urea while the fo11 icle­

stimulating activity of the follicle-stimlllating hormone 

(Fi:>fl) was onIy slic;htly tlecreased or unaffected. 

Uonal<lson and lIansel (196'5) fOlrnd tl1at LlI incubated in 

the presence of 6-,1 urea at 400 c for 24 hours had no Iuteo­

tro..-,hic effect and couId not 1Jrolom: the lifespan of an in 

si tu corpus lutemn, as compared to L11 not inculJated in urea. 

It i8 notkno~m if circuIating levels of urea, whatever 

these levels muy be, in blood can denature protein hormones. 

Patholo!:ical ~ffects 

<Jome other side effects have been attributed to urea­

feeding. For example, Gorskova (1967) fOlrnd that 1m11s fat­

tened on a diet of corn and straw aiIage sUflplemented with 

urea had fatty infiltration of the liver, whereas, control 

animals failed to show any liver disordcrs. Also, Gorcevskij 

(1967) after examining liver tissue from 40 steers, wl1ich hall 

been fed SO .!1;. of urea daily d1lring 130 (lays, and from 29 

control steers, found fatty infiltration of the 'Jarenc]ly:na, 

ami necrotic cells scattered in the liver tissues of animals 

fed urea. Ilowever, in disagreement with theee findin~s ls 

the work conducted lly Colenbrander .et al. (1968) in which 

272 g. of urea daily as Bupplemental nitrogen were fed to 

thirteen Holstein steers from six months of age until slaugh­

ter at 11 months. llistopathological examination of the 
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viscera <lid not reveal any type of tis8ue damage . 

\linerals 

Un tite mineral aS'1ect, Lomba et al. (1969), uBin~ dry 

and lactating cows with variable intaIces of phosphorus, 

fOllld that n]¡ospllOruB fecal ami urinary 1088e8 8how wirle 

variations and may be Í11portant. They are not influenced 

20 

by [Jhosphorus intake, a.m] are re la ted, among the many other 

nutritional faetors analyzE'Cl in this research. only to in­

gested water a.nc! to a lesser extent to tlte ni trog:ell of the 

dicto The rhosl'llOrUS balance is 1'11130 very mucll variall1e anll 

not rea.l1y related to tbe com:>osition of the ration. 1'11e 10w 

influonce of tlle rliet on the annarent fate of phosphorllB can 

be explained leY tho interference of variable an:OW1ts of en­

ctor,enou8 phosphorus excretion. 

Pa.way e1. al. (969) rerorted tllat J nlltritional fact­

ors, potassilll.'. dry matter ami nitrogen intakes influence the 

fate of rlietary pota03situn. 'l'hey pointed out that at any 

level of ine;estion, di~estion, excretion, there is a very 

close correlatioll lletween potassium and ni trogen. 'fhey 

founa no significe.nt correlation between the fate of potas­

sium and tbat of calcium, magnesiuDl or Dl1osphorus. Also tlley 

foun,l no difference 11etween dry and lactatin¡; cows as far 8S 

potasSi\1l11 tlÜ!;estion was concorned . 
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},;;\}'.é;RIAL;:i ANO M.ETllOD.3 

Twenty-four Holstein cowe between the 7th and 8th months 

of pre¡;nancy "ere chosen from the dairy Ilerd of the Colombian 

lnsti tute of M:riculture (I(;A) Bxlleriment ::;ta ti on a t lJogota' , 

Colombia. Tllese animale \Vere isolated from the regular herd 

and fed a ration containing urea at a level which permitted 

them to adapt to tlle urea feedin!!: without physiological dis­

turbances. Thus, time prior to parturition was basically an 

adaptation period for the animals which received the urea 

supplemented rations. 

Tlle animals were assigned, at random, to three treat­

ments with 0, 33 and 66 percent of the supplemental protein 

in the ¡¡rain mixture being sup'Jlied by urea. AIl animals 

were not available at the same time; tlms, cows were as­

signed to the different treatments when they entered the dry 

periodo 

The criteria employed for the assignment of anímale to 

tlle groups were age, body weight, previous levele of milk 

production, previous reproductive performance and lIealth, tú 

obtain as Ilomogeneous a /rroup as poesible. In addition, 

twenty cowe were chosen from the "Ti bai tata" E..-xperiment 

Station D!liry Berd. These cows were maintained under the 

etandard management procedures for the herd, that is, silage 
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or ,l(razine:, amI a concentrate supnlement twice a rlay during 

milking. The milk nrodllction of this group, which was main­

tained with the regular herd, was comparad to tllat of the 

control anc\ experimenta.l animals and a.lso the same blood 

measurements were macle at 28 days before parturi tion ami at 

2 ami 28 <lays after T'art,urition anc1 con'l1ared with values 

foune! in both tlle control amI experimental groUns. 

The treatments eonsisterl of: a) Group 1, Control, re­

eeiving a diet with 1'111 tlle protein from natural sourees; 

b) Group II, reeeiving 33' of the supplemental protein in 

tlle grain mixture from urea; el Group 111, reeeivine: 66' of 

the supplemental proteln in the grain mixture froro urea. The 

composition amI estimated cllemical analysis of the concen-

. trates are presented in Tal;!!' l. 

The animals were 110USBU in individual pens in an open­

ahed barn and rnilked twiee a day in a milkin" par lor. They 

remainect on tile experiment tllroll~h one lactation and about 

five months into tlle seconrl lactation. Unce an animal was 

assignecl to a treatment ít remained on that treatment until 

removed from the experimento All three ¡¡;roups received corn 

13i la~e ad li bi tum twice dai1y as tlle only source of fora.ge. 

Feecl refusale were reeorder! 'before the morning feeding 

tbe following day. The concentrate was fed to meet the re­

quirements fol' maintenanee and production amI the amount was 

adjusted weekly 8.ceor<ling to milk production. The cows re­

eeived part of tlle concentrate mixed with the silage and the 
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balance durin!l; the milkinQ; periods. The amount oC ¡;rain fed 

to the animale was calculated on the basie of the corn 8i­

lage consumption wíth íntake balanced to meet energy, pro­

teín and mineral requirements accorcJin!f. to l'iA:::i-Nt(C (1966) al­

lowances. lt was calculated that each animal wOllld receive 

6.4 1,(. of total digestihle nutrients (TlJN) per kilogram of 

body weight for maintenance and JJO g. per kiloc;ram of 4 

percent Cat-corrected milk nrodllced. 

Tlle measuremf'nts made were: body weight, milk yield, 

individual feed inta.ka, milk fat, milk nrotein, cllemical 

comrlOsi tion of fpecl basod on nooled samples for chemical 

ana.lysi8 every 28 rlays. Blood urea, calcium, phosphorus, 

magnesi um and potassi ure were determined every 2fl (lays 

tllrouglJout the experimento The blood samples wero collect.ed 

consístently betwof'n 9:00 find 11:00 a.m. and feeding times 

wero 6:00 a.m. amI 4·:00 p.m. Blood samples for mineral and 

urea determinations were drawn froln the jUll;ular vein, taken 

to a laboratory where plasma \Vas obtained by centrifugation 

of non-coagnlated blood and sorum 11y precipitation of the 

proteínA with a 10~ tricllloroacetic acid solution (TCA). 

Millü:rams of urea in blood serum were determined then hy 

tlle method (tescriberi l)y Chanf)y 8.nd Marbach (1962). Phos­

phorus in b100d serum was determined hy the calorimetric 

technique of Ilarris and Ponat (1954). Ca1cium, mau;nesium 

and potassium were determined by the analytical methods for 

the determination of these minerals in biological materiaIs 
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by atomic absorption spectronhotometry as nublished by the 

Perkin-Elmer manuals (1965-1966). 

Dody weights were recorded every 28 days throughout 

the exneriment. ~Ii lk yield was recorded ctaily during the 

f irst comnlete lacta t ion on exneriment and then lmt i 1 140 

24 

days into the following lactation. ~Iilk fat was determined 

every 28 !lays, on nooled samples, by the BabeoR teetmique. 

Samples of eorn silage and concentrate were taken 

daily, weighed dried amI pooled for proximate chemical an-

alysis for mOisture, crude protein, crude fiber, ether ex-

tract, ni trogen-free extract and asl1 AIl feed samples 

were collected during the morning feeding, and tlJe analysis 

were made every twenty-ei;;ht days throughout the two laeta-

tion perí ods. 

Veterinary obscrvations of tlle animals included re-

cordim: renroductive cyeles, nmrber of services l'er concep-

tion, normalcy of Q"estation ano any events at parturition. 

During the dry period 11.11 tlle cows reeeived one to two ki-

IOlSrams of concentrate to maintain the urea-adapted ruminal 

microflora in the urea-fed cows and to avoid physiological 

disturbances when the animal retllrned to normal levels of 

concentrate feeding after the second calving. At abollt one 

week preceding the expected date of parturition the COlVS 

were confined in a corral with adequate shelter and bedded 

with wheat straw until parturition when they returned to in-

dividual management under their respective treatment • 

l 
i 
I 
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The statistical analysis was a group-treatment analy­

sis, using the Jlnalysis of Variance for the completely ran­

domized design (Steel and Torrie, 1960) and the 1~C~ opera­

ting system version 4.1 ::;'l'ATPHF-I of the Puruue University 

computer center . 
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'fable 1. Composi t ion of Concentra tes Fad on As FetI ha sis. 

Ingredients 

Yellow corn, % 
Cottonseed Cake, 
~lolasses , % 
Urea, % 
iY'heat bran, % 
Limestone, % 
0ioal, % 
Salt, % 
P . % . re m l.l( , 

Total 

Crude Protein, % 
Total Digestible 

Nutrieilts, % 
CaleiuiI1, % 
Pbos pllOrns, % 

% 

(;rour 

44.5 
26.5 
8.0 

18.0 
2.0 

.8 

.2 
100.0 

19.6 

70.0 
.9 
.6 

1 
Treatment 

Group Il r:roup III 

55.0 76.0 
9.0 
9.0 17.0 
2.27 !.,. 1 

21. 5 
2.03 1.1 

1.4 
1.0 .2 

.2 .2 
100.0 100.0 

Cllomical Comnosition..!/ 
19.7 

70.0 
.9 
.6 

19.8 

70.0 
.9 
.6 

!.ICaloulations based on NOPCO, 1965 raed i!lgrell1ent analysis 
table for ruminants and on Colornbian Institute of Af1;riclIlture 
(lCA), ¡;utrition Laboratory Annual (¡eport, 1967. , 
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¡¡¡';SULTS AND ;)lSCU;:;SlON 

Feed Intake 

The three concentrates fed in this experiment "ere bal­

anced to be similar in percent crude protein, energy and 

lnajor minerals usin~ estimated feed ingredients composition 

values (NOpeO 1966; lCA 1968). Laboratory analysis per­

formed every 213 days from pooled samples did not reveal 

much variation in protein content as compared to the calcu­

la ted values (Tables 1 and 2). 'l'be average composi t ion of 

the corn silage fed is shown in Table 3. 

Average feed consmDption, actual milk production, per­

cent fat, 4 percent fat-corrected milk production and body 

weight changes, along with their respective standard errors 

for the two lactation periods recorded are smnmarized in 

Tables 4 and 5. Silage intake varied slightly wi thout 

showing any significant differences between treatment 

groups in both the first and second lactation periods. 

Concentrate intake varied widely, consUIDption being 

significantly differel1t (p",.05) between the control group 1 

and group 11, 33; supplementary protein from urea, and also 

between the control group and group lIl, 66% supplementary 

protein from urea. There was no significant difference in 
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Table 2. G11emical Composition of the Concentrate FedY 

Grou-p 
ln¡;redients 1 1I 1I1 

% % % 
¡)ry matter 33.00 87.13 37.01 
Crude protein 19.71 19.73 19.77 
Uher extract 2.81 (,.12 2.90 
Crude fi"ber 5.95 '+.70 2.00 
Ásh 

, 
6.00 6.13 5.01 

Nitrogen-free extract 65.53 66.32 70.32 

1..1 Ana1ysis of 213-day pooled srunples . 

'rabIe J. Average Chemical COlllposi tio!} of the Corn :3ilage 
Fed Durinf) the ~T,,~r iment. 1/ 

lJry matter 
Crude protein 
Ether "jetract 
Crude fiber 
Ash 
Nitrogen-free extract 

l/Ána1ysis of 28-day 9001ed samnles . 

% 
27.70 
3.17 
3.86 

24.79 
4.60 

58.58 
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intake between groups II and I1L Tbese results indicate 

that addition of urea depressed intake (P..c.05) as shown in 

Fig. l. 

It should be noted that a better consUloption of the 

concentrate mixtures containing urea might have heen achieved 

if the animals had heen fed the concentrate ration cODlplete-

1y mixed with the corn silage. 

For management conveniences, part of the daily concen­

trate ration was fed at milking time. .lit the begínning of 

the first lactation grain refusals were hígh in the urea-fed 

groups. After the first month of lactation tlle urea-fe([ an-

imals increased their íntake of concentrate and lI1ilk l'roduc-

tion tended to remain constant wi th a rat'e of decrease less 

accentuated as compared to the control animals and to the an-

imals in the regular herd. 

Perhaps bacause a higher percentage of the concentrate 

was fed lvith the silage in the second lactation, differences 

in concentrate consumption were not significantly different 

during the 140 days of this lactation. i:;imilar results have 

been found by other workers (Van Horn et al., 1967). 

Tables nwnber I~ and 5 and Figure j show the levels of 

protein fed to the different groups of animals and also the 

amount of urea fed per day to the experimental groulls of an­

imals. It should he noticed that NHC requirements for lIl8.in-

tenance and production were closely l!let in a11 three groups 

of animals (Fig. 3). 
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The amounts of urea fed da.ily averaged 114 and 216 

grama oonsUllled per day in experimental grO\lpa 11 and 111, 

ref'pectively, during the first lact8tion and 141 and 240 gm. 

per day for tl'e so.me groups, respective1y during t11e second 

lactation (Tables 4 and 5). 

Production 

E.'ven though the control group. which consUJ:1sd t11e most 

concen"tra"te, produced slightly more milk than each of the 

urea-fed groups, t.he differences in actual lIlillr and 4 per­

cent fat-corrected milk production were not stat1etica11y 

significant (Tables 4 and 5). The actual lIli1k production in 

the control group averaged 5,457.9 kg in the 305-days 18cta­

tion period and was very similar to tile average proouction 

of 5,)16.2 kg l¡y the 20 verd cows in a )05-day lactation 

(Fig. 2). 

Reports uy Huber (1967), Helmer, !i..i!!:l .• (1970) and 

Van Horn !i..i !!:l.. (1967) have indicated. tllat tlle depress10n 

in milk 'Production was related to levels of urea in tlle con­

centrate. }fowever, the present study did not show any sig­

nificant differencee in milk production indicating that .ven 

when there were differences in feed consUJllption, they were 

not larga enougl! to affect production and that the three 

rations were used by the cows with the same degree of effi­

ciency. These resulte agree with tboee found by Conrad and 

Hibbe (1966) in a field test wi th 48 cows in which lIlilk 

yields for cows fed a urea-contain1ng m1~ture and those fed 
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a soybean meal mixture wore similar on a 4 percent fat­

corrected milk basia. 

Mi lk Fat 

34 

During the two ex~erimental periods, tlle percenta~e of 

fat in milk was significantly different (1'",.01) between tlle 

groups (Fig. Ji). A 1Juncan's nel\' l1'ultiple range test (::;teel 

and Torrie, 1960) showed that tbe cows fed tIle highest 

amount of urea, Group JIl, ehowed a hi!!:hly significant 

(P.e:. 01) increased a.verage fa t content in mi lk as coml'ared 

with p-;roups 1 and II (Tables 4 and 5). The difference in 

fat content of milI< between !(roups 1 and Il al so was hi¡!hly 

significant (F.o::.01) wi th group II avera!T.ing hü;her in fat. 

It appears tllat fat content in milk tended to inerea.se 

as tlle levels of urea in tIle ration increased. 6everal 

workers (He lmer, et al., 1970 and ~,aite, et ~.. 1968) have 

notad similar changes in fa·t test when urea was introduced 

into tho ration of dairy cows. 

l'he average milk fat pereentage in the control group 

(3.45%) was sillülar to the milk fat percenta[:e of the hera 

cows (3.48%). 

'.Veight Changes 

rieight changes between calving and )05 days in the firet 

lactation and ca.Iving to ¡lfO days in the second lactation 

were very similar in the three groups. There were no sta­

tistically si~nificant differenccs in body wei~ht gains be­

tween the ,c"roups. The results obtained in this eXl'eriment 
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Table 4. Average Feed Consumption, Milk Production, Fat Percent and Body Weight Chan­

aes of Cows Durina the First Lactatio~ 

GrouD 
Item 1 11 _____ llI 

Number of Animals 

FEED INTAKE: 
Grain, kg 
Silage dry matter, kg 
Dry matter intake per 100 kg 

BW, kg 
Dry matter from grain, % 
Crude protein intake, gm/day 
Urea intake, gm/day 
Protein intake from Urea, % 

MILK PRODUCTION:1/ 
Actual milk, kg 
Fat-corrected mi1k, kg 
Milk fat, % 

WEIGHT CHANGES: 
Parturition to 305 days, kg 

l/Standard error of mean. 

8 

1869 4a + 93 6l/ - • a - • 
3023.3 :!;.81.5 

2.65 
35.4 

1835 

5457.9a í. 247.7 
5006.5 a .,. 224.4 

3. 45 a -:t. .01 

106.0a ± 10.3 

8 

1548.5b 
t" 62.2 

2895.1a ;: 150.9 

2.36 
32.0 

1644 
114 
19.95 

4915.9a .... 223.9 
4456.5a -:;: 176.3 

b-3.54 :t. .02 

116.6a í. 13.8 

8 

1619.4b 
r 17.721 

a -
2708.7 .:i: 85.3 

2.50 
34.0 

1630 
216 

38.4 

5120.7a 
+ 247.9 

4912.1a :t 237.0 
3.74c :!: .02 

a 82.7 .!. 12.3 

;(Means with a different superscript within a row are significantly different (P<.05). 
1/The 20 herd cows produced an average of 5,316.2 kg milk with 3.48 percent fat during 

a 305-day 1actation. tal 

! 
~ 
~~ .. 

W 
0\ 
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Table 5. Average Feed Consumption, Hilk Production, Fat fercent and Body Weight Chan­

aes of Cows_ durinQ_the SeCQnd_ Lactati~ ((2 t9 140-.-daYsl. 

G.rDuo 
Item __ 1 U __ 111 

Number of animals 

FEED INTAKE: 
Grain, kg 
Silage dry matter, kg 
Dry matter intake per 100 kg 

BW, kg 
Dry matter from grain, % 
Crude protein intake, gm/day 
Urea intake, gm/day 
Protein intake fram urea, % 

HILK PRODUCTION: 
Actual mi1k, kg 
Fat-corrected mi1k, kg 
Milk fat, % 

WEIGHT CHANGES: 
Ca1ving to 140 days, kg 

7 

976.2a ±: 
1370.1a ± 

2.73 
37. 3 

1995 

63.8l! 
14.8 

2897.6a ± 235.7 
2652.5 a :J:. 224.8 

3.44 a :t. .01 

a 22.8 :1:7.6 

7 

871.2a :J:. 65.6 
1365.4a ± 19.3 

2.68 
35.5 

1874 
141 

21. 72 

2704.8a T 197.4 
2545.8a

b
;; 182.3 

3.61 ± .02 

a 33.3.:t:4.6 

3 

820.4 a :J:. 27.6Y 
1353.6a :t. 9.2 

2.65 
34.5 

1774 
240 

38.90 

2888.9a i; 101.0 
2474.3a

c± 87.1 
3.70 ± .03 

1l.7a ±3.2 

l/Standard error of mean. 
~Means with different superscripts within a row are significantly different (P~.05). 

'-' 
~ 
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a,re in contrast to thoee presented by va.rious workers (Helmer 

~ !!:l., 1970; Van Horn et al., 1966; and Huber, 1965), who 

indicated that animals on urea-containing rations lost weight, 

anrl agree with results of other workers, euch as \\aito tl al. 

(1968), who found that liveweight changos were not affected 

by experimental treatments when biuret and urea were tested 

in concentrates for milking cows. 

From the resulte found in t11is eX]lcrill1ent, it appears 

that the anímals fed the urea-containing rations were able 

to lIIaintain normal rates of weight gain as compared to tile 

control animals (Tables 4 and 5). 

Blood I>:.inerals 

CalciUlll. Prom the one-way analysie oí varianca macla 

and the use of the Duncan'a new Ir.ultiple range test to 001ll-

pare each treatment JIjean wi th every otl1er treatment lr.ean 

(Stael and Torrie, 1960), the raeul te indicate a· eharp drop 

in the b100d values for calciulll in a11 the experimental 

groups in the s8,mplee taken 2 <laye after calvinu; and frol!! 

there until 56 daya a.fter cal ving when the blood levels 

began to increa.se 11aok to the values found before calving. 

Toward the end of the lactation period, at 2RO amI )05 days 

of lactat ion, tile leve1a of calei um in blood deerea,sed agaín 

in the urea-fed groups, 11 B.nd lIl. The statistical analysis 

shows that there were hi¡¡;hly significant differences (P..:::.Ol) 

in the magnitude of decrease between tile control and the ex-

perimenta1 groups when the ca1cium levele in blood were 
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compared at 28, 196, 280 and 308 days after calving. 1{esults 

obtained during the eecond lactation were similar to those 

obtained in the first lactation. Highly significant differ­

ences (P¿.OlJ in blood calcium levele were faund between 

group 1 and graup 111 between 56 days after parturitioll and 

140 days aíter parturition O'i;;. 5), 

Tile lo"est blaod calcium values "ere found in the llie;h 

urea g;roup (8.72 mI'. ca 1)er 100 mI. blood serum). ¡iawever, 

these vaIues were still between tlle range for nonparetic 
<-
cows at the respective stag;es of lactatian. Litt1edike et 

aL, (1970) found calcium vaiues oí 10.0:t 0.10 mg:. per 100 

mI. serwn durin;.; tlle dry period and 7.6 :t 0.52 between 12 

and 1'¡'8 hours postpartum in normal animals. A Iso, Kendall 

tl al., (1968) reports 11.26 mg ;', calcium before calving 

and /:l.85 mi; ,0 in serun immediate1y after ca1ving. 

l:!lood levele of calcium analyzeli in the 20 cows kept 

with the herd at 2(3 days before, and at 2 and 2:3 <lays after 

parturition uere 9.9'", 9.53 and 9.6~l nl¡e" for the three ner-

iods, resl1ectively. The calciun: ,;ata froID tlle herd ani31als 

were similar to tbo 9.91, 9.01 and 9.50 mg 7; foun'l in tilO 

control i?;roup anirra,ls at equiYalont stal'.es of lll,ctation. 

These results show tliat tlle l:lood oaloium lf'vels varied 

frorn 8.72 to 10.71 witli the high urea-fed 811imals (group 

111) showin" the lowest values (Fil;. 5). lJifferonces be-

tween the oontrol ::;roup and tile high urea group animals "ere 

Btatistically highly signíficant (PL.Ol) at the beginning and 
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end of lactations. No statistically significant differences 

ware found between the two urea-fed groups (11 and 111). No 

biolo~ical significance can be attributed to the aforemen-

tioned differences at this time sínce 11.11 values for calcitm 

fOtmd in the three experimenta.} groups relroained between usu-

ally considered normal ranges (Littledike et al., 1970; --
Maynard and Loos11, 1962; Kendall et aL, 1968). 

Phosphorus. Statistical analysis of the blood phospho­

rus val ues showed a trend simi lar to tha t for cale! UDl. ,!e-

sults of blood serum analysis at 2 days and then every 28 

days after parturition indicated that the blood lavels of 

phosphorus decreased after parturition and that the average 

values found were significantly different (P~.OI) between the 

control group and the two urea-fed groups at 2, 28, 56, 84 

and 112 days after parturitlon with the hir,hest urea group 

consistently having the lowest values for bIoOO pbosphorlls 

After about 4 ~lOnths of lactation the vaIues lVere shli-

lar for tbe tbree groups and continued in tbe normal range 

until the end of lactation. Again, immediately after tIla 

second parturition, blood phosphorus values droPTled sbarply 

in the three groups and once more tile two urea-treated 

groups showed below nonlal levels of phosphorus 8.S cODlpared 

to low values of 3.90 rng % pbosphorus immediately after par­

turition reported by Littledike ~ ~., (1970). Phosphorus 

levels found in animals in groups II and 111, lmmediately 
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after partur1tion, averaged 3.51 and 3.25 mg %, respectively. 

Values for groups II and 111 decreased llore than those 

for the control group. Significant differences (PL.05) were 

found between the control group and experiIlental group Il 

which rece1ved the lowest amount of l~ea, at 28, 56, 84 and 

112 days after the first partur1tion on the experiment and 

at 2 and 28 days after the second parturition. 

These results indicate that blood phosphorus levels in 
e 

the urea-fed animalls \fere significantly 10wer than in the 

control group and that these levela reached their lowest 

value shortly after parturition. A return to higher levels 

was apparAnt. after 28 days of lactation. but the trend was 

for the urea-fed groups to show significantly (P,.OI) lower 

blood levels of phosphorus throughout the experíment as com­

pared to the control group (F1g. 6). 

Blood phosphorus values for the 20 herd cows used for 

comparative purposes, at 28 days prepartum and at 2 and 28 

days postpartum were 4.73, 4.32 and 5.17 mg ~ respectively 

as compared to 5.12, 4.05 and 4.51 mg % of phosphorus in 

blood of the control anímals at equí va,lent stae:es of lacta-

tíon. 

Magnesíum. Dlood magneaíum levela remained between nor-

mal phys1010gícal ran¡~es (Maynard and Loosli, 1962; Little­

d1ke et al., 1970) and the stat1st1cal analysia of the data 

collected throughout the two lactatíon perioda índicated no 

signif1cant d1fferencea due to treatmenta (Fíg. ? l. 
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Potassium. AII blood potassium values for the three ex­

perimental groups were consistently between normal phyeiolo­

gical ranges (Altman 1961). The lowest and hígheet average 

bloocl potassium values were 17.80 and 19.64 mg %. respective­

Iy (Fig. tl). However, there were hÜ;hly significant (P..::.OI) 

differences between group treatments heginníng 56 days 

after parturition in lloth lactation periods. After S6 days 

lactation the'urea ... fed aniBials consistently sliowect signifi­

cantly (P.:::.Ol) lower bloocl potassium levels as compared to 

tha control group. 'rhese results indicatetl that the blood 

levele of potassiUl!1 varied with treatlllents and that these 

ditferences were híghly signíticant (1'¿.01). Again, however, 

no hiological significance can be attributed to those differ­

ences since the values found were hetween general1y consi­

dered normal ranges. Littledike et al. (1970) reported 

vaInas of lR.7 mg % for the dry periOtl and 13.7 mg % for 12 

to ~:3 hourE' postpartum in normal cows. 

Herd elata tor blood potassiwn l,~vels in her.l ttnimals at 

23 ,lays before and at 2 and 23 days after parturition aver­

aged 19.16, 19.21l, and 19.04 mg % res¡Jectively, which com­

pare(\ favorahly to 19.40, 19.11 amI 19.03 mIS /0 found in the 

control groll!) at the equivalent stages of lactation. 

~. üuring both lactation perlode, tlle blood urea 

lavele fomu1 8howed a direct relationship to tlte levels of 

urea fed in tlle rations, with the loweet, intermediate, and 

hi6hest bloocl urea levele occurring in groups l. II ancl IIl, 

respectively (Fig. 9). 
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Analysis of variance and the Duncan's new multiple range 

test performed with data collected every 28 days throughout 

the experimental !)eriod indicated highly significant differ­

ences ({'.::.Ol) between tlle treatment mea.ns at each period an­

alyzed. 

Levels of urea-N in bloo<1 were 28.)0 and 24.74 m~ % 
for groups 111 and 11, respectively, when the concentrate 

consumption was li.ighest during the first months of lactation. 

The level of urea in bloo<l of the control animalfl sllowed 

little variation and tlle values remaine<l between 1) and 20 

mg %. TlJese values were closely relatell to those found in 

the 20 herd animals which were salllpled 28 days before and 2 

and 28 ¡lays after parturttion. The levels found were 17.2), 

17.34 and 18.92 mg % for the three mentioned samuling periods 

respectively. TIlese findings indicate that tne control an­

imals were behavina: in a manner si:ni lar to anima.ls in tlle ~eTl­

eral herd. The above results al so indicate that b100<l urea 

levele increafletl with increasing- amounts of urea in the 

ration and that at the hic::hest levels of urea fed, 216 g. oor 

cow per day on the average, the levels of urea in blood were 

almost douhle that found in t 11e control animals. 

\Vide ranges of 2.9 to 22.4 mg of blood urea-N per 100 

mI have been reported in cattle (Lane and Campbell, 1966). 

Based upon the results oí this study, it is apparent that as 

the level of urea fed increased (Table 4) there was a con­

cOl!litant increase in blood. urea levele (Fig. 9) . 
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""eproduction 

Table 5 sl10ws a aumma,ry of the reproductive performance 

of the three experimental groups. The animals in the control 

group behaved normallY, conceived with relative ease, comple­

ted one lactation, and with the exception of one COlf that 

aborted, seven out of ei7,ht cal ved normally a secono time. 

At tIle preaent tilne, these aeven c01l'a are pregnant and pro­

ducing normally. The nUluber of services per conception for 

the fírst lactation was 1.50 and 1.57 in tile second lacta­

tiol1. Tile ¡reneral renroductive T)erformal1ce of tlle control 

animals was similar to that of the 20 herd cows used for 

com;-m.rative purnoses. The number of services required per 

conception for the herd animals averll;ed 1.89 . 

The avera~;e number of days in milk ,for tlle first lac­

tation on experiment, days dry, interval between parturi­

tions and the number of days complete,l on the second lacta­

tioll for the control grou!' were: 355, 54, 409 and 182, re­

spectively. Tile second gronp required a.n averaq;e of 2.75 

and 2.71 services in the first and socond reproductive 

periorls, respectively. 

In tlle second lactation, the av.r8.ge number of servi-

ces per eoneeption for grou]') II ineluded a cow that requirect 4 

services, eould not be aettled and was <liagnoaed as having 

ovarían cysts. A second cow did not enter the second lacta­

tion peried due to an abortion at 150 days of the first 

pregnancy. She continued milki~~ tor 530 days, waS bred 
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and, at the time the exneriment "as concluded, w&s 127 days 

in gestation. The average number ot days in milk during the 

tirst lactation, days dry (7 cows), interval between [)&rtur­

itions (7 cows), and number of days in the second lactation 

(7 cows) were JRl .. , 71, 4)4 and 196, respectively (Table 5). 

Cows in groUl) II I had a hÜ!;h incidence of rel1rodllct i ve 

problems. In the first lact!l,tion, 2 of the 8 cows in the 

s;roup could not be settled after 4 and 6 inselllinations, re­

spectively. One of tile cows was diagnosed pyometra and has 

been under treatment; the second wasrliagnosed hilateral 

ovarian cysts and was sold after completion of the first 

experimental lactation. The rel/1aining 6 cows reqllired 2.00 

services par conception. Two of these animals ahorted and 

a third cow gave birth, at term, to a deact female calf. Ol 

the two cows that aborted, one conceived lor a second time 

after 2 services, and the other one developed pyometra alter 

the abortion. A tourth cow ol thegroup of six that conceived 

died of parturient 'laresís at time oC narturitíon. 

Under the above circumstances, only J cows of the group 

oC 3 entered the second lactation periodo All 3 animals 

plus tila cow that aborted and was inseminated a!l:ain are 

pregnant after requiring an average of 2.25 services per 

conception and have completed an average ol 209 days ol the 

secolld lactation. It should be notad that the number of 

services per conception tor this group ol 8 ani~ls was 1.75 

prior to entering the experimento 



• 

• 

• 

51 

The reproductive performance of the three groups indi-

cates that the incidence of reproductiva problems increased 

with increasing lavels of urea in the ration. The reproduc­

tive performance of the control g;roup "as similar to tOOt of 

the general herd which did not receive urea and was on a 

different feeding regime. Attempts have been JIlade to corre-

late reproductive response of the urea-fed groups of aniroals 

to blood mineraIs and IITCa levels in blood. However, as 1t 

was observed before, s in<:Jc""the" blood levela found, even though 

different, do not appear to be abnormal, the cause of the 

reproductive faillITe, particularly in the hÍll:h~urea group, 

cannot be explained under the scope of the ~resent work . 
• 

More detailed research appears to be justified . 
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'rabIe 6. Smnmal'Y of ttepl'oductive Performance of the ;,;xperi­
mental Aninlale. 

l"il'st Lacta ti on 

Nllr.tber of animale 
Average (lays in mi lk 
Average dry period, days 
Interval between 'Jarturitions 
Services per concertion, no. 

1 

~1 

355 
54 

1'¡09 
1.5 

Grouplil 
II III 

8 
1-1-00 

722 / 4/ 
391- 2/ 

3.66 

1/ Only 7 animallil included, 8th anilllal aborterl. 
3./ Only 1-1- anilllals ino1 uded. Of the rernainin~;, 2 aborted and 

2 did not conceive. 
2/ÜJ11y 7 anímals incllldell. üne animal aborted at 159 days 

pregnancy. rehred. 
':!.IOnly 4 animals included See 2 above. 
1/ Based on 8 anÍlllals. Includes 2 anilllals 1I'hich required L • 

and 6 services wi thOllt conception. One anill\al was dia,.­
!losed pyometra aml the other ovarian cyete. 

Second Lactation 

;';umber of anímale 
Average days in .,Uk 
Services per conception, no. 

1 
Grollps 

II 

s / 
1961 

2.711jj 

III 

7 
209Y 1/ 

2.25 

}./7 aniltlals inclnded, 8th animal aborted ami did Ilot enter 

¡ 2nd lactatíon. 
~ vn1y 3 cows entered 2nd lactation. (2 abortions, 1 death, 

2 did not coneeive). 
2/7 animals pregnant, 8th cow not bred due to recentpartur­

ition. 
iz/7 animals pregnant, 8th took 4- services and did not con­

ceive a 2nd time. 
2/l:lased on 4 animals. Relllainíng; 1 death at calvin¡;, 2 py­

ometra, 1 ovarían cyate • 
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IXTLl.OlJl;C'l'I UN 

'fhere is a need for basic and appl ied research in the 

fields of nutrition and physiology of dairy heifers of ages 

ranging from R months to first breeding. In Colombia, and 

especially in the Gauca lüver Valley where this experiment 

was conducted, dairy heifers do not always receive a rliet 

which meets the requirements for norll'lal e;rowth and early 

achievement of an a-ppro:>riate weiv,ht and si7.e for breedinc;. 

Thus, breeding of beifers ls usually tlelayed lmti 1 twenty­

four or more months lvi th a consequent 10ss of valuable Dro­

ductive time. 

According to ¡,ícDowell (1963), the lwerage growth rates 

of cattle kept in the lower elevations in countries within 

the North-South 30° latitudes are generally 10 to 50 percent 

below those acceptable for tile 35 0_500 North latitudes. The 

differenccs are usually attributed to seasonal fIuctuations 

in feed sUiJplies, the direct effect of climate, disease, and 

parasitism, and poor genetlc stocks. The first apnears to 

have, directly or indirectlY, tlle greatest inflllence on oat­

tIe production in most situations in the tropics. In the 

general area "here the results of this tyue of research 

could have influence, neither disease nor :<;enetic quality 
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appear to be the main factors determining poor results in 

dairying. It appeara that inarlequate management and nutri­

tion are the 1II0st linliting faetora affeeting the .rlairy in­

dustry. In fact, it has been demonatrated (lCA, 1969)· that 

generally accepted standarda of growth for holatein heifers 

(Matthews and Fohrman, 1954; Hagsdale, 19}4) can be obtained 

witll relative ease providing that nutritional requirements 

are meto Goals such as 350 k:.; of body weigbt at an age of 

15 months for first breeding can be aehieved without a very 

sophisticated system of management. 

;)airymen, which at the T)resent tiltle are not providing 

supplernenta to their heifers, or which are suoplying very 

10'11' amounts and 011 !tn irregular basis due to the high prices 

of eommercial products but that are interested in an im­

provement of their practices, wouId welcome a supplement 

with the charaeteristiea of 10'11' price and ea.ay availability. 

Cm the other hand, data are neelted on the effecta of differ­

ent energy aoureea ongrowth and reproductive performance of 

yOilllg adult dairy uattle grown under local conditions in Co­

lombia. 

Vnder the eonditiolls in which the present experiment was 

eondueted, tlle use of su¡?;ar cane tops asan alternative for 

other forages seems to offer an answer to the problems \Vhicl1 

the dairymen must face during certain periods of the year. 

It la thus necessary to be able to evaluate these kinda of 

forages more aceurately in aecord with requirements related 

to level of perforftlanee. 

• 



• 

• 

• 

55 

According to Conrad (1966) the total value oí a foraga 

depends upon many characterietics, the most important are 

those which contribute to energy availability including: 

1) Factors contributin¡; to the quantlty of faed consU1lled 

per Imit time by animal and 2) Factors contributing to the 

avai labi 1 i ty of energy per Imi t of feed cons\lIlIed. lndi v1-

dual characteristics of fora~es may affect both sets of 

factors 1)ut not necessarily to the ·same degree. 
- - - ... 

The objectives of this exreriment were to determine 

whether a native and ea.sily available energy feed, sucl! as 

yucca (Manihot esculenta), coule! efficiently replace corn in 

supplements for heifere between eight and sixteen lIlonths of 

age fed sugar cane tops as tbe sole roughage. The growth 

rates of the experimental anímals were compared to growth 

etandards (Matthews and Fohrman, 1954; ilagsdale, 19)4). 
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I;rowth of Üairy Heifers 

According to Joubert 095l.}), an adequate ration increas­

es the rate of growth, especially weight, hastena the time 

of maturity, and allows the ani~aI to develop to the full 

lillit of its inheritance. liowever, it should be pointed out 

that the most íllportant considerations in the grawth of dairy 

anill1ala are those which influence reproduction and lacta.tion. 

Growth in lJody wei;¡:ht, aside froll its effeet on reproduction 

and lactation, la of only limited importance. The optimum 

~rowth pattern for da.iry heifers ia that regilllen which will 

develop in tbe heifer ller full Inetation potential at a de­

aired all:e and at a minimu:n of expenRO (~wanaoJ1. 1967). Ac­

cording to Grichton et al. (959). appearance of puberty is 

directly and positively related to rate of growth and is de­

pendent on size more than a.;e. first estrous in liolsteins 

has been reported to accur between weights froJll 250 to 274 

kg. At fast growtb rates, averagin¡¡; 0.9 kl!; per day, puberty 

appears a.t about 9 1Il0nthli in Holsteine (Heid et n.l., 1959). 

However, Reid tl al. (1964) did not find significa.nt differ­

ences in conception rates of slowly and rapidly ~rowing 

heirers. l~ifer8 growin~ rn.pidly enough to cyele at 14 
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months of age should be expectad to conceive readily when 

bred. 

57 

Calving problems are inverilely related to the size and 

physical condition of the heifer. In a comparison of slowly 

growing with normally ~rowing identical twina at Tennessee, 

20 percent of the low-plane heifers were lost at 24 monthe 

due to cal ving difficul ty (;:;wanilon and Hinton, 1964). In the 

liew York study by ¡{eid et al. (1964), none of 31 low-plana 

heifars were loet when calving at 32 months of age, but 50 

percent required aid during parturition; 1I'11ereas, only 25 

percent of the normal anct lligh plana of nutrition heifers 

frequired assistance. Thase observations have been confirmad 

also with identical twins by ;:;wedish invBstigators (l~nsson, 

1956). Since difficult birth in heifers frequently resulte 

in the loss of a calf or a poor Iitart in lactation, or both, 

it 18 recommended that a good nutritional level be provided 

all hei fers for a t least 2 l10llths before cal ving. 

According to ~~ansoll (1967), the major features of an 

economical growing regimen for dairy heifers producing opti­

m~ lactations are outlined as: a) a moderately slow growth 

rate of heifar calves resultillg in just enough bOdy size and 

development to a110w breedina: at 14 months, b) continua the 

slow growth rate, possibly on roughage feed only until 9 to 

12 weeks prepartum, e) gradually increase the level of feed­

ing by adding eoneentrates, so that the heifer ia gaining 

welg;ht rapidly befare calving, d} continua feeding the 
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haifer liberally through the first laetation, to allow for 

growth as well as laetation. 

Ori¡¡;in of Yueca. (Manihot Eseulenta) 

Table 7. Oommon Names for Yucca, Countries ~rowing, and 
Areas Under Cultivation. 

COKlmOD. 
Names !I 

Yueca 

Guacamote 
Caxcamote 
Macaxeira 
Mañoco 
Yueuta 
Cassava 
Tapioca 

!/ estrada 
YVoght and 

Countries 

Caribean Islands, 
colombia, Gentral 
America, Ecuador, 
Peru 
Mexico 
Guatemala 
Brazil 
Puerto liico 
The Antillas 
U.S.A. 
l!Jlgland, U.S.A. 

et al. (1970) 
Peññe~ (1963) 

Approximate Area Uedi­
cated/to Cultivation, 
ha. ~ 

brazil 
Colombia 

India 
Indonesia 
Paraguay 
Africa 

1,600,000 
180,000 

250,000 
1,500,000 

90,000 
4,000,000 

Accord1ng to Mejia (1960), the cultivation of yucca. i¡;¡ 

common in the equatorial nnd tropical regi0I18 of Latin Amer­

ica and tlle Car1bbean Islanda. In certain Asiatic colonias, 

1t has been recently introdueed. According to Estrada et 

al. (970) yucca originated in tiJe Amazon hay and was taken 

from there to Atrica wllere ah.ost tour JI1illion hectares are 

cultivated tOday (Table?l. In :';outh Ámarica it le very com-

mOll in countries such as Argentina, Brazil, ColoJllbia, Ecua.-

dor, Paraguay, Peru and Venezuela. Voght amI Penner (1963) 

indicated t11at Erazl1 may t'e considered as the country where 

yucca originated but that todllY it la cultivated in a11 the 
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tropical regions and when tne Spaniards arrived in America, 

yucca wa8 already established in tIle Caribbean Islands, and 

in Central a,nd ;:>outh America. 

e1i.~te and ;:>oils 

According to Mejill. (1960), yucca originated as a tropi­

cal plant and is 811.si ly adapted to the different tell1pera t.ures 

of the tropics and for this reason it is a hi!1:h yielder in a 

range of enviromnental temperatures between 16 and Jooe. Of 

course, there exist different varieties which give better 

results lit 11 given temperature. Yucca is very resistant and 

not very de mandim; as to the chemical composi t ion of tlle 

soi ls, especially in tropical so1 ls. However, since i t i8 

a plant whose most va.luable portion is located underground, 

100se and well-drained soi1s are more desirable. 

based UPOl1 tlle resea.rch conducted on its cultivation, 

(t;strada et al., 1970), i t has been concl uded tha t .,ore a t­

tention ought to be given to the·physical conditions rather 

than to the chemical conditions of the soils. 

Yucca requires temperatures between 16 to J50C and rain 

for i ts growth during the first Rlonths, then a dry sea son ls 

convenient for the translocation of tha carbohydrates, or the 

movement of the starches froll! the leaves down to the roota 

~strada et al., 1970). 

Ospina (1960) reported that sandy loall! soils and clay 

loalll soils are best suited for the cultivation of yucca with 

the fOrDler being more efficient for high yields. The 
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choosing of the land, cultivation practices, physical charac­

terietics of the soils, alt1tude a.bove sea leve!, and clilll8.­

tio condi tione Dluet be considered for better resulte, (Mon­

tejo, 1940). The B10st appropr1ate soils appear to be those 

that are dry, exposed to stmlight, protected against strong 

winds and sl1ghtly sloping to faci li tate drainage (CO!ODl, 

1939) . 

Planting Metllods 

According to Estrllda amI Varon (1970), even though 

yuooa. produces fertile seeds, vegetative propogation is tlle 

cODlJl1eroial method, utilizing stalk pieces Irnown as "sticks," 

"pies" or "cangres." The sticks .1Ust be planted slightly 

incl ined or )lent and wi th about 8 to 12 inches rel1aining above 

ground level. Planting ehould be shallow in order to faoili­

tate harvesting which is sOJllellow difficul t when the roots 

are too deep. Distances between rows must range froBl 12 to 

15 inches and between planta from 15 to )0 inches. In the 

early stages of growth the use ol weed killers 18 recommended. 

After two montlls oí growth the shade forllled by the TJlant 

controls l'I'eeds. 

Fertiliza.tion 

A 10-)0-20 (~-P-K) fertilizer applied at 11 level of 400 

to 500 kg per ha. significantly increases y1elds. A 10-30-10 

can also be used at 500 k~ per ha. (Estrada and Varon, 1970). 
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Diseases 

Only two diseases are known to have some i~?ortance, both 

of them are produced by parasite fungi; the first af them 1s 

causad Cercaspora Henni!ljsii Allescb1 which appears when the 

leaves have already matured and causes 11ttle damage. nle 

second is due to the CloscosuropiUJl1 Manihot, earIe that ini­

tially attacks and kills the highest a.nd il!U!lature branches 

and then continues clown causing a lot of damage (COIOIll, 

1939) . 

Harvest 

Age for harv8sting i8 variable and very dependent on 

the different varietie8. It ranges from ten to twenty-two 

lI'lOnth8. The leaves do not wither and the harvestina; can be 

done over a period of several months. If the yucca 18 to 

be used as foad for humana or animals, it 81USt be harvested 

early. If it 1s ~oing to be used for starch extraction, the 

harvesting; can be delayed depending on 1añor 01' aeason. 

Mechanical harveating is known to be more efficient with va­

rieties of yucea with short roots. ~le stalks lIlust first be 

cut for an easier machine job (l!;strada, 1970). 

The main faetore determining the harvesting date are 

the starch content of the roots and how they will be used. 

Yucca, whose roots are to be usad for starch product10n, must 

be harvested when the roota have achieved complete maturity 

and development since the content of starches varies with the 

8.ge of the roots (Colom, 1939). 
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Yields 

According to üspina (1960), yields vary with tile varie­

t1es and the cli1nate and Boíl conditions. The yield range 

i8 wide and it may vary from 11 to RO tons of yucca roots 

per hectare. This outstanflin¡¡; amount of high-energy dry 

natter per unit of 1and mak~s it very pro~ising as an energy 

source for livestock. 

Use of Yucca 

Yucca i8 used in tile human diet, as feedstuff for ani­

mals, in cOD\lllercial production of starches, in starchyllleal 

industries, in the fabrication of glucose, dextrin and alco_ 

hol, a,nd as a substitute for ba.rley in the beer industry 

(Ji:strada and Varon, 1970) . 

According to Hogers (965), of all the plants used ex­

tensively as human foode, yucca ie the least knoWl1. Corn, 

beans and cucurbites a11 are major elelllents in tha diet of 

large segments of temperate ano tropical pOllu1ations. These 

have been extensive1y studied, not on1y frolll a botanica1 and 

etnological etandpoint, but all'1o agronomically by nany work­

ers. Yucca l;I.seumes major importance in 10w1and tropical 

are as alllong peop1e of re1ative1y 1011' econolllic status. Tile 

only product of yucca that le at all we11 known to temperate 

zona people ie a minor starcby material called "tapioca." 

Rogare (1963) proposed that yucca first become an 

important elelllent in the diet of lowland tropical people 

liIomewhere in the Meso-American cOlllplex and wae d1stributed 
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from there to tha othar portions of its present-day range. 

To millions of inhabitants of the tropical countries, yucca 

is as common in the daily rood as potatoes are to the North 

Americans a,ud Buropeans. 

Accordin~ to Oyenuga (1955), when ~Jcca i8 eroployed ae 

rood, only the "slI'eet" varietiee must be cultivated since 

they contain less hydrocyanic sctd. As livestock reed it ie 

recommended in cOJllbinat ion wi th brs.ns, cottonseed meal or 

cake, and other sourcea of nitrogen in order to balance the 

protein of tha rations. 

In swine feeding, the digestibility and tha atarch coh­

tent of yucca (Table 8) have been found to be very high. 

Si~nificant body weigllt gaina have been rapidly achieved 

when yucca was uaed (Ospina 1960). In one experiment conduc­

ted by Maner et~. (1970) freeh chopped yucca was red free 

choice with each of six different nrotein eupplel!!ents to 

weanl ing pige durin¡z: a lll-day trial. Average daily I!ains 

ranged from .59 kg for yucca plus cottonseed meal Bupplelrlent 

to .73 kg for yucca plua meat and blood meal Bupplement. 

l'l1e averaa;e daily consumption of yucca by pir,s ranged 11e­

tween 3.1 kg and 4.1 kg. The feed/gain ratio ranged between 

3.07 amI 3.47. 
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Table 8. Chel1ical Composition of Yucca 

Dry matter, % 
Cruda protein, % 
~ther Extract, % 
Crude fiber, % 
Nitrogen-free extract, % 
Aen, % 

1//compo8ition on a rlry matter basie. 
~IColombian Institute of Agriculture 
.uAlba~ 0.954). 

1CA'f./ 

35.00 
3.96 

.95 
4.93 

86.25 
3.91 

ICA ( 1965 ). 

64 

Albal / 

87.0 
2.5 
1.6 
1.9 

80.0 
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1L\TEHIlILS AND METHODS 

An exuerin¡imt wi tll twenty 8-month -oId HoIstein heifere 

was conducted at the tlle "Palmira" Ex1)eriment .:3tation of the 

Colombian Insti tute of Agricnl tl1re (ICA). The Experiment 

Station is located at 1000 meters alJove sea level, with an 

average temperature of 230 C and an annual rainfall of 1005 

millimeters. Tlle twenty heifers were selected from the Ex­

periment Station lierd and aseigned at randolll to two treat­

ments to compare yucca aml corn grain as sources of energy 

in the supplement. 

The two treatmentA consisted of: Group 1, control an­

imals fed su/!,ar cane tops ad libitum plus 3.0 k[; daily of a 

concentrate (Table 3) in which the energy source was pri­

mari ly corn ~rain. The concentre,te contained 1.5% urea on 

as fed basie. Groun 11, animaIs fed sugar cane tops ad libi­

tum pI11s 1.23 kg of a concentrate (Ta,l>le 9) and 4.5 kg of 

yucca containing 35% dry matter. 

The dry matter intake from supplement was 2.64 kg par 

day for animale in uoth groupe. In group II, the dry II\8.tter 

8upplied by corn "as repIaced by an equal aaount of dry mat­

ter 8upplied by yucca. Urea was utilized in thi» ration in 

an amount equivalent to that in the control group • 
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The eugar cane tops were harveated daily from a nearby 

augar cane rield. The material used ae forage was the top 

part 01 the augar cane plant, the material remaining after 

the sugar cane stalks had been relllOved for processing of 

sugar. The augar cane tops contained the leaves and the 

upper part of the stalk which le enclosed between the leaf 

sheath. 

The sugar cane tops were chopped, weighed and fed to 

the heifera on ~1 individual basia. The animals were red 

twice daily and tlle refusals were recorded daily every morn­

ing before feeding. The concentrate wae fed every morning 

mixed with the augar cane tops. 

The yucca was harvested every morn1ng, free from dirt, 

cllopped in small piecea, weighed and fed to the experimental 

heifere. Each animal had free accesa to water ane! IlÍneral­

ized sal t. ' 

Individual feed intakes of sugar cane topa, coneentrate 

and yucca were record.ed for a11 the ani_ls daily during the 

experimental period of 224 days. Samples or sugar cane topa, 

yucca and concentrate were taken daily, weighed, dried, ¡round 

and atored to make eomposite samples to be analyzed every 28 

days foro dry matter, crude protein, ether extract, erude 

riber, aah and nitrogen-free axtract (A.O.A.C., 1965). 

Body weights were recordad ever)" 28 days and the animals 

carefully observed for the appearance of first and subse­

quent estroua eycles. 
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The statistical analysis was an ANOVA oí the co~letely 

randomized disign (Steel and Torrie, 1960). 

Tab1e 9. Composition of Supp1ements Fed1/ 

Ingredients Group Ig} Group IIg} 

Yellow corn, 1> 
¡Yheat bran and dried 

lIo1asses mixture, 'fo 
Cottonseed cake, 'fo 
Urea, 'fo 
Bone mea1, % 
Microelements mixture, % 
Total 

59.0 

24.0 
13.0 
1.5 
1.5 
1.0 

100.0 

28.2 
61.1 

3.7 
4.6 
2.4 

100.0 

l/As fed basia. 
g} Graup 1 receive!l 2.64 kv; su-pplementjday dry matter basili!. 

Group II recei ved 1. OH kg DM grain l'IIixture plus 1. 56 kg i.JM 
from yucca. 
Both groups received 2.64 k" DM/day from supplement . 

Calculated Chemica1 Analysis 

Crulle protein, 'fo 
Total disestible nutriente, % 
Calciurn, % 
Phosphorus, % 

18.0 
71. O 

.5 

.5 

40.18 
60.0 

1.3 
1.3 



• 

• 

• 

68 

R~8ULTS AND UISCUSSION 

The experimental animal!!! fed yucca as a replacement for 

corn grain on a dry matter basis in the concentrate, had 

higher body weight gains than the control animals. Statis­

tical analysis of body weight gains showed a significant 

difference (P...,;.05) in favor of the yucca-fed heifers during 

the period of time ootween ,eight and sixteen months of age 

(Tabla 11). The rate of growth of tlle control and the ex­

perimental animale was similar to tha rates reported for 

Holstein heifers of the same ages by Beltsville (Matthews 

and }'ohrman, 1954) amI Missouri (Ragsdale, 1934) as shown in 

Fig.lO. 

No statistically significant difference was found 00-

tween the groups in the consumption of augar cane tops during 

the experimental periodo However, on a dry matter basia, a 

slightly higher amount of !!!ugar cane tops was consumed by an­

illlals in the control ~roup ('rabIe 11). The reeul te indicate 

that even though the experimental animals consumed slightly 

less forage and a similar amount of dry matter from concen­

trate as compared to tIle controla, tIle average body weigIlt 

gains during the experimental period were 186.7 and 175.9 

kg, respectively, for the experimental and the control groups. 

These differences were statistically significant (P~.05). 



• 

• 

• 

~ 
J: 
el 

380 

360 

340 

320 

W 280 
~ 

>-o 
o 
!Xl 260 

240 

220 

200 

o 

. 1 
/./ 
./ 

// 
/'/ . / 

/ / 
. I 

// . / 
/ / 

/' " 
/ / . , 

/ ' • I " 

/ ,,' 
I I 

. 1 

/ / 
/ ,'.' 

. l" 
/ 1 .... 

/ '.' l.' 
l.' 

/ 
l.' ,.' . ,. 

/ / 
. .1 

I .', .', 
l · .. ', . , . . , 

I .. ' I 

/ .. ' / 
.' , , , 

1 
1 , 

GROUP r (Control) , , 
GROUP Ir (Experimentol) , -------

l 
BELTSVILLE STANDARD '-'-'-'-

............... MISSOURI STANDARD 
"/ 

240 268 296 324 352 380 408 436 
AGE (doys) 

69 

b / . 

464 

Figure 10. Body Weight of Animals According to Age Comp3red to 
Two Growth Standards. 



• 

• 

• 

70 

The resulte aleo indicate tbat sugar cane tops are a 

suitable rougbage substitute for growing dairy heifers and 

permit to expect satisfactory rates oí growth whan fed with 

an adequate supplement. On tlle othar lland, it appears that 

yucca, as a sourcs of snergy (Table 10), may be used 808 a 

replacement for corn grain, on a dry matter basie, in the 

formulation oí concentrate Mixturea for growing dairy 

heifers up to firet breeding, with growth rates approaching 

the current ·standards for growth of heifera (Fil?;. 10). 

Figure 12 shows the average daily protein intake oí both 

the control and the experimental groups related to body 

weight and compared to NAS-NHC (1966). The data show that 

even though the experimental animals consUJlled s1ightly lower 

amounts of protein per day intaIcea of protein from the eup­

pleMent and the sugar cane tops were actequate to aIlow tho 

animals to grow at a rate comparable to published standards 

(Matthewa and Fohrman, 1954; Ra,gs(lale, 19)4). 

Table 12 shows the reproductive perforlll8.nce of the 

heifers in experimento The animals began to show signs of 

estrous at 11 months in both groups. The average age for 

first detected estrous was 11.1 and 11.3 months for the 

control and the experiMental animals, respectively. The 

number of services per conception was 1.88 arrd 1.77 for 

groups 1 and 11, respectively. At the conclusion of the ex­

periment, eight animals were diagnosed pregnant in the con­

trol group and nine in the experimental group. The remainlng 
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three heifers were recently bred and no diagnosis oC preg-

nancy was made. 

Table 10. 

Itero 

Average Chemical Compoyttion of the Feede Used 
During the Experiment. I 

Yucca ~P. 

73 

:':;ugar 
Cane 
'rope 

Control 
Concentrate Conoentrate 

Dry matter, '!o 28.00 35.00 8il.00 88.00 
,-,rude protein, % 4.3G {77 18.10 40.00 
Crude fiber, , 

}1.48 .68 5.80 9.90 ;.:.J 

<:ther extract, % 1. 61 .90 a· 2O 2.70 
A811, % 7.87 3.69 .20 5.80 
Nitrogen-free 

extrac-t, % 54.68 86.96 68. (O 37.62 

lIDry matter bs.sis. 
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Table 11. Average Daily Feed Intakeg andWeight Gaína oC 
lleifers. 

Item 

Numher oC animal,. 
Initial body weíght, kg 
Final body weight, kg 
Body weight gaína, kg 
Average daily gaín, kg 
Dry matter intakes from: 

Sugar cane topa, kg/day 
Concentra te , kglday 
Yucca, kg/day 
Total, kg/day 

l'rotein intake [;IB/day 

1 (Control 

10 
191.8 
366.8 
175.0 

.781 

!~. 82 
2.64 

7.46 
667 

*SigniCicantly different (P¿.05). 

Grou! ' 
1 1 Experilnental ) 

10 
190.6 
377.3* 
186.7* 

.S33* 

4.17 
l.OH 
l.56 
6.81 

672 
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Table 12. Sexual Maturity and Reproductiva Performance of 
Heifers. 

75 

1 (Control) 
Group 
JI (Experimental) 

Number of anímale 
Average ai~e at firet de­

tected heat, months 
Average age at fírst 

breeding, months 
Avera.~e body wei,~ht at 

first breeding, kg 
Animals diagnoeed preg­

nant, no. 
~ervices per conception, no. 

10 

11.1 

15 

.352.9 

8 
1.88 

10 

11. 3 

14.5 

355.9 

911 
1.77 

!I 'l'he remaining heifers lfere recently bred for the firat 
time. 
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GEN EHA L SUAL\!.A R y 

Tlfo experilllente were conducted in Colomhia, South Amer­

lca: 1) to determine the effeete of urea on production and 

reproductive performance of dairy cowe when incorporated, ae 

a eource of protein, in the concentrate grain mixture; and 2) 

to eva1uate the eubetitution of yucca (Manihot Esculenta) for 

corn ae a source of energy for growing dairy heifere. 

On the urea experiment, twenty-four Ho1stein dairy cowe 

were assigned at random to three treatlllents; 1) control, Il) 

)) percent of the eupplelllentary protein from urea, and lll) 

66 percent oí the eupp1ementary protein from urea. Corn 

eilage wae fed aS the sole forage. The experiment was ini-

tiated about one month prepartum and continued through one 

1actation to 140 daye into the eecond lactation. 

Statistica11y eignificant differencee (p¿.05) were 

found in overa11 concentrate intake during the firet )05-

day 1actation period between the control and the experi-

" mental groupe. Differences in intake were not elgnificant 

during the second la.ctation periodo Concentrate intakee 

were 1869.4, 1548.5 and 1619.4 kg, reepectively, for cows 

in groupe 1, II and 111 durin¡ the first lactation periodo 

Intakee of urea averaged O, 118, and 216 ¡. for cows in the 

reepective ) groupe. 
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Milk yields were 5457.9, 4915.9 and 5120.7 k&, respec­

t1vely, for cows in groups 1, 11 and 111 during the first 

305-day lactation. Highly significant differences (PL:. 01) 

in percent milk fat were found between the ¡roups durillg 

both lactat10ne. Average milk fat percentages were 3.45, 

3.54 and 3.74 for the firet lactation and 3.44, 3.61 and 

3.70 for the second lactat10n for groupe 1, 11 and 111, re­

spectively. No significant differencee were found in fat­

corrected milk produced .. 

Statietically eignificant differencee between groupe 

were found in blood eerUlll levele of Ca, P, K and urea, par­

ticularly, immediately after parturition. Animale in the 

high urea group «(~roup llI) consistently had the loweet 

levele of Ca, P and K, and the highest levele of hlood urea 

nitrogen (BUN). BUN increaeed as dietary levels of urea in­

creased. No significant differences were found in blood 

serUlll Mg. 

Number of eervicee required par conception were 1.50, 

2.75 and 3.66 for thefirst period and 1.57, 2.71 and 2.25 

for the eecond period, for groups 1, 11 and 111, reepec­

tively. In group 1, one cow aborted, was rebred and had a 

normal eecond parturition on experimento All animals in 

this group conceived after the eecond parturition on experi­

ment. 

In group 11, one cow aborted, 7 calved a eecond time and 

all 7 were dia~noeed pregnant after the second parturition 
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on experimento In group 111, 2 cows aborted, 2 did not con­

ceive after 5 and 6 ineeminations, respectively, and 1 cow 

died at time of second parturition. Unly J cows entered a 

second lactation. The J mentioned cows and one of the ani­

male that aborted were diagnosed pregnant a second time. 

Un the energy experiment, 20 eight-month-old' tloletein 

heifere were aSilig:ned at ran<lom to two treatmente: Group 

1, corn grain ae the main supplementary energy source; and 

group 11, yucca (Manihot ¿sculenta), eubstituted for corn 

ona dry matter basis. ~ugar cane tope were uBed ae the 

eole forage in both sroupe. 

titatistical1y eignificant differencee (P4.0S) were 

found in body weight gaine in favor of the yucca-fed heifere 

between 8 and 16 months of age (224 days). Avera~e daily 

weight gains were .781 and .833 kg, respectively, for groupe 

1 and 11. Feed intakee, on a dry matter basie, were similar 

in both groupe. 

Average age for the firet breeding was 15 and 14.5 

monthe and average Bervices per conception were 1.88 and 

1.77 for groups 1 and II, respectively, 

< 
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Tab1e 13. B100d Serum Ca1cium Leve1s of Anima1s in Group 1 At Different Stages of Lac-

tation (rng/l00 mI) . -- - --

~~~~ ~ft~r P~rtYritiQD 
Animal Initial 
NUmber Sarople 2 28 56 84 112 140 168 196 224 252 280 308 

E1.t:~t L .. l::t .. tioD 
6600 10.02 9.55 10.05 10.01 9.98 9.36 10.63 11.00 11.01 10.89 10.70 11.37 11.06 
6249 9.86 9.00 9.60 9.87 9.81 9.83 10.70 10.68 10.93 11.00 10.47 10.78 10.04 
6511 10.30 9.40 9.71 10.06 9.94 10.00 11.01 11.33 11.02 10.48 10.66 10.91 10.73 
62120 9.71 8.71 9.40 9.54 9.83 9.81 10.36 10.39 10.90 10.26 10.07 10.60 10.59 
6214 9.91 8.95 9.41 9.73 9.86 9.92 9.60 9.87 10.91 11.02 10.87 9.94 10.06 
62156 10.01 9.30 9.67 10.31 10.40 10.31 10.47 10.27 10.33 9.86 10.01 10.46 10.39 
62163 9.87 8.75 9.31 9.52 9.87 9.84 9.79 9.63 10.43 9.61 9.54 10.00 9.86 
6063 9.60 8.42 8.85 8.80 9.11 9.41 9.04 9.15 10.15 9.36 9.50 9.95 9.87 

Ave. 9.91 9.01 9.50 9.73 9.85 9.81 10.20 10.49 10.71 10.31 10.22 10.50 10.40 

~~~QDQ L~l::t~tiºD 
6600 
6249 9.20 9.48 10.00 10.16 10.25 10.36 
6511 9.43 9.63 10.02 10.03 10.20 10.29 
62120 9.31 9.47 9.85 9.96 10.05 10.21 
6214 9.42 9.36 10.05 10.20 10.35 10.51 
62156 9.40 9.50 9.90 9.91 10.15 10.28 
62163 9.39 9.45 10.01 10.30 10.30 10.39 
6063 10.35 9.60 9.47 10.49 10.45 10.41 

Ave. 9.51 9.50 9.90 10.15 10.25 10.35 

00 
~ 
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Tab1e 14. Blood Serum Calcium Levels of Animals in Group 11 at Different Stages of 

Lactation (ma/10Q mI) . ----- - - --

~~~~ aft~~ fa~t~~1t1on 
Animal Initial 
Number Sample 2 28 56 84 112 140 168 196 224 252 280 308 

F;i.~~:t L~~tat;i.Qn 
6509 9.31 8.86 9.01 9.46 9.53 9.89 10.00 10.46 10.40 10.06 10.20 10.29 9.80 
6611 10.30 9.05 9.00 9.95 9.97 10.02 9.98 10.02 10.36 10.40 10.32 10.26 10.05 
6419 10.34 9.83 9.77 9.76 10.31 10.48 10.40 10.37 10.65 10.61 10.41 10.30 10.40 
6521 9.96 8.71 8.96 8.49 9.63 9.88 10.02 9.97 10.00 9.87 9.66 9.86 9.77 
6466 8.94 8.04 8.43 9.20 9.72 10.00 9.80 10.00 9.99 9.30 9.69 10.00 9.94 
6455 10.33 9.35 9.20 10.00 10.46 10.45 10.33 10.29 10.71 10.33 10.52 10.34 10.15 
6605 10.41 8.60 8.94 9.77 9.98 9.79 9.92 10.04 10.52 9.89 9.76 9.96 9.33 
6671 8.89 8.13 8.77 9.37 10.00 9.58 9.56 10.61 10.97 9.95 9.28 9.79 9.94 

Ave. 9.81 8.82 9.01 9.50 9.95 10.01 10.00 10.22 10.45 10.05 9.98 10.10 9.92 

~~~QnQ L~~:ta:tiQn 
6509 9.41 9.61 9.80 10.06 10.00 10.35 
6611 10.01 9.98 9.91 9.86 9.98 9.71 
6419 9.33 9.46 10.00 9.75 10.12 9.67 
6521 9.06 9.55 9.69 9.89 9.90 10.31 
6466 9.37 9.76 9.86 9.91 10.02 10.06 
6455 9.56 9.45 9.63 10.21 10.15 10.22 
6605 
6671 9.06 10.09 9.37 9.62 9.91 9.07 

Ave. 9.40 9.70 9.75 9.90 10.01 10.00 

00 
00 
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Table 15. Blood Serum Calcium Levels of Animals in Group 111 at Different Stages of 

Lactation (ffiQ/I00 mI). ----------- --------_._-----~-

----- n~~~ ~¡t~~ Pg~tu~1t1Qn 
Animal Initial 
Number SalllDle 2 28 56 84 112 140 168 196 224 252 280 308 

f:1~:;¡t ¡, .. ¡;;t,;¡tiQD 
6621 10.01 9.19 9.15 9.46 10.00 10.01 10.54 10.21 10.11 9.91 10.22 9.55 9.89 
6528 9.86 8.54 8.96 9.21 9.48 9.40 9.85 10.30 9.95 10.00 9.91 9.81 9.60 
6601 9.53 8.47 8.78 8.86 9.36 9.54 9.60 9.91 10.00 10.26 9.89 9.83 9.41 
6149 10.20 9.15 9.00 9.77 10.03 10.15 10.09 10.12 10.36 10.04 10.12 9.95 10.05 
6647 9.38 8.70 8.95 9.17 9.28 9.51 9.61 9.89 9.87 9.51 9.89 9.76 9.76 
6437 9.76 8.67 8.69 8.96 9.35 9.70 9.83 9.76 9.96 10.15 9.78 9.90 9.58 
6584 9.66 8.66 9.06 9.31 9.60 9.81 9.69 9.84 9.44 9.79 9.71 9.68 9.50 
6612 9.44 8.40 8.85 9.66 9.62 9.47 9.68 9.72 9.91 9.57 9.93 10.00 9.80 

Ave. 9.73 8.72 8.93 9.30 9.59 9.70 9.86 9.97 9.95 9.90 9.93 9.81 9.70 

SeS:;QDQ. ¡'~¡;t¡¡t;i.QIl 
6621 9.11 9.52 9.50 9.70 9.77 10.00 
6528 • f -- ... 
6601 
6149 8.94 9.33 9.31 9.43 9.63 9.71 
6647 
6437 
6584 
6612 9.18 9.35 9.55 9.69 9.73 9.82 

Ave. 9.08 9.40 9.45 9.60 9.71 9.85 

co 
'-D 
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Table 16. Blood Serum Phosphorus Levels of Animals in Group 1 at Different Stages of 

Lactation (mg/l00 rol) • 
~- ~--_._- ------ -- - - -- -------

DQ~~ ~fte~ ~g~ty~¡t~oD 
Animal Initial 
NUmber Sample 2 28 56 84 112 140 168 196 224 252 280 308 

~1~:;¡:t Las::t,gj;j,QD 
6600 6.30 4.41 4.67 4.12 3.88 4.21 4.96 4.49 4.56 4.89 5.12 5.00 5.12 
6249 4.85 3.96 4.32 4.52 4.86 4.78 3.98 4.01 4.30 4.81 4.93 4.70 4.69 
6511 4.96 4.13 5.01 4.99 5.46 6.03 5.12 4.36 4.57 5.40 5.20 4.24 4.53 
62120 5.26 4.10 5.41 5.31 5.37 6.31 7.02 6.48 5.63 4.93 4.78 4.36 5.04 
6214 5.31 3.96 4.32 4.43 4.64 4.89 5.01 4.80 4.63 4.88 4.66 4.93 4.88 
62156 4.83 4.29 4.01 4.46 4.57 4.47 4.40 4.64 4.36 4.38 4.50 4.40 4.51 
62163 3.95 3.80 3.90 4.39 5.36 5.16 5.00 5.15 4.83 4.90 4.91 4.76 4.66 
6063 5.51 3.75 4.44 5.37 4.98 4.96 4.58 4.63 4.40 3.83 4.29 4.01 4.98 

Ave. 5.12 4.05 4.51 4.70 4.89 5.10 5.01 4.82 4.66 4.75 4.80 4.55 4.80 

~nd Lactation 
6600 
6249 4.35 4.40 4.53 5.13 5.17 5.03 
6511 3.93 4.51 4.90 4.86 4.88 4.76 
62120 3.99 4.20 4.34 4.53 4.63 4.52 
6214 4.06 4.87 4.81 4.60 4.61 4.63 
62156 4.43 4.70 4.12 4.79 4.70 4.58 
62163 4.05 4.33 4.36 5.00 4.99 5.04 
6063 4.42 4.98 5.49 4.70 5.04 4.27 

Ave. 4.16 4.60 4.65 4.80 4.86 4.69 

'C o 
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Table 17. Blood Serum Fhosphorus Levels of Animals in Group 11 at Different Stages of 

Lactation (ma/100 ml). -- - - ~----~---------

D":iil .. fte¡: p¡¡¡:t;JJ.r.:Hio[l 
Animal Initial 
Number Sample 2 28 56 84 112 140 168 196 224 252 280 308 

E;i..¡:;¡ :t !.. ¡¡ ~ j; ¡¡ t;i. Q ri 
6509 6.03 4.36 4.37 4.29 5.21 4.86 3.71 3.89 3.70 3.66 4.36 3.99 4.31 
6611 5.30 3.80 4.06 4.17 3.99 4.20 5.02 5.12 5.46 4.51 5.20 4.86 5.20 
6419 4.96 4.01 4.00 4.16 4.21 4.16 4.19 4.36 4.86 4.20 3.86 4.17 4.36 
6521 4.87 3.79 3.95 4.12 3.86 4.12 4.61 4.49 5.04 5.03 4.70 4.65 5.05 
6466 5.20 3.99 4.15 4.31 4.20 3.98 3.98 4.12 4.43 3.96 4.31 4.07 3.90 
6455 3.99 3.71 3.89 4.45 4.37 4.30 3.88 4.36 4.74 4.06 4.00 4.12 4.36 
6605 4.86 4.02 4.15 4.10 4.16 4.13 4.03 4.89 5.00 5.82 4.70 4.63 3.00 
6671 6.80 3.92 4.31 4.73 4.79 5.36 6.43 4.77 4.75 4.51 4.96 4.63 5.03 

Ave. 5.25 3.95 4.11 4.29 4.35 4.39 4.48 4.50 4.75 4.47 4.51 4.39 4.40 

~e¡;;Qo.g L¡¡¡;;:t; .. :t;;i.O[l 
6509 4.12 4.36 4.30 4.67 4.63 4.31 
6611 3.36 4.60 5.02 6.10 5.93 4.79 
6419 3.50 4.01 4.23 4.08 4.13 4.00 
6521 3.47 3.99 4.18 3.99 4.06 4.33 
6466 3.52 4.70 4. &8 4.46 4.39 4.76 
6455 3.70 4.43 4.40 4.32 4.05 5.13 
6605 
6671 2.90 5.34 4.06 3.19 3.74 4.19 

Ave. 3.51 4.49 4.41 4.40 4.42 4.50 

\O ... 
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Table 18. Blood Serum Phosphorus Levels of Animals in Group 111 at Different Stages of 

D. ____ Lactatio~(mall00 mI) • 
1. 91 1.96 2.02 2.00 1.96 Davs aEter Par_turLtLon 2.03 2.00 1.99 2.08 2.05 2.00 2.12 1.98 2.07 1.86 1.9 Animal 1nitial 1.99 1.99 1. 97 2.09 1.94 1.90 2.02 2.06 1.85 2.0 Number ~S~Dle 2 28 56 _84 112 _140_ 168 _U16 __ 224 2~~ ___ 2J3(L _ _ 3illl. 1.87 2.19 1.94 1.87 1.94 

2.13 1.96 1.93 
1. 92 2.01 2.11 1.93 2.15 2.03 1.96 2.11 2.09 2.06 .L.~ First Lactation 1.96 2.06 2.06 2.01 2.10 2.08 1.95 2.0 2.00 2.10 2.05 1.90 2.09 1.94 6621 5.21 3.23 4.17 5.16 5.03 4.86 5.74 5.17 4.36 :;.43 5.08 4.93 5.00 

2.00 
2.11 1. 96 1.96 1.89 2.14 

2.03 2.1 6528 4.66 3.43 3.54 3.99 4.16 4.06 4.12 4.31 4.16 4.12 4.37 4.26 4.19 2.01 2.46 2.04 2.11 1.81 
1.94 2.00 2.0 6601 4.03 3.51 3.58 3.87 3.81 3.96 4.03 3.99 4.10 4.00 3.98 4.12 4.15 2.17 2.07 1. 75 2.0 6149 5.46 3.86 4.03 4.28 4.13 3.99 4.16 4.20 3.97 4.05 3.97 3.96 4.21 

1.96 2.04 6647 4.77 3.54 3.55 3.81 4.05 4.31 4.22 3.26 3.83 4.23 4.28 4.19 4.06 
2.10 2.00 2.03 1.91 6437 4.84 3.46 3.69 3.94 3.86 3.97 4.03 4.20 4.06 4.00 3.81 3.87 3.80 2.12 2.00 1.94 2.0') 6584 5.06 3.63 3.70 4.16 3.65 4.00 3.88 4.05 3.97 3.86 4.03 4.13 4.33 

11 • 6612 4.35 3.75 3.83 3.67 3.30 3.24 3.89 3.95 3.56 3.98 4.08 4.55 3.96 

1.98 1.90 2.06 2.03 2.08 3.55 3.76 4.11 4.00 4.26 4.14 2.00 1.93 2.03 2.03 Ave. 4.80 4.05 4.00 4.21 4.20 4.25 4.21 
1.94 2.05 2.01 2.05 1.91 1.98 

1. 94 1.90 
1.96 1.98 2.00 

1.96 1.96 1.98 1.99 Second Lactation 1.99 1.98 2.10 2.01 2.00 1.97 6621 3.15 3.46 4.00 4.12 4.33 4.20 2.01 1.95 2.04 1.97 2.08 2.05 6528 1.93 2.03 2.06 1.99 2.12 2.01 6601 
6149 3.61 3.87 3.89 3.95 3.90 4.00 

1.99 1. 95 2.04 
6647 

1.98 2.04 2.01 6437 
6584 
6612 3.00 3.32 3.62 3.91 3.91 3.64 

Ave. '3.25 3.55 3.84 3.99 4.05 3.95 

'C 
N 
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Tab1e 19. B100d Serum Magnesium Leve1s of Animals in Group 1 at Different Stages of 

Lactation (maIlOO ml) • 

~----- - Da~~ aft~~ Parturition 
Animal Initial 
NUmber Sample 2 28 56 84 112 140 168 196 224 252 280 308 

rÜ¡¡l; L¡g;tati.oD 
6600 1.85 1.91 1.96 2.02 2.00 1.96 1.99 2.08 2.05 2.00 1.98 2.13 2.12 
6249 2.01 2.03 2.00 2.12 1.98 2.07 1.86 2.09 1.94 1.90 2.06 2.08 2.06 
6511 1. 93 1.99 1.99 1. 97 2.02 2.06 1.85 2.13 1.96 1.93 2.11 1.99 2.01 
62120 1.90 1.87 2.19 1. 94 1.87 1.94 1. 93 2.15 2.03 1.96 1.97 2.15 2.16 
6214 2.05 1. 92 2.01 2.11 2.11 2.09 2.06 2.10 2.08 1.95 2.06 2.10 2.09 
62156 2.06 1.96 2.06 2.06 2.01 2.05 1.90 2.09 1.94 2.03 2.10 2.18 2.12 
62163 2.05 2.00 2.10 2.11 1.96 1. 96 1.89 2.14 1.94 2.00 2.04 2.14 2.12 
6063 2.15 2.00 2.01 2.46 2.04 2.11 1.81 2.17 2.07 1. 75 2.09 2.10 2.11 

Ave. 2.00 1.96 2.04 2.10 2.00 2.03 1.91 2.12 2.00 1.94 2.05 2.11 2.10 

S~~QDd La~j;atioD 
6600 
6249 1.98 1.90 2.06 2.03 2.08 2.03 
6511 2.00 1.93 2.03 1.94 2.05 2.01 
62120 2.05 1.91 1.98 1.96 1.98 2.00 
6214 1.94 1.90 1.96 1.96 1.98 1.99 
62156 1.99 1.98 2.10 2.01 2.00 1.97 
62163 2.01 1.95 2.04 1.97 2.08 2.05 
6063 1.93 2.03 2.06 1.99 2.12 2.01 

Ave. 1.99 1. 95 2.04 1.98 2.04 2.01 

\O 
w 
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Tab1e 20. B100d Serum Magnesium Leve1s of Anima1s in Group 11 at Different Stages of 

Lactation (rng/100 mI). 

~~~~ ~fte~ P~~t~~ltloD 
Animal Initia1 
NUmber Samp1e 2 28 56 84 112 140 168 196 224 252 280 308 

~Ü:¡t L~!::t¡;¡UQD 
6509 2.11 2.10 2.03 2.05 2.11 2.12 2.07 2.03 2.07 2.l3 2.11 2.08 2.03 
6511 2.10 2.08 1.95 2.00 2.09 2.09 2.05 2.10 2.08 2.05 2.01 2.00 1.95 
6419 1.98 2.00 1. 99 2.02 2.14 2.15 2.05 2.07 2.01 1.96 1.98 2.01 1.97 
6521 2.11 1.99 1.99 1.98 2.05 2.06 2.09 2.04 2.06 1.99 2.03 1.95 1.93 
6466 2.10 2.09 2.01 2.00 2.09 2.09 2.10 2.10 2.13 2.04 2.09 2.07 1.92 
6455 2.11 2.06 2.05 2.03 2.l3 2.12 2.02 2.05 2.06 2.01 2.07 2.01 2.02 
6605 2.07 1.93 1.98 1.99 2.08 2.10 2.04 1.99 2.11 2.05 2.00 1.99 2.03 
6671 2.l3 2.13 2.00 2.08 2.11 2.14 2.13 2.09 2.05 2.06 2.10 1.98 2.00 

Ave. 2.09 2.05 2.00 2.02 2.10 2.11 2.07 2.06 2.07 2.04 2.05 2.01 1.98 

Se¡;;ond ¡;'~¡;;:t¡;¡tion 
6509 1.95 2.05 2.08 2.09 2.10 2.l3 
6511 1.98 2.05 2.04 2.07 2.12 2.11 
6419 2.00 2.10 2.04 2.04 2.09 2.07 
6521 1.91 2.11 1.99 2.02 2.06 2.09 
6466 1.93 2.03 2.08 2.07 2.13 2.12 
6455 1.90 2.10 2.07 2.06 2.05 2.10 
6605 
6671 1. 97 2.06 2.05 2.05 2.14 2.16 

Ave. 1.95 2.07 2.05 2.06 2.10 2.11 

\O 
~ 
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Tab1e 21. B100d Serum Magnesium Leve1s of Animals in Group 111 at Different Stages of 

Lactation (IDQ/100 rnl). 

Dg~~ gft~~ Parturition 
Animal Initial 
Nurpber Samp1e 2 28 56 84 112 140 168 196 224 252 280 308 

;Ei¡;:¡¡t ¡,¡¡c:tgt;j,on 
6621 2.12 2.04 2.11 2.00 1.99 1.95 1.90 1.89 1.81 1.80 1.85 1.80 1.79 
6528 2.06 2.01 2.07 1. 91 1.90 1.91 1. 96 1.96 1.90 1.90 2.01 1. 98 2.01 
6601 2.09 2.04 2.08 1.88 1.89 1.94 1.89 1.95 1.91 1.83 1.93 1.89 1.88 
6149 2.10 1.99 2.05 1.89 1.80 1.86 1.88 1. 93 1.90 1.80 1.82 1.88 2.00 
6647 1.96 1. 95 2.07 1.86 1.81 1.83 1.84 1.83 1.83 1.75 1.84 1.80 1.95 
6437 1.98 1.96 2.10 2.01 1.82 1.81 1.85 1.84 1.81 1. 79 1.96 1.84 1.86 
6584 2.06 2.00 2.10 1.85 1.81 1.91 1.86 1.89 1.90 1.90 1.86 1.80 1.85 
6612 2.04 1.99 2.15 1.88 1.80 1.89 1.86 2.02 1.85 1.88 1. 97 1.88 2.00 

Ave. 2.05 2.00 2.09 1.91 1.85 1.89 1.88 1.91 1.86 1.83 1.90 1.86 1.92 

:;¡e¡;;onli ¡'g¡;;l;.gt;j,on 
6621 1.82 1.83 2.00 1.80 1. 95 1. 93 
6528 
6601 
6149 1.80 1.85 1.88 1.83 1.89 1.80 
6647 
6437 
6584 
6612 1.80 1.92 1.94 1.80 1.80 1. 79 

Ave. 1.80 1.86 1.94 1.81 1.88 1.84 
~ 
\J\ 
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Table 22. Blood Serum Potassium Leve1s of Animals in Group 1 at Different Stages of 
Lactation (ma/lOO mI). 

Da~~ afte~ Ea~j;;u~itiQn 
Animal Initial 
Number Samp1e 2 28 56 S4 112 140 168 196 224 252 2S0 3.08 

t:Ü .. j;; La!,;;j;;aJ;.iQIl 
6600 19.35 19.56 20.07 20.20 20.19 19.95 20.21 19.98 20.15 20.26 19.96 19.50 19.03 
6249 20.15 19.95 19.87 20.03 20.15 20.30 20.16 19.76 20.22 20.03 19.38 19.12 19.70 
6511 19.30 18.40 18.36 18.40 19.30 19.03 19.00 lS.88 18.79 19.43 19.67 19.2S lS.87 
62120 19.35 19.05 19.40 19.56 19.67 19.56 19.96 20.00 19.50 18.70 18.50 18.01 19.04 
6214 17.89 lS.50 18.81- 18.96 19.39 1S.90 19.01 19.19 19.43 19.67 19.40 lS.90 18.63 
62156 20.17 19.50 19.0S 20.15 19.50 19.67 19.30 19.46 19.04 19.00 19.15 19.04 19.00 
62163 lS.91 18.64 18.55 19.00 lS.84 19.06 19.41 19.21 19.40 lS.71 lS.96 18.70 17.99 
6063 20.10 19.00 lS.11 19.78 20.06 19.30 18.78 18.30 19.77 20.23 19.05 19.40 19.04 

Ave. 19.40 19.11 19.03 19.55 19.64 19.51 19.60 19.35 19.41 19.50 19.26 19.03 18.91 

Se~QDQ Lg~tgtl.QD 
6600 
6249 lS.60 19.00 20.15 20.18 20.25 20.01 
6511 19.03 19.15 19.20 19.76 19.86 19.70 
62120 18.14 18.00 19.03 19.30 19.37 19.00 
6214 18.67 18.50 18.99 19.05 19.00 18.66 
62156 18.04 18.36 lS.95 18.87 19.01 19.40 
62163 19.00 18.55 19.50 19.30 19.47 19.03 
6063 19.12 19.9S 19.62 19.41 19.54 20.22 

Ave. 18.75 lS.90 19.35 19.41 19.50 19.43 
\O o.. 



• • • 
Table 23. Blaad Serum Potassium Levels of Animals in Group 11 at Different Stages of 

Lactatian (mellOO mI). _____________________ ~ ___ 

--- -- - -- - --_._~ ---- - ---- Dg~S ~tl~~ [g~lu~itiaD 
Animal Initial 
Number Sample 2 28 56 84 112 140 168 196 224 252 280 308 

Eüst Lgr;;t¡¡tiQD 
6509 20.12 20.03 19.95 20.15 19.86 18.66 18.00 18.47 18.60 19.00 18.90 19.15 18.99 
6511 18.63 18.50 18.30 18.76 19.03 18.50 19.01 17.86 18.04 18.01 18.09 18.19 18.00 
6419 17.99 18.15 17.90 18.50 19.67 19.15 19.30 19.46 18.77 19.40 19.12 19.95 19.50 
6521 20.15 19.67 19.95 20.20 20.11 19.55 19.36 19.67 19.50 19.04 18.87 18.30 18.02 
6466 19.67 19.55 19.30 19.50 19.41 19.11 18.67 19.00 19.33 18.43 17.89 18.15 17.86 
6455 19.53 19.04 19.60 19.50 18.87 18.85 18.86 18.40 18.00 17.79 17.60 18.00 17.87 
6605 19.98 18.01 17.86 18.40 18.90 18.03 19.12 18.66 18.15 19.15 18.50 18.77 18.40 
6671 19.88 18.66 18.44 19.39 19.10 19.34 19.31 18.06 18.10 17.9918.88 17.79 18.49 

Ave. 19.50 18.95 18.91 19.30 19.37 18.90 18.95 18.70 18.56 18.60 18.48 18.54 18.39 

Ser;;QDQ L¡¡~t¡¡tioD 
6509 17.95 18.60 18.10 17.90 19.20 18.73 
6511 17.95 18.00 18.20 18.20 18.70 19.40 
6419 19.35 19.40 19.60 19.80 18.00 18.66 
6521 18.50 19.00 19.04 19.40 18.03 19.00 
6466 19.06 18.70 18.70 18.70 19.06 18.40 
6455 18.00 18.50 18.61 18.50 18.80 18.06 
6605 
6671 17.99 17.63 17.95 18.00 19.46 19.05 

Ave. 18.40 18.55 18.60 18.64 18.75 18.76 
\D 
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Table 24. Blood Serum Potassium Levels of Animals in Group 111 at Different Stages of 

Lactation (rng/l00 mI). 

---- ~~~ aft~~ farturition 
Animal lnitial 
NUmber San¡ple 2 28 56 84 112 140 168 196 224 252 2BO 308 

J::.i.~~t ~ctat.i.QI:l 
6621 20.12 19.73 20.10 20.00 19.37 19.03 19.15 19.47 19.66 18.01 18.40 18.03 17.98 
6528 20.03 19.05 19.66 19.75 19.56 18.99 18.50 lB.36 lB.50 lB.33 17.99 17.70 17.80 
6601 19.35 1B.40 1B.77 19.03 lB.50 lB.67 18.35 17.98 lB.OO 18.13 1B.06 18.12 17.96 
6149 17.99. 17.B1 1B.00 17.95 18.33 18.01 17.80 lB.35 lB.43 17.71 17.70 1B.00 17.75 
6647 lB.05 17.66 18.1318.56 18.35 17.99 lB.OO 18.66 18.37 17.65 17.B7 17.66 17.71 
6437 20.01 19.70 19.13 19.04 18.00 lB.25 18.12 17.89 18.15 17.60 17.79 17.69 17.60 
65B4 17.B6 17.67 18.22 18.11 18.00 18.51 lB.21 lB.Ol 18.40 18.23 17.96 1B.00 17.87 
6612 19.54 19.48 18.02 17.66 17.75 17.74 17.B7 17.51 17.7B 17.52 17.5B 17.59 17.75 

Ave. 19.12 18.69 18.75 18.76 18.4B lB.40 lB.25 18.28 18.41 17.90 17.92 17.85 17.BO 

S~¡;;Q¡:¡sJ !:.actat;i.o¡:¡ 
6621 17.81 17.B3 1B.55 lB.67 19.11 lB.98 
6528 
6601 
6149 17.99 lB.Ol lB.21 lB.20 18.01 18.25 
6647 
6437 
65B4 
6612 17.78 18.11 18.09 lB.06 18.22 lB.02 

Ave. 17.B6 18.15 1B.2B 18.31 18.45 1B.42 
'O 
(Xl 
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Table 25. Blood Serum Urea Levels of Animals in Group 1 at Different Stages of Lacta-

tion (mg/l00 mI). ----------

---~---
D~~~ ~fte~ p~~t~~ition 

Animal Initial 
Number Sample 2 2S 56 S4 112 140 16S 196 224 252 2S0 30S 

Ei~¡¡t L~s;;!;.~t1on 
6600 17.00 lS.20 21.03 23.1S 22.16 19.37 20.0S 20.20 17.23 lS.15 16.33 15.05 16.20 
6249 14.95 16.36 17.15 16.94 lS.41 lS.06 17.96 lS.00 17.90 17.03 14.67 13.S1 13.90 
6511 17.06 19.14 16.27 lS.61 lS.33 17.63 lS.15 18.07 17.84 16.30 13.91 13.00 12.97 
62120 13.20 15.66 18.87 15.96 17.16 15.98 17.63 17.96 18.31 16.93 15.6S 15.65 15.03 
6214 12.65 14.37 15.30 16.07 19.57 18.66 19.90 18.90 17.95 15.67 14.63 15.20 14.95 
62156 16.70 19.21 19.00 20.15 22.33 19.95 20.15 21.30 18.51 19.98 17.81 16.03 15.55 
62163 15.85 14.36 16.54 15.33 18.41 18.26 lS.55 19.00 lS.33 17.01 14.50 14.97 14.46 
6063 16.59 lS.79 19.67 13.81 22.S2 16.19 21.97 18.65 17.91 16.98 14.97 16.23 17.05 

Ave. 15.50 17.01 17.98 17.50 19.90 18.00 19.30 19.01 lS.00 17.25 15.21 14.99 15.01 

:;¡5:S;;QOg L¡;¡s;;!;.¡;¡tiQO 
6600 
6249 13.01 12.20 14.97 13.85 14.00 16.33 
6511 10.56 11.65 13.50 14.01 13.70 14.13 
62120 17.S6 14.90 16.S4 15.00 14.56 16.S9 
6214 15.25 14.33 15.69 13.S9 14.25 15.06 
62156 12.67 12.S0 13.70 14.12 12.89 14.75 
62163 14.00 12.60 14.8S 14.10 15.12 15.79 
6063 15.71 10.71 15.75 16.53 13.42 18.90 

Ave. 14.20 13.02 15.04 14.50 13.99 15.98 
\O 
\O 



• • • 
Table 26. Blood Serum Urea Levels of Animals in Group II at Different Stages of Lacta-

tion (roo/lOO mI). ---- ---- ----

~~~~ gfte~ ~~~t~~~t1QO 
Animal Initial 
Number Sample 2 28 56 84 112 140 168 196 224 252 280 308 

Fü~t L~S;;t~t1QO 
6509 19.30 23.01 22.51 20.50 21.56 20.71 19.30 29.66 27.18 22.36 23.01 20.15 20.96 
6611 13.95 17.30 19.73 21.17 22.30 22.66 23.55 25.10 23.95 19.81 20.50 18.63 19.30 
6419 17.64 20.50 21.33 22.50 30.17 31.20 26.66 26.79 24.31 23.60 21.39 20.46 21.55 
6521 14.36 18.76 19.95 19.86 18.71 19.95 21.36 22.00 25.08 22.66 23.07 21.17 21.03 
6466 16.06 20.37 20.06 18.95 21.50 23.30 22.60 23.06 24.10 19.93 20.00 17.16 19.50 
6455 19.26 22.80 23.15 26.00 23.40 23.07 22.75 23.87 23.55 21.11 20.76 19.38 18.95 
6605 13.70 17.65 19.65 18.04 20.56 19.75 21.04 21.76 23.11 17.96 19.45 17.30 22.98 
6671 14.62 15.71 22.51 20.73 25.05 25.34 18.78 22.15 26.66 21.36 21.59 21.66 23.48 

Ave. 16.11 19.50 21.11 20.97 23.03 23.25 22.00 24.30 24.74 21.10 21.22 19.49 20.97 

:2e¡;QoQ. ¡'¡¡Ct¡¡j;;i,oD 
6509 23.12 25.06 24.31 23.79 23.15 24.86 
6611 20.17 19.68 20.20 22.20 20.66 20.04 
6419 17.86 18.31 19.68 21.07 19.04 21.36 
6521 21.30 20.70 21.46 21.00 19.30 21.77 
6466 19.96 21.04 22.55 23.79 20.03 21.16 
6455 21.20 20.66 21.37 21.03 19.76 21.40 
6605 
6671 16.59 21.50 24.58 26.34 18.46 23.56 

Ave. 20.03 21.00 22.02 22.75 21.49 22.01 .... 
o 
O 
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Table 27. Blood Serum Urea Levels of Animals in 8roup 111 at Different Stages of Lac-

tation (me/lOO mI). 

___________________ Days after Parturition 
Animal Initial 
Number ~a=le 2 28 56 84 112 140 168 196 224 252 280 308 

[Ü:;¡:t; )¿¡¡¡;;:t;¡¡:t;;i.oD 
6621 12.31 21.74 23.89 24.16 19.77 21.31 24.66 23.67 22.91 23.45 26.38 24.86 25.20 
6528 10.15 18.63 22.33 24.71 26.16 25.84 28.07 27.86 20.4022.33 22.66 21.15 22.50 
6601 18.67 23.55 25.51 25.50 24.90 23.63 25.17 27.61 28.08 26.17 26.13 26.80 25.53 
6149 15.34 20.05 24.67 22.04 23.71 21.63 27.09 29.00 30.28 25.61 31.23 26.81 28.90 
6647 17.77 21.81 23.13 24.01 22.03 21.74 24.61 23.16 25.44 23.00 24.46 23.87 23.00 
6437 15.96 19.46 20.00 22.67 24.55 26.15 27.10 28.04 26.18 27.60 29.30 28.55 29.33 
6584 20.47 28.64 30.15 31.33 29.87 28.41 31.15 32.91 33.40 31.69 31.30 28.47 29.14 
6612 23.27 31.72 34.41 35.67 30.61 27.36 30.47 31.60 29.47 27.27 28.63 29.56 25.35 

Ave. 16.74 23.20 25.51 26.25 25.20 24.50 27.29 27.98 27.02 25.89 27.51 26.26 26.12 

~e¡;;QOQ L¡¡¡;;:t;¡¡:t;j,OD 
6621 26.03 24.31 30.66 28.46 27.62 27.00 
6528 
6601 
6149 22.16 22.17 27.71 26.30 25.44 23.81 
6647 
6437 
6584 
6612 26.51 27.11 26.52 26.30 27.19 27.09 

Ave. 24.90 24.53 28.30 27.00 26.75 25.97 .... 
o .... 
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Table 28. 

Animal Birtb 
NUmber Weigbt 

6909 44 
6911 36 
6920 43 
6924 32 
6929 38 
6934 40 
6937 34 
6946 30 
6948 36 
6950 36 

Ave. 36.9 

• 
Body WeiQbts of bniroals in Gro~p I Recordad-E~erY2B ~~~ 

------- !2¡¡:,::¡ of 1<ae 

240 268 296 324 352 380 408 436 

188 208 230 251 273 295 318 338 
192 213 232 255 276 298 320 341 
214 236 256 278 300 321 340 361 
194 213 234 255 274 300 323 344 
180 201 222 243 262 283 304 332 
200 218 236 256 275 299 318 335 
182 200 228 252 275 301 324 349 
168 186 208 229 251 274 300 322 
212 236 259 280 302 327 350 374 
188 208 230 252 275 301 328 354 

191.8 211. 9 233.5 255.1 276.3 299.9 322.5 345.0 

• 

464 

354 
366 
380 
365 
359 
354 
365 
346 
395 
384 

366.8 

..... 
o 
1\) 
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Table 29. 

Animal Birtb 
Number WeiQbt 

6906 36 
6907 30 
6915 36 
6916 27 
6927 44 
6928 36 
6933 30 
6935 32 
6942 34 
6943 35 

Ave. 34.0 

• 
Body WeiQbts oi Aoimals in Group 11 Recorded Eyery 28 Days (kQ) . 

n¡¡y~ Qf llge 

240 268 296 324 352 380 408 436 

204 224 248 273 300 325 351 372 
188 209 235 260 280 304 324 342 
184 214 238 261 285 310 329 347 
186 211 240 267 290 311 331 350 
190 216 241 268 291 317 338 358 
188 212 245 266 290 315 342 360 
176 203 231 252 277 297 319 341 
208 234 265 290 316 341 367 389 
184 209 235 259 288 314 339 363 
198 221 244 270 295 317 337 358 

190.6 215.3 242.2 266.6 291.2 315.1 337.7 358.0 

• 

464 

392 
362 
360 
366 
375 
383 
362 
409 
386 
378 

377.3 

.... 
o 

1".) 
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Table 30. Individual Daily Consumption of Sugar Cane Tops by Animals in Group 1, Con-

trol (k~ 00 as fed basisl . 

¡¿g:i" O f liIl e 
Animal 240 268 296 324 352 380 408 436 
Number to to to to to to to ·to 

267 295 323 351 379 407 435 463 

6909 6.93 6.75 10.47 14.08 14.54 16.60 19.31 19.00 
6911 7.48 8.68 12.47 14.23 15.79 17.04 19.31 18.49 
6920 7.65 11. 58 15.20 16.02 18.18 19.91 19.28 23.53 
6924 7.85 13.74 15.00 18.02 19.75 19.30 20.72 23.70 
6929 7.98 13.34 13.20 14.70 17.60 18.16 22.34 24.37 
6934 11.05 10.97 12.76 16.74 16.64 19.98 22.52 24.27 
6937 9.12 12.72 17.42 19.49 18.50 22.33 24.12 24.52 
6946 9.34 13.35 15.51 15.90 21. 25 20.59 19.95 21.42 
6948 13.24 18.81 19.57 19.02 23.60 23.99 24.41 24.78 
6950 12.54 17.34 17.77 20.39 22.79 23.57 24.10 24.20 

Ave. 
Daily 9.32 12.72 14.93 16.86 18.86 20.14 21.60 22.82 
Iotake 

.... 
g 



• 
Tab1e 31. 

Animal 
Number 
~----

6906 
6907 
6915 
6916 
6927 
6928 
6933 
6935 
6942 
6943 

Ave. 
Daily 
Iotake 

• 
Individual Dai1y Consumption of Sugar Caoe Tops by Animals io Group II, 
perimental (ka 00 as fed basis) . 

!;la:.:.. Qf 8í.J¡¡¡: 
240 268 296 324 352 380 408 
to to to to to to to 
267 295 323 351 379 407 435 

6.10 8.61 11.36 14.96 15.03 18.11 21. 32 
5.89 7.71 11.03 16.50 17.00 18.68 19.25 
5.43 6.89 13.78 14.71 16.54 17.32 17.28 
5.89 8.43 13.46 13.86 15.96 16.50 15.18 
6.60 10.67 12.14 14.46 17.64 15.75 19.18 
7.14 11. 29 12.21 14.50 16.36 15.07 19.60 
8.57 9.93 12.46 14.86 14.71 20.03 19.36 
9.39 10.93 14.53 17.14 17.68 19.75 19.68 
8.29 10.71 14.07 17.29 23.07 22.75 23.54 
7.39 11.93 13 .10 12.50 16.25 19.14 19.57 

7.06 9.71 12.81 15.08 17.02 18.31 19.40 

• 
Ex-

436 
to 
463 

20.85 
18.57 
20.50 
17.10 
19.67 
19.64 
19.64 
19.93 
23.82 
19.57 

19.93 

.... 
o 
"" 
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Tab1e 32. Body Weight Changes and D~i1y Feed Consumption of Dairy Heifers According To 

ooe 

Group 1 
Average body weight, 

kg 
Average dai1y gain, kg 
Dry matter intake, kg 
Dry matter intake from 

sugar cane tops, kg 
Dry matter/100 hw/day 
Dry matter intake from 

concentrate, kg 
Dry matter intake from 

yucca, kg 

Group II 
Average body weight, 

kg 
Average dai1y gain, kg 
Dry matter intake, kg 
Dry matter intake from 

sugar cane tops, kg 
Dry matter/100 bw/day 
Dry matter intake from 

concentrate,·kg 
Dry matter intake from 

yucca, kg 

Davs of Aae 
26a __2% _324_ 352 __ 380_ 4D8 436 464 

212 
.718 

5.25 

2.61 
1. 23 

2.64 

215 
.882 

4.50 

1.98 
.92 

1.08 

1.44 

234 
.771 

6.19 

3.55 
1.50 

2.64 

242 
.960 

5.31 

2.72 
1.12 

1.08 

1. 51 

255 
.771 

6.82 

4.18 
1. 63 

2.64 

267 
.871 

6.19 

3.59 
1. 34 

1.08 

1. 52 

276 
.757 

7.36 

4.72 
1. 70 

2.64 

291 
.905 

6.84 

4.22 
1.45 

1.08 

1.54 

300 
.843 

7.92 

5.28 
1. 76 

2.64 

315 
.853 

7.39 

4.77 
1.51 

1.08 

1.54 

323 
.807 

8.28 

5.64 
1. 75 

2.64 

338 
.807 

7.75 

5.13 
1.52 

1.08 

1.54 

345 
.804 

8.69 

6.05 
1. 75 

2.64 

358 
.725 

8.08 

5.44 
1. 52 

1.08 

1.56 

367 
.782 

9.03 

6.39 
1.74 

2.64 

377 
.693 

8.22 

5.58 
1.48 

1.08 

1. 56 .... 
o 
0\ 
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Table 33. Dry Matter Consumption According to Body Weight Changesas Compared to NAS­

NRC---Allowance<L (19~L 

Il¡¡:t:1il Qf Aí;¡e 
268 296 324 352 380 408 436 464 

Ave. body weight of control animals, kg 212 234 255 276 300 323 345 367 
Ave. bOdy weight of exptl. animals, kg 215 242 267 291 315 338 358 377 
Dry matter intake of control animals, 

kg/day 5.3 6.2 6.8 7.3 7.9 8.2 8.6 9.0 
Dry matter intake of exptl. animal s , 

kg/day 4.5 5.3 6.2 6.8 7.3 7.8 8.0 8.2 
NAS-NRC dry matter allowances, kg/dayll 5.3 5.8 6.4 6.7 7.2 7.8 8.0 8.3 
Protein intake of control animals, 

gm/day 579 630 657 681 705 721 739 754 
Protein intake of exptl. animals, 

gm/day 572 608 645 674 698 714 728 734 
Protein requirements,lI 522 590 630 650 661 668 680 684 

l/Based on NAS-NRC Dairy, 1966. 

.... 
o 

"'>J 
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Table 34. SUIDm§ry of Indiyidual Reproductiye Performapce of tbe Experimental Animals. 

FÜ¡¡j;. LSl¡;;j;.Slj;.;i.0D ~~CQD~ ~actat;i.QD 
Total Number of Interval Total Number of 

Animal Days Services Dry Between Days Services Fregnancy 
Number in per Period Calvings in per Diagnosis 

Milk conception Milk Conceptíoo 

I.r;:!i:a~eD:t ;¡; 
6600 560 2 66 626 56 
6249 364 1 58 422 221 1 Pregnant 
6511 392 3 68 460 219 1 Pregnant 
62120 305 1 91 396 245 3 Pregnant 
6214 305 1 16 321 265 1 Pregnant 
62156 305 1 46 351 171 2 Pregnant 
62163 305 2 53 358 145 2 Pregnant 
6063 305 1 34 339 136 1 Pregnant 

Ave. 355 1.5 54 409 182 1.57 

I.r;:!i:a:tlll!i:nt II 
6509 392 4 60 452 192 2 Pregnant 
661lV 476 4 78 554 124 4 
6419 392 3 78 470 216 4 Pregnant 
6521 336 4 101 437 199 3 Pregnant 
6466 336 3 62 398 225 3 Pregnant 
6455.v 305 1 61 366 225 1 Pregnant 
6605 530 2 2 Pregnant 
6671 305 1 60 365 188 1 Pregnant 

Ave. 384 2.75 71 434 196 2.71 .... 
e 
C\:) 



• • 
Table 34. cont. 

Animal 
Number 

First Lactation Second Lactation 
Total Number of Interval Total Number of 
Days Services Dry Between Days Services 
in per Feriod Calvings in per 

Milk Concention Milk Conceution 

I¡:¡;:¡¡tm¡;:llt IU 
6621.4/ ~05 1 
65282/ 663 3 
6601 364 4 
6149§/ 305 2 
6647y 504 2 
6437a; 364 1 
65842/ 392 6 
6612 305 3 

Ave. 400 3.66 

46 351 

84 389 

79 443 

77 382 

72 391 

309 

196 

122 

209 

2 
2 

3 

1 

2.0 

• 

Pregnancy 
Diagnosis 

Pregnant 
Pregnant 

Pregnant 

Pregnant 

lIAborted at 194 days of first pregnancy, bred and settled, calved normal1y, not yet 
bred again. 

lINot pregnant, left ovaric cyst. 
lfAborted at 149 days of first pregnancy, continued milking. 
~Aborted at 180 days of first pregnancy, continued milking, 162 days pregnant. 
~/could not be settled, no heat after 4 services, pyometra diagnosed. 
~yAborted at 73 days of first pregnancy, bred, pyometra diagnosed. 

Died at second ca1ving, parturient paresis. 
§/After 6 services, could not be settled, diagnosed bilateral ovaric cysts, sold. 
2/Calf dead, 65 days of second pregnancy on exp. 

... 
o 
\C) 



• • • 
I¡¡l;!lfi: ~:2. In~i~iQy¡¡l FeeQ lnt¡¡ke~. Milk Y1elQ~ ¡¡DQ F¡¡t Ie~t ~~iDQ ~Q~-~¡¡~ ~¡¡~t¡¡tiQn. 

• 
Animal Grain con- Silage dry Milk yield, kg Fat test, % 4% FCM, kg 
Number sumed, kg matter, kg 

!J~QY¡;¡ 1 
6600 1499.0 2715 4486.1 3.50 4149.6 
6249 1580.0 3100 4714.5 3.42 4303.8 
6511 1879.5 3269 5615.0 3.50 5193.8 
62120 2215.5 2891 6673.8 3.45 6123.2 
6214 1720.1 3057 5165.0 3.48 4762.1 
62156 1829.4 2700 5441. 9 3.41 4960.3 
62163 2165.0 3202 5516.3 3.44 5052.9 
6063 2067.2 3260 6050.8 3.40 5506.2 

Ave. 1869.0 3024 5582.9 3.44 5006.5 

!J~oy¡;¡ Il 
6509 1269.4 2822 4506.5 3.61 4242.8 
6611 1757.9 2624 5745.5 3.59 5392.5 
6419 1534.3 3519 4981.2 3.60 4682.3 
6521 1778.8 2926 5843.4 3.55 5448.0 
6466 1608.3 3093 5013.9 3.54 4667.9 
6455 1432.6 3337 4429.9 3.48 4084.3 
6605 1605.3 2667 4803.8 3.50 4443.4 
6671 1402.0 2173 4003.0 3.48 3690.7 

Ave. 1548.5 2895 4915.9 3.55 4581. 5 

.... .... 
o 



• 
TabI e 35, canto 

Animal Grain can- Silage dry 
Number sumed, kg matter, kg 

G¡:QI,U2 In 
6621 1273,9 27ll 
6528 1783,4 3035 
6601 1507,3 2469 
6149 1562.2 3020 
6647 1625.3 2481 
6437 1819.1 2692 
6584 1886.5 2837 
6612 1497,2 2425 

Ave. 1619.4 2709 

• 
Milk yield, kg Fat test, % 

4084,3 3,73 
5428,5 3,76 
4533,8 3,77 
5139.2 3.70 
5276.0 3.66 
5672.7 3.82 
6261. 3 3.68 
4570.2 3.80 

5120.7 3.74 

• 
4% FCM,kg 

3918,8 
5233,0 
4317.3 
4907.9 
5007.0 
5519.3 
5960.6 
4432.9 

4912.1 

.... .... .... 
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