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ÀBSTRACT

Pettitt, Murray Janes. M.Sc., The University of Manitoba,

May, 199j.. Effect of Monensin Sodium on The ReÞroductive

F:n.ìôcri nôl ôdv ôf prêrrrt!êrtã'ì Rêêf l¡êi fêrs -

Ma j or Professor i Dr. I{. M. Pal-mer .

The feeding of ¡nonensin sodiun to prepubertal beef

heifers at 200 ng/head/day has been demonstratêd to reduce

age at puberty in these animals. This is thought to occur

due to the changes in volatile fatty acid (VFA) production

in ¡nonensin-fed ani¡nals. Irlhile the increase in propionate

production can account for the i.mprovement in feed

efficiency, it is unknown ho!¡ these changes in VFA

production influence the age of puberty. Thj.s expêriment

was carried out to monitor prepubertal hornone 1eve1s in
beef heifers and to determine if monensj-n affected puberty

through changes in these hornones.

Twelve Angus crossbred and twelve Simmental crossbred

prepubertal heifers were used in this trial . One half of

each breed was fed a control diet (C), the other one hal-f

the identical- diet plus 200 nglhead/day nonensin sodiurn

(M). Feed intake was sinilar for both groups, however M

heifers had irnproved weight gains over C (p<0.065) .
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Monensin increased propionate production (p<0.001-) and

totaL vFÀ production (p<0.03) while depressing butyrate

prod.uctíon (p<o.o65) . Mean serum progesterone concentrations

v¡ere sirnj-Iar between M and c anímals until day l-65 of the

experirnent when progesterone l-evels of C anÍmal-s rose

signifícantly higher than M animals (p<0.008). serum LH

patterns r,rere not significantly affected by the feeding of

monensin.

The data suggests that the effect of monensin in reducing

age at puberty is not ¡nediated through a change in episodic LH

release or serun progesterone concentrations. Further

research will- be required to deter¡nine which physiological

rnechanisrn(s) rnonensin acts upon in order to infl-uence puberty.
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in the herd.

This experiment was carried 9u! to try to determine how

monensin Ínfluences puberty by rnonitoring reproduct.ive horrnone

levels in beef heífers as they approached and achieved

puberty.
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LITERÀTURE REVIEW

Monensin sodium, a carboxylic polyether ionophore

antibiotic (Figurê L) produced by a strain of Streþtonyces

cinnanonensis (Herberg et aI, 1978) was originall-y devel-oped

for use as an anticoccidial feed additive in poultry (Bergen

and Bates, L984). When added to the diet of growing and

fínishing cattle, studies indicated that monensin irnproves

production efficiency and that this is ¡nediated through

¡nodification of several physioLogical systerns of the animal

(schelling, 1984 ) .

Changes in these physiological systens are nost likely a

result of the basic ¡node of action of ¡nonensin, which is
rnodificatíon of ion transport across the membranes of rumen

nicrobes (Bergen and Bates, i.984t Schetl-ing l-984 t Russell and

Strobel-, L989 ) .

2.O Effêcts of MonensÍn on Volat,ile Fatty Àcid Production

Thê nost wideJ-y docunented. systern affected by monensin is
volatÍ1e fatty acid (VFA) production withÍn the runen (Bergen

and Bates, L984). Metabolic hydrogen is produced by

ferrnentation of glucose and pyruvate by runen rnicro-organisms.

The majority of this netabolíc hydrogen is util-ized in the



FIGURE 1.. Chemical Structure of Monensin Sodium

ilCH¡ CH¡

From Painter and Pressman, 1985.



synthesis of propionate and butyrate fron pyruvate and in the
reduction of carbon dioxide to methane (Chalupa, fg77).
fncreasing the anount of propionate produced in the rumen has

been a goal of researchers for nany yeârs for several reasons.

Propionic acid production fron hexose in the rurnen is ¡nore

efficient than either butyric or acetic acid for¡nation. Thus,

an increase in propionate to acetate ratj-o represents an

increase in the efficiency of rernoving usefut energy from the

feedstuff (Cha1upa, L977). Another reason is that ani¡nal

tissues nay util-ize propionate rnore efficÍentIy than acetate

since propionate has a higher enthalpy than acetate and. can bê

oxidized by the anirnal (Russell and Strobel . j_989). Final1y,
propionate is the only VFA which is gluconeogenic (,fudson,

1973t Schelling, 1984) and having more substrate available for
glucose synthesis may be advantageous to the anirnal- by sparing

amino acids fron glucose synthesi-s and maintaining their
availability for protein synthesis.

When monensin is fed to cattle in the range of l-00-2OO

ng/head/day, rnolar percent.ages of propionic acid increase

whil-e those of acetic and butyric acids decrease (perry et aJ.,

1976t Richardson et aI , L976î Mowat et aI , !977 i Oscar et al,
L987,' Beacorn et aJ-, 1988). This effect of rnonensin is widely
accepted as one of the rnajor physiological results of its use.

However ¿ it is unlikely that ít is responsible for al-I the
irnprove:nents in aninal perfornance associated with feeding
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monensin. Raun et al- (1976) demonstrated that increased

runinal efficiency due to nonensin could not account for all
of the improvernent in feed efficiency observed in their
experirnents. Thus, it appears that nonensin may exercise some

of its benefits through other physiological systens.

2.f Effects of Monensin on Nitrogen Utilization

2.L.f Protein Svnthesis

Nitrogen utilizatíon in the ru¡nen involves two rnajor

processes: protein synthesis and nethane gas production. The

rurnen contains a dynamic pool of nitrogen whose sources

include: 1) microbial degradation of dietary protein and

hydrolysis of dietary non-protej.n nitrogen (NPN), 2)

hydrolysis of urea recycled to the rumen, and 3) breakdovrn of

microbial protoplasm. The destinations of this ruminal

nj-trogen include: 1) microbial incorporation, 2) absorption

through the rumen wall, and 3) the omasum (owens and Bergen,

l-983). A certain proportion of dietary sources of preforned

proteins can escape ruminal digestion and are termed bypass

proteins. The anino acÍds fro¡n these proteins are availabLe

for absorption directly in the s¡nall- intestine (Bergen and

Bates, l-984) and are then available for protein synthesis.

Increasing thê amount of bypass protein available to the

animat improves production efficiency due to the increase in
direct absorption of dietary a¡nj.no acids (ChaLupa, L977).
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Poos et aI (L979) fed nonensj-n to cannulated steers at a

l-evel of 200 nglhead/day and found an increase in dietary
protein reaching the abomasun and a reduction in bacteriat
nitrogen reaching the abonasun. Monensin supplied at 200

rnglheadr/day is equivalent to a concentration of 33 ppn of the

ration as fed. Sinilar results were reported by Isicheí and

Bergen (1980) . Faulkner et aI (1985), found that feeding

monensin at a leveI of 18.3 ppn decreased bacterial protein

concentration (diaminopirnel ic acid - ÐAP) and increased the

ratio of total nitrogen:DAP in rurnen dry natter. The response

r.¡as quadratic and the J.arger ratio suggests that less protein

was broken down and/or less bacterial protein synthesized. Àn

increase in the protein gain/protein intake ratio was

accornpanied by a higher average daily gain (ADc) and lower

feed:gain for nonensin fed aninal-s compared to controls
(Mccarthy et aI , I979r. This "protein-sparing" effect due to

monensin ís nost significant in animats fed a 1ow proteín diet
(Beede et aI, 1980at Hanson and Klopfenstein, 1979) conpared

t.o higher levels of dietary protein.

When propionat.e is administered in the abonasun of growing

goats, the amount of L-threonine undergoing gluconeogenesis

and oxidation is reduced as measured by isotope dilution
techniques (Beede et al, 1-980b). This suggests a greater

availability of L-threonine for protein synthesis and agrees

with the data v¡hich suggests that increased propionic acid



I
production nay have an amino acid sparing effect as

intravenous infusion of propíonate wilt increase nitrogen
retention in growing La¡nbs (EskeLand et âI, 1,974),

Presunably, this increase in nitrogen retent,ion results in an

j.ncrease in protein synthesis or celluLar uptake of anino
acids (Potter et al, 1968). Therefore, nonensin has a dirèct
effect on nitrogen retention in the ru¡ninant by Íncreasing the
anount of dietary protein availabLe for tissue synthesÍs.
This is rnost likeIy because the increased availability of
propionic acid for gluconeogenesis decreases the use of a¡nino

acids for this purpose (SchelLing, j_9a4).

2.1.2 Methane cas production

The effects of ¡nonensin on rnethane gas productíon have also
been document,ed. Acetate, hydrogen, carbon dioxide and

for¡nate (which is easily converted. to carbon díoxide and

hydrogen by rnany microbes) are the najor precursors for the
nethanogenic microbes which convert the carbon dioxide and

hydrogen to methane (Baldwin and Allison, 1993). The loss in
feed energy due t,o nethane production can be as high as !22,
as this gas is ultirnately eructated (Russel1 and Strobel,
1989). Monensin added to in vitro runína1 fluid batch
cul-tures can reduce nethane formation by as ¡nuch as 492

(Chalupa et aI , L980; Katz et aJ., l-986i Oscar et af, 1987;

Sauer and Teather, i.987). In vivo studies in growing lanbs
have confirrned these results (poos et. aJ_, 1979). gfhen added
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to in vitro cultures containing substrates specific for
¡nethane bacteria, ¡nonensin decreased nethane production in
substrates containing fomate but not in substrates cont,aining

carbon dioxide and hydrogen (Van Nevel and Demeyer, L977,

Dell-inger and Ferry, 1984). Both of these substrates

(fornate; carbon dioxide and hydrogen) are specific for
methane bacteria (Baldv¡in and Allison, 1983). Since hydrogen

production is less than expected in monensin-containing

cultures r,rith lotrered nethane production (Van Nevel- and

Demeyer, 1977, and one of the rnajor rurninal nethanogenic

bacteria is not sensitive to monensin (Oscar et al, L9B7), it
has been concluded that the methane-depressing action of
nonensin is not due to a direct toxic effect on the

rnethanogenic flora in the rumen, but due to thè inhibition of
the organis¡ns which rnetabol-ize formate to carbon dioxide and

hydrogen, the najor precursors for rnethane synthesis (Van

Nevel and Deneyer, 1,977, . This would aLLov¡ for a diversion of

netabolic hydrogen fron nethane production to propionate

production (Chen and l¡oIin, 1979) which is consistent r,rith the

shífts in runinal VFA profil-es already discussed and can

partially account for the irnprovement, ín energy management by

the ani¡naI fed nonensin.

2.2 Effects of Monensin on Feed Efficiencv
Modified feed efficíency is another physiologicaf factor

affected by nonensin which is nost Iikely due to the changes



l-o

in VFA production and bypass protein level-s. Raun et aI

(1,97 6) found that as the leve1 of nonensin fed to feedlot

steers increased, feed consunption progressively decreased and

daily gains were equal to or superj.or than non-treated

controls. When finishingT steers were fed a ration consisting

mostly of al-falfa silage, feed efficiency Ítnproved due to an

increase in ÀDG with no significant changTe in feed intake per

unit gain (Mowat et al, 1-977). When the diet v¡as changed to

include a source of readily fernentable carbohydrate in
addition to the alfalfa silage, feed efficiency v¿as improved

because feed intake !¡as reduced $¡ith no effect on AÐc (Mowat

et af, 1977). Other studies (Perry et aI, 1976t Raun et aL,

1976; Oscar et aI, 1987) confirm that hthen monensin is fed to

feedl-ot aninal-s receiving a high carbohydrate ration, feed

efficj-ency is irnproved throuqh reduced íntake with no

significant chanqe in ADG. In those aninals consuning

prinarily a foragê ration, feed efficiêncy incrêases because

of irnproved daily gains with no significant change in feed

intake (Potter et al , I976aì Turner et aJ-, l-977t FauLkner et

al , l-985t Beacon et aJ-, 1988). These irnprovenents Ín feed

efficiencies arê acco¡npanied by sinilar carcass

characteristj-cs v¡hen finishing animal-s are fed ¡nonensin

cornpared to controls (Perry et al , 1976t Potter et al , ]-976b.'

Mowat et aI , f977). In a review of over 200 trj.als involving

nearì.y i-6,000 head of cattle fed a wide range of rations those
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fed ¡nonensin gained, on average, l-.68 faster, consumed 6.4å

less feed and required 7.5¿ less feed per l-oo kg gain with no

significant influence on carcass characteristics conpared to
controls (coodrich et al-, l-984). For these reasons, monensin

is vridely used in the feedlot industry today.

2.3 Effects of Monensin on ReÞroductive Stock

2.3.L Influence on Feed Effíciencv

Another rnajor area of investÍgation has been the influence

of monensj-n on reproductive stock. Including ¡nonensin in the
pre-calving diet of mature beef cows allows for equal weight

gains on less feed (Turner et aI, t98ot Walker et al, l_9goi

Clanton et al, l-981-) or irnproved gains at the sane feed leve]
(Turner et al, 1977; crings and Males, 1988). Weight l_oss

post-partun has been demonstrated to be sinilar between

control and monensin-fed anÍma1s. Ho$¡ever, the monensin

animals consune less feed during this tine (Lemenager et aI ,

l978ai Turner et al, 1980t walker et al-, 1980) resulting in an

inprovernent in feed efficiency.

2.3.2 Influence on ReÞroductive Parameters

The effects of monensin on reproductive pararneters when

fed to nature cows during the pre- and post-calving period

have been variable. Post-partum interval to estrus (or days

post-partum to insemination) is not influenced by nonensin in
those animals whose body conditíon scorê did not change
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throughout the trial (Turner et al , L980t walker et aI, L9B0;

Clanton et al, l-981-t Pendlun et aI, 1-981r Wagner et al, L983i

crings and Mal-es, 1988). when cor,¡ body condition is irnproved

throughout the trial though, feeding rnonensin shortens the

post-partun interval to estrus by 12 to 21 days (Turner et al ,

l-977t Hixon et al-, L982r Hardin and Randel, L983). Ani¡nals in

a heavier or rrfleshy body condition havê a shorter post-

partum interval- than cows in thin condition (sprott et aI,

1988). Thus, when nonensin feeding increases body weight and

irnproves condition, post-partum intervaL to estrus wilL be

reduced.

Monensin suppl-enentation has no effect on first servíce

conception rate (Wal-ker et af, l-980), total å conception

( Pendlun et â1 , l-981-; Grings and Ma1es, 1988), calving

interval (Turner et a1, l-980t Pendlum et al, l-981-), cal-f birth

weight (Walker et al, 1980t Pendlum et al , 1981-) or calf

weight gains (Turner et a1, l-980; crings and Males, 1988).

Clanton et aI (1981) dernonstrated increased calf birth weight

Ín monensin-fed animals, however, these differences $/ere not

significant at weaníng. Hixon et al (l-982) atso reported

heavier calf birth weights due to monensin accompanied by an

increase in dystocia. fncreased energy levets to the dams due

to the monensin effect of irnproving feed efficiency tnay

account for the increase in calf birth weights (Hixon et aI,
r_982).
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2.4 Endocrinoloqv of pubertv

2.4.L conadostat Hypothesís

The classical rrgonadostatt' hypothesis suggests that the
onset of puberty is due to a decrease in sensítivity of the
hypothalarno-pituitary axis to the negative feedback effects of
estradiol (Ranirez and Mccann, 1963). As the anímal matures,

piLui.tary gonadotrophin secretion increases, as the

sensÍtivity to steroid negative feedback is reduced, resulting
in follicular grov¡th and the first ovulation. In cattle, this
hypothesis is based largeLy on the fact. that gonadotrophin

secretj.on escapes steroíd inhibition at the pubertat age in
ovariectornized heifers which have received estradiol irnplants

(Day et aI, l-984 ) .

2.4.2 Effect of Nutrition on Puberty

Luteinizing hornone (I,II) secretion and LH puJ-se frequency

gradually increase in a 1j-near manner as puberty approaches

(Day et a1, L984). Prepuberal- heifers receiving a low plane

of nutrition (0.2i- kq ÀDC) throughout the expected tine of
puberty dernonstrate significantly reduced mean LH

concentration, LH pulse frequency and LII pulse anplitude
cornpared to controls (0.79 ÀDG) during the tirne immediately

prior to puberty (Day et al, L986). This was acconpanied by

rninimal weight. gains in the energy-stressed heifers, none of
which reached puberty during the experirnent. Al_I but one of
the control- anj_naJ_s, whích al-I had normal lreight gains during
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thÍs period, reached puberty during the trÍal . Thus,

restriction of dietary energy prevented the prepubertal rise
in LH secretion and delayed the occurrence of puberty (Day et
aI, l-986). other researchers have also dêmonstrated a delay

of puberty in nutritionally stressed heifers (wiltbank et a1,

1969t Àrije and lrliltbank, 797!i Ferrel1, l_982).

Since energy level of the diet fed can influence LH

secretion and thus puberty, and the feeding of monensin

results in rnore feedstuff energy being availabl-e to the anirnal

through increased propÍonate production (Chatupa, 3.977) , a

possÍbJ-e mechanisrn by whÍch monensin exerts its effects on

puberty in the heifer Íiay be through rnodification of
prepubertal LH patterns. To date, no one has investigated
this possibility.

2.5 fnfluence of Monensin on pubêrty

The effects of ¡nonensin on puberty in the heifer have

been the subject of nany studies. MoseLey et al_ (L977)

detennined that feeding rnonensÍn to prepuberal Brahman x

Hereford crossbred heifers resulted in a significantly hígher
proportion of monensin-fed heifers reaching puberty during the

trial than control-s. This ¡^¡as accompanied by a LO.9E decrease

in feed to qain ratio in the rnonensin heifers compared to
controls. No significant difference sras found in weight gains

or conceptíon rates bett¡een the two groups. In a trial by

Mccartor et al (l-979) heifers fed Z0O rng rnonensin/ t¡ead/ ð,ay
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reached puberty 29.5 days sooner and weighed I?.2 Rg Less than

controLs. Sígnificant differences !¿ere not found between

monensin and control groups for ínitial experimental weight,

final experirnentat weight, ÀDc while on test, initial
condition score and final condition score. I,¡hen all the

factors that are known to affect age at puberty are controlled
by experirnental design, nonensin appears to decrease the age

at puberty, presumably by shifting runinã1 fer¡nentatÍon

towards greater propionate production and therefore increasing

available energy fron the feedstuff (l"fccartor et a1-, L979).

This concl-usion is substantiated by the fact that a third
group of heifers, vJho were fed a high concentrate diet wÍthout

monensj-n, achieved puberty at a younger age and lighter weight

than díd control-s. This high concentrate diet aLso shifted
runenal fer¡nentation towards greater propionate production, as

it did in the monensin-fed group (Mccartor et aI, L979). The

fertility of the heifers, measured by first service pregnancy

rate, was not significantly affected by treatment.

A similar study. found that heifers fed monensj-n were

significantly younger at puberty and that this difference was

not due to increased ADG or increased body weight. Neither

weight at puberty or conception rates !¡ere affected by

nonensj.n (MoseLey et aI , 1982). Granger et al (l-990) also

demonstrated a decrease in age at puberty in monensin-fed

heifers. Weight at puberty and calving rate were not affect.ed
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by monensin.

2.6 Alteration of Endocrine Svstems in Animals Fed Monensin

The previous studies indicate that while ¡nonensin

decreases the age at puberty, this is not due to increased ADG

or body weight, It has been suggested that if age at puberty

is lowered, then perhaps the ¡naturation of the endocrine

system responsible for puberty occurs sooner (Moseley et al-,

l-982) and that this may be due to the higher energy leve1

supplied to the animal fed roonensin. I^¡hi1e it is stÍII
uncl-ear as to !¡hat rnechanism(s) trigger puberty it. is knorvn

that many of the individual conponents of the reproductive

endocrine system are functíonal. prior to the onset of estrous

cycl-es. Several of these have been expJ.ored after the feeding

of ¡nonensin to prepuberal heifers.
BushmÍch et a1 (1980) adminj-stered a 1.o rng porcine

follicle stirnulating hormone (FSH-P) / 2SOO IU human chorionic
gonadotrophin (HCc) challenge to control and monensin-fed

prepuberal heifers and observed an ovarian rèsponse in both

groups. The response in the nonensin group was rnuch greater

than that of controls. Heifers fed rnonensin had more corpora

lutea (C.L.), greater total Luteal weight, more follicles,
greater ovarian weight and greater weight of fol_l_icular fluid
and stro¡na than controls. Monensin-fed heifers had slightly
Iarger C.L. than controls which contained si¡nilar progesterone

concentrations as controls. This gave greater 1uteat
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progestêrone per C.L. and greater luteal progesterone per

heifer in the monensin heifers than the control-s.

Another study, in which rnultiple gonadotrophin releasing

hormone (cnRH) injections were adninistered to prepuberal

heif ers, measured I-,H release from the pituitary. Tr.¡o l_Oopg

injecti.ons of cnRH, four hours apart, were given to monensj_n-

fed and control- heifers. Blood was collected at ten ninute

intervals for nine hours follor,ring the first GnRH injection.
Àmount of LH reLeased after each GnRH injection, peak Ifi after
the first GnRH challenge, peak LH after the second cnRH

chaLlenge, duration and area under the second cnRH-índuced LH

curve were significantly greater for nonensin-fed heifers than

controls. Àrea under the first GnRH-induced LII curve tended

to be greater for ¡nonensin than control heifers, but this was

not sígnificant. Therefore dietary monensin supplied at 2Oo

mg /bead/ day enhances the ability of the pituitary to release

LH after a rnultiple cnRH challenge (Randel and Rhodes, l_9BO).

These findings are supported by the results of Randel- et aL

(L982) who measured the estradiol-17B (E2) -induced LH surge

in prepuberal heifers. After 1-4 days of a ration containing

o mg or 200 ng rnonens in/head/day, heifers were injected with
5 mg estradiol-l7B. Blood sanples were taken êvery tv¿o hours

for 48 hours follo$¡ing the 82. Peak LH concent.ration was not

affected by the feeding of ¡nonensin. However, monensin

heifers had a longer duration of LH surgTe/ greater area under
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the üI curve and reached peak LH concentrations earlier thah

did control-s. Thus the authors concl-uded that monensin al-ters

the E2-induced LH response in prepuberal heifers (Randel et
al, L982).

fn contrast, the feeding of ¡nonensin to nature cows prior
to a cnRH challengê resulted in reduced LH reLease fron the

pituitary (Saturnino et aI, 1,985). Ovarian size and number of

follicLes were increased in the ¡nonensin group. Sirnilarily,
mean LH concentration, LH pulse frequency and I-,H pulse

anplitude was not affected by monensin after adninistration of
prostagJ.andin F-2a (PGF-2a) to rnature cows (Peterson et aI,
1984). These discrepancies may reflect the differences in
maturational status of the hypothalanic-pituitary axis that
exist between prepuberaL heifers and rìature cov¡s.

2.7 Effect of Propionate on ReÞroductive Endocrinology

While the mechanism by which nonensin exerts its effects on

the prepuberal heifer is not und.erstood, j-t can be

de¡nonstrated that ¡nonensin enhances both pituitary and ovarian

response to exogenous hornones which nay reflect an earlier
¡naturation of the hypothalanic-hypophyseal axis in heífers fed

¡nonensin. This early ¡naturation could be due to the shifts in
VFA patterns. LH response v¡as enhanced after nultiple cnRH

challenges in prepuberal heifers ¡,¡hich ¡,¡ere infused with
propionate via an abomasal cannula (Rutter et al , l-993).

Anount of LH released after the first of two GnRH injections
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vras significantty higher for propionate-infused heÍfers

compared to controls. There was also a trend for area under

the I,II curve and peak LH concentration to be greater for the

propionate-infused animals. Thus, this study supports the

hypothesis that ¡nonensin, through its effect of increasing

propionate production in the runen, enhances pituitary

response to exogenous gonadotrophins.

2.8 Onset of Puberty

It is not possible at this ti¡ne to state how monensin

enhances the onset of puberty ín the heifer as the mechanisrn

by whích puberty is triggered in the natural state rernains

unknor¿n. While the gonadostat theory states that GnRH escapes

fro¡n estradiol inhibition at puberty, the cause of this
decrease in pituitary sensitivity to ovarian influence is
undetêrmined. The preovul-atory I-,H surge is not responsible as

prepubertal- heifers given pul-satile infusions of cnRH

demonstrate preovulatory-J- ike LH surges, but this is not

follo!¡ed by puberty (Skaggs et â1, 1986). Sinilarily,
creating a preovuJ.atory-ì. ike estradioL surge in prepubertaJ-

heifers does not resuLt in puberty (conzalez-Padi11a et al,
1975b). Puberty can be initiated in heifers given a

combination of estradiol and progesterone, and this is
fol-lowed by norlnal pregnancy rates (conzalez -PadiL Ia et at,
L975c). Hov¡ever, since this treat¡nent is effective only in
aninals near their expected age of puberty and not younger
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aninals, it has recentl-y been suggested that the onset of
puberty is due to the final rnaturation of sone centrâL
mechanis¡n v;hich controls gonadotrophin secretion. This
hypothesís statês that this central_ mechanism is not
responsíve to ovarj.an steroids until just prior to the onset

of puberty, presumably when thè final ¡naturation event occurs
(Dodson et â1 , 1988). What this central mechanism and

rnaturation event are re¡nains undeter¡nined at this tirne, and

further investigation is required to deter¡nine íf this is
indeed the trigger for puberty.
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MA,TERIÀLS ÄND METHODS

3 . 0 Manaqenent of Àni_mal-s

Tv¿elve Simmental crossbred and twelvè Black Àngus crossbred

heífers born during March and April l-986 at the Glenlea

Research Station, University of Manitoba were used in this
study. Six aninals of each breed ¡¡ere pl_aced on a ration
consisting of corn silage and barley concentrate cont,aining O

g monensin/tonne (cont,rol). The re¡naining sj_x of each breed

v¡ere placed on the sarne ration in which the concentrate

contaíned ¡nonensín at a level to provide 11 g/tonne of ration
(rnonensin). After 55 days of this introductory ration, the

level supplied in the rnonensin ration r,¡as increased to the

f j.nal- concentration of 33 g/ tonne . Water and salt !,¡ere

provided ad libitu¡n. At the beginning of the trial , anj_mals

!¿ere fed daily nutrient requirernents and energy content as

reconmended by the National Research council recor¡rnendations

(National Research council, 1984) (Tab1e 1). Energy content

of the ration v¡as increased on day 75 of the trial in ord.er to
increase the daiJ-y weight gains of the anirnals. The test
rations (Table 2) wère fed fron November Z2t :-9g6 to May 26,

L9A7 -



TABLE 1. Nutrient Requirements of Experimental Animals'

Medium Frame Heifer Calves

Body weight (kg):

Average daily gain (kg):

oRequirements:

DM intake (kg):
Protein intake (kg):
Protein (o/a):

Me (Mcal/kg):
NE. (Mcal/kg)
NEg (Mcal/kg):
TDN (7o):
Ca \Vo):
P (Vo):
Vitamin A (I.U./kg):
Vitamin D (I.U./kg):

*Nutrient Requirements of Beef Cattle, National Research Council, 1984.

"Calculated requirements based on expected average body weight over duration of expe¡iments

250

0.455

5.82
0.52
9.1

2.24
1.39
0.79

62.0
0.29
0.21

2200.0
275.0

Large Frame Heifer Calves

273

0.682

6.73
0.64
9.6
2.31
'1.43

0.86
64.0
0.33
0.19

22oO.O

275.0

l\)
l'\)



TABLE 2. Experimental rations (kg Dm offered/head/day)

DAYS OF TRIAL FED:

Angus - Cross
Corn silage
Barlcy silagc
Brome hay
Barlcy
Soybcan mcal
Co I - Salt
Whcat middlings

Simmental - Cross
Corn silage
Barley silage
Brome hay
Barley
Soybean meal
Co I - Salt
Limestone
Wheat middlings

1-66

4.5

67 -'t4

r.ôc
0.15
0.005
0.009

5.0

1.16

0.16
0.009
0.0i4

1"

1.31

0.18
0.009
0.009
0.014

- Control and monensin rations identical except that wheat middlings of monensin ration contained sufficient monensin
prcmix to supply ll g acrivitiy/tonne from days 1 - 55 and 33 g activiry/tonne from days 56 - 1g6.

75 - 150

4.5

sj45

1.05

0.14
0.006
0.007
0.009

151 - 161

1.84

0.25
0.009
0.02

4J

1.84

0.25
0.009
0.02

162 - 1't5

4.5

iou
0.15
0.005
0.009

5.45

r.os
0.14
0.006
0.007
0.009

o:

to^
0.40
0.02

0.03

176 - 186

4.5
1.06

0.15
0.005
0.009

4.5

2.94
0.40
0.02

0.03

i.ot
1.05

0.i4
0.006
0.007
0.009

Ì\)
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Aninals were grouped into pens of three containing the sarne

breêd and ration. The pens were balanced for weaning weight,

age of dam and sire. Pen space was L0 m2 and bunk space !¡as

l-.0 m per aninat in a three-sided barn. Àge and weight of

heÍfers at the beginning and at the end of the feeding triaJ-

are shown in Table 3.

Feed consumption per pen was recorded v¡eekly. Average body

rrreight, taken fron tv¡o consecutive weigh days each nonth, was

used to monitor weíght gaíns.

Estrus behavior l¡as monitored v5.sua11y fron 0800-0820 and

l-6OO-1620 hours daily. ovarian examination by rectal
pa3.pation v¡as carried out June 2 t L987 . At the end of the

experiment on,May 26, !987 all ani¡ra1s were placed in drylot

with the other reptacement heifers from the herd and were

subsequently placed on pasture with a bu1l on June 15, l-987.

Pregnancy checks \,¡ere done Septenber 30, 1987.

3.l- Vo1atile Fattv Acíd Ànal-vsis

Rumen sarnples were obtained from each animal twice

throughout the trial (days L45 and L86) for volatile fatty

acid (vFA) deter¡nination. SampLe collection was approxirnately

24 hrs after the last feedÍng and pH was determined

irnmediately after obtaining the sample. one ml of 25å meta-

phosphoric acid (HPor) was added to 5 nl of each sarnple and

frozen overnight at -20"c. After thawing, samplês were

centrifuged at l-0, 000 rpn for l-0 nin, The supernatant \,¡as



TABLE 3. Average Age and Weight of Heifers on Trial.

Angus-Cross

Simmcntal-Cross

Beginning of Trial

Age Weight
(<iays) (kg)

232 221

237 2lrl

*Ferrell, 1982

End of Trial

Age Weight

418 335

423 33(t

Breed Average for
Attainment of PubertJn

Age 'Weight

410

34tì

309

328
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decanted to a clean vial and stored for gas chromatography

(c.C.) analysj-s of VFÀrs. Ànalysis !¡as performed on a Varian

6000 c,C. l-inked to a Varían Vista 4O2 data processor.

Chronatography $¡as done by using a 2 m long (2.0 nn f.D.)
col-urnn packed vrith G.P. 10å SP-L2OO/LZ H3Po4 on gO/rOO

Chrornosorbo W AW which vras set at an operating ternperature of

L25"C. carrier gas was helium and sarnple size v¡as J..0 pI

(Bulletin #749E", l-975, Supelco, Inc., Oakville, ON, Canada) .

3.2 Radioim¡nunoassavs

3.2.1 Proqesterone

Blood sanples, obtained by jugular venipuncture tv¡o tirnes

per week, \,¡ere analyzed for serum progesterone to ¡nonitor

ovarian activity. Serum was stored at -2O"C until
radioi.mmunoassay (RIA) was perforrned,

Progesterone was determined by the assay originally
reported by Abraham et al- (l-971") as modified by

Yuthasastrakosol et a1 (l-974) and Sheikheldin et a1 (L998).

Progesterone st.andard ( 4 -pregnen-3 , 2 o-dione: Steral-oid Inc.,
t{ilton, NH, USÀ) was prepared in charcoal-stripped serum from

an ovaríectonized ewe. Standards and unknor,rns v¡ere extracted

with petroleum ether.

Labell-ed progesterone ( ¡3H l progesterone: New Engtand

NucLear, Boston, MA, USA) was prepared in the assay buffer to
give approximately 8000 c.p.m. per LOO pl per tube.
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Progesterone antibody (obtained from Dr. N. C. Ra\.¡lings,

Department of Veterinary Physiological Sciences, W.C.V.M.,

University of Saskatchewan, Saskatoon, Saskat,chewan, Canada)

was used at a dilution of l-:l-0,000. Cross-reactivity with
cholesteroL, testosterone, hydrocortisone and estradÍol- 17-B

was 0.47å, o.o4Z, 0.01å and 0.o18, respectively.

Samples vJere assayed in volurnes of 0.5 nI per tube in
duplicate and counted for 4. o ¡ninutes in a liquid
scintill-ation counter (Rackbeta #f2I7. LKB, t{aL1ac OY, Turku,

Finland). The sensitivity of the assay at 95å bindínq was

26.0 pq/Erube (n=8 assays). Repeated assays of heifer serun

pools containing known amounts of progesterone resulted in an

intra-assay coefficient of variation (C.V.) of f .7e". The

corresponding inter-assay C.V. vras 5.44 (Robard et al, L96B).

Unkno\.rn concentratíons were calculated from a smoothed splined

standard curve generaLed by the ínstrurnent RfA progra¡n (WoIdl

L97 4') . AII sanples from each aninal r,¡ere estimated in the

sane assay.

3.2.2

Blood sampl-es $¿ere obtained by jugular catheter for serun

LH deter¡nination, Samples, collected every 20 ¡nin for 7 hrs

beginning at L200 hr, were obtained every three weeks

beginning on day 75 of the trial at an average ani¡nal- age of
3o9 days. A total of six sampling periods were carried out.

Serum v/as stored at -20"C untíl RfA for LH was perforrned.
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LH rlras deter¡nined by the assay originally described by

Nj-swender et aI (l-968) as modified by Howland (l_972). LH

standard (USDA-bLH-I-I-, USDA Reproduction Lab, Beltsville, MD,

USÀ) was prepared in the assay buffer. Label-ted USDA-bI_,H-I-1

1125t-bf,ff¡ v¡as prepared in assay buffer according to creenwood

et al (L963) to provÍde approximately 7500 c.p.m. per O. j. nl_.

Ovine/bovine LH ant,iserum (obtained from Dr. N. c.

RawJ-ings, Department of Veterinary Physiological Sciences,

W.C.V.M., University of Saskatchewan, Saskatoon, Saskatchewan,

canada) was used at a dilution of l-:36,000. Sheep antÍ-rabbit
gamma-globulin (produced in our laboratory) was used. at 5å as

the second antibody.

Assays were performed on 0.2 mI serun aliquots and were

counted for 1 min in a ¡nicro-conputer controlled garnma counter
(Compucanma #L282:. LKB, Wallac Oy, Finland). Total binding
was 23.O2 and non-specific bÍnding (NSB) q¡as 3.0å (n=Lt-

assays). Sensitivíty of the assay at 95å binding v¡as o.o4

ngltube. Serun pool-s containing 0.78 and 12.50 nglnL USDA-

bLI{-I-L assayed repeatedty gave íntra-assay C.V. of S.3å and

l-0.2å respectíveIy. The corresponding inter-assay c.v. wère

8.1-U and 22.82 respect,ively (Robard et â1 , 1969).

Concentration of the unknovrns from the standard curve v¿as

calculated by a micro-computer curve fitted by spline
functions (WoLd, 1,97 4) . Àl-l- sanples frorn any one ani¡naf r+ere

analyzed in the same assay.
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3.3 Statistics
Feed intake, ADG and VFA data were subjected to anafysis of

variancê (ANOVA) using the General Linear Modet (clt"f)

procedure of the Statistical Ànalysis System (SAS, Inc.,
l-985). Mean progesterone concentrations between treatments

vrere analyzed by ANOVÀ.

üI data was initiaì.ly analyzed by the puLsar progran

(Merrian and Wachter, f9a2l r,¡hich identifies baselines, peaks,

amplitudes, frequency of peaks, duration of peaks and

interpeak interval in episodic hormone patterns. This program

removes long-tern trends, such as circadian rhythms, from the

data serj-es to generate a snoothed data series. Each poínt of
the smoothed series is subtracted fron the original rav¡ data

point and the residual series is used to deterrnine peaks

(Merrian and Wachter , ]-9a2). Peaks are defined based on their
anplitude fro¡n the previous nadir point (Santen and Bardin,

L973). Values generated by the pulsar program for each LH

data series were subsequently anal-yzed by cLM ANOVA (SAS,

Inc., L985) . All analysís of variance means were compared by

using the least-squared means after perforning the Bonferroni

adj ustnent .



RESULTS

4.1 Feèd Intake and Wêioht cains

Dry natter (DM) intake lras sinilar for both breeds and both

treatnents throughout the trial (Tab1e 4), Calculated net
energy naÍntenance (NEm) intake and net energy gain (NEs)

intake were not significant,ly different, bet!¡een breed or
treatnent (Table 5).

Daily weight gains over the entire experiment did not
differ signÍficantly (p>0.05) between the two breed.s, however

monensin-fed animaLs did gain weíght at a faster rate than did
controls during the entire trial (Tab1e 6).

4.2 Volatile Fattv Acid production

Volatil-e fatty acid production in the rumen for each

treatment is shov¡n in Table 7. The feeding of monensj-n

increased the percentage of propionate produced, decreased the
percentage of butyrate produced and enhanced total VFÀ

production. Production of the rernaining VFA's did not differ
betv,/een treatrnents. Tab]e I illustrates VFÀ production by

each breed. Àngus-cross animals had a lower percentage

iscbutyrate and a greater percentage isovalerate than did the



TABLE 4. Dry Matter Intake*

Angus-Cross

16.6 t 0.21

Control

16.6 t rJ.26

'kg/pen/day (mean * scm) over entire trial.

Simmental-Cross

17.06 a 0.33

Moncnsin

17.0 t 0.30

Significance

NS

NS



TABLE 5. Calculated NE, and NE, Intake'

Angus-Cross Simmental-Cross

29.0 x. 0.39 30.1 r 0.64

Control Monensin

29.2 t 0.43 29.9 ¡ 0.57

Angr¡s -Cross Simmental-Cross

18.8 r 0.26 19.6 ! 0.43

CONÏROL MONENSIN

18.9 ! 0.32 19.4 * 0.38

*Mcal/pen/day (mean * sem) over entire trial

NE, Intake

Significance

NS

NE* lntakc

NS

Sisnificance

NS

NS



TABLE 6. AVERAGE DATLY GAINS*

Lrle leh Perlod Angus - Cross

Day 1-Day 28 0.48 t 0.05

Day 29 -Day 56 0.39 + 0.05

Day 57-Day 84 0.40 t 0.05

Day 85-Day 112 1.02 t 0.03

Day ll3-Day 140 0.91 t 0.07

Day 141-Day 168 0.90 + 0.05

Day 169-Day 186 0.04 + 0.09

Overall 0. 60 + 0.03

*Kg/head/ day (mean t sern)

Slrnrnental- Cross

0.40 r 0.05

0.17 r 0.08

0.36 + 0.05

1.19 r 0.06

0.92 t 0.09

r..04 * 0.0s

o .22 t 0 .07

0. 63 r 0.04

Control

0.46 r 0.0s

0.23 r 0.08

0.37 + 0.06

1.06 r 0. 04

0. 90 r 0.08

0. 92 * 0.06

0.09 r 0.07

Sfenif.

NS 0.57 t 0.03

Monensln

0.41 + 0.06

0.33 r 0.06

0.39 r 0.04

1.15 r 0.06

0.92 t 0.08

1.01 f 0.04

0.27 t 0.07

0.65 i 0.03

Sienif.

p<0 . 065



TABLE 7. Rumen Volatile Farty Acid Production, by Treatment (mean * sem.)
(n = 48)

Total (mglgm)

Âcctatc"

Propionatc"

Butyrate"

Isobutyrate"

Isovalerate"

Valcrate"

Co n trol

232.3 t 16.03

54.3 ! 2.25

15.6 r 0.60

19.2 ! 250

4.3 I 0.55

5.2 t 0.53

1.5 1 0.13

a = percentage of total

Monensin

282.8 + 17.41

56.U t 0.9

17.6 1 0.50

14.3 + 0.53

4.7 + 0.75

5.3 + 0.39

1.4 t 0.08

Significance

p <0.03

NS

< 0.001

< 0.065

NS

NS

NS

p

p



TABLE 8. Rumen Volatile Fatty Production, By Breed. (mean + sem)
(n = 48)

Total (mglgm)

Acctateu

Propionatc"

Butyratc"

lsobu tyratc"

Isovalerateo

Valerate"

Angus- Cross

245.9 ! 14.99

56.2 t

l(r.3 t

17.0 t

3.4 x.

5.6 *

1.5 t

2.14

0.(r6

2.54

0.37

0.53

0. r0

a = percentage of total

Simmental-Cross

269.2 ! 19.46

54.8 t

16.9 t

16.4 t

5.5 
=

5.0 -F

1.4 x

1.23

0.50

0.7(,

0.80

0.38

0.12

Significance

NS

NS

NS

NS

p <0.002

NS

NS



36

s imnental-crosses. There v¡ere no other breed effects on VFA

production. Several two-rray interactions by sarnpling period

occurred and these are l-isted in Appendix I, Tabl-es 3-9.

4.3 Estrus Behaviour and calvincr Data

Behavioral estrus !¡as not observed in any of the animals in

this trial even though both breeds had reached the target age

and weight required for the onset of puberty (Table 3) and

mean serum progesterone concentrations had risen over 1.0

ng/ml (Figure 2). AII- aninals except one Angus-cross-

nonensin, two Angus-cross-controls and tv¡o Simmental-cross-

controfs had active ovaries as indicated by palpation on June

2 , 1_987 .

Às onset of behavioral estrus was not available to estimate

onset of puberty, date of conception was esti¡nated fro¡n

caJ-ving dates assuning a mean 2a2 day gestation period.

Average age at conception was 456 + 1-7 days (mean + sd) for

control- ani¡nals and 448 f 12 days for rnonensin fed animals

(Tabte 9). À11 aninals conceived except for four of the

simmental-cross-controls.

4.4 Procfesterone

Mean progesterone val-ues for control- and nonensin-fed

aninals throughout the trial- are shoÌ.rn in Figure 2. Two

animals, one Àngus-cross-ÍÌonensin and one S i¡n¡nental-cross-

control were o¡nitted fron the data due to probl-ems with one



Figure 2. Mean Serum Progesterone Concentrations
During Trial, by Treatment *

Progesterone (ng/ml)

Feb 3 13 23 Mar5

* Standard error bars lncluded only where means signiflcantly different (p<0.02)
to red uce clutter.

a = mean animal age of 370 days.
b = mean anlmal age of 384 days.
c = mean anlmal age ot405 days.
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TABLE 9. Average Age At Conception of Experimental Animals *

Control

456 + l"l

- Days (mcan * sd)

Monensin

448 x 12
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Serum progesterone concentrations in the control
aninals rosê significantly higher than the ¡nonensin-fed

heifers aft,er day 165 of the experinent. Two well defined
peaks occurred in the control aninals, one beginning on day

L47 and the second, larger peak beginning on day L58.

Simílari3.y, in the monensin group, a snalLer peak of sêveral

days duration began on day l-68. À second peak appears to have

started on day 174, but is incornplete due to ter¡nination of
the experinent.

As behavíoral estrus was not observed, progesterone

concentrations were used to estinate luteal function. Lutea1

functíon was defined as beginning on the first of at least
three consecutive twice weekLy serun sarnples in ¡¡hich the
progesterone concentration was > 1.0 ng/n1 (Richards et aÌ,
l-989). Any three twice weekly serun sanpLes covered a period

of eight days. While the number of aninals with luteal
activity by the end of the trial !¡as too srnall to allow for
statistical analysis (7 of 24), there are some trends, Àngus-

cross heifers demonstrated luteal- function at an earlier age

than did the sinmental-crosses, with the ¡nonensin-fed Angus-

cross animaJ-s being the earliest of all groups. The rnonensin-

fed S i¡nrnental-cros s heifers were the last group to dernonstrate

luteal function.

4.5 Luteinizincr Hornone

Mean values for basaL, peak arnplitude, number of peaks and
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duration of LH peak secretion are gj-ven in Tab]e l-o. One

Angus-cross-nonensj-n, one Àngus-cross-cont.rol- and two

Sírnmental-cross-nonensin ani¡naLs were not. serialÌy sampl-ed due

to probl-ems with restraining the aninals. There rrras no

overall- breed or treatment effect (p>0.05) for basal I,rI

secretion. t{hen segregated by sanpling period, Àngus-cross

heifers had higher basal LH Level-s at day 75 and day 180 and

lower levels at day L38 than the Sirnrnental-crosses (Figure 3).

control aninals had higher basal- IJI concent.rations than

monensin-fed ani¡rals during four of the six sanpling periods

(Figure 4) but the overal-I effect was non-significant (p>0.05)

(Table L0). There was no overall period effect for basal IJI

(p>0. 05) (Fign¡re 5).

Overall- aurplitude of LH peak secretion was not

significantly different between breeds or treatnents (p>0.05)

(Table l-0). S i¡nrnental- -cros s and Àngus-cross heifers show

almost the same pattern of LH peak anplitude over time except

at day 96 (Figure 6) r,¡here amplitude is much greater for the

S inmental-crosses than the Angus-crosses (p<0.03). control
and nonensin-fed animals do not denonstrate a significantJ-y

different (p>0.05) anplitude of LH secretion at any of the

sarnpling periods (Figure 7 ) . Arnplitude of LII secretion \,¡as

si¡nilar during most sarnpling periods but was greatêr at the

end of the ex¡lerirnent than at the beginning (Figure 8).

overall nean nurnber of LH peaks during each sanpling period



TABLE 10. Serum Luteinizing Hormone Profile Characteristics

Basal LH concentration
(nglml)

Amplitude of Ll{ peak
(nglml)

Number of peaks
(pcr 7 hr. sampling pcriocl)

Duration of LIì pcak
(min)

Basal LH concentration
(nglml)

Amplitude of LH peak
(ng/ml)

Number of peaks
(per 7 hr. sampling period)

Duration of LH peak
(min)

Angus -Cross
(n = 5ó)

5.2 ! 0.27

18.2 x 2.89

0.9 t 0.12

31.4 ! 4.94

Control
(n = 6a)

5.4 ! 0.29

18.4 x 2.92

L.0 ! 0.12

32.7 ! 4.83

Simmental-Cross
(n = 5a)

4.8 r 0.30

22.1 ! 2.92

1.4 1 0.14

41.9 ! 4.57

Monensin
(n = 51)

4.5 * 0.27

22.3 = 2.86

1.3 r 0.15

1,.2 + 4.68

Significance

NS

NS

p < 0.024

NS

Sienificance

NS

NS

NS

NS



Figure 3. Basal LH Concentration According to Breed
(mean -+ sem)
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Figure 4. Basal LH Concentration According to Treatment
(mean + sem)
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Figure 5. Basal LH Concentration by Sampling Period
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Figure 6. LH Peak Amplitude According to Breed
(mean -r sem)
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Figure 7. LH Peak Amplitude According to Treatment
(mean + sem)
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Figure B. LH Peak Amplitude by Sampling Period
(mean + sem)
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v¡as significantly different bet¡,¡een breeds but not by

treatmènt (TabLe 10). S irn¡nental-cross ani¡nal-s had a

significantly greater nurnber of LH peaks than the Angus-

crosses at day 1L7 (p<0.03) and day l_80 (p<0.05) (Figure 9)

while there !¡as a t,rend for greater nurnber of peaks for the

Sinmental-crosses at day 96 and day 1S9. cont,rol and rnonensin

animals fol-l-owed nuch the sane ríse in nu¡nber of IJ¡ peaks over

ti¡ne as there !¡ere no differences bet\,¡een control and

monensin-fed anirnals at any of thê sampJ-ing periods (Fígure

10). There was a significant (p<0.0s) period effect, with
number of I-,H peaks beíng the lowest during the f irst tr¡o

sarnpling periods (Figure 11).

Duration of the LH peaks shol¡ed no overall significant
(p>0.05) breed or treatment effect (Tab1e LO). Angus-cross

and SinnentaL-cross animal-s v¿ere not different from each other

for duration of peak except at day 96 (Figure t_2). control
and monensin anirnals did not differ signifÍcant,Iy (p>0. 05) for
LH peak duration at any of the sarnpling perÍods (Figure 13).

À significant period effect for duration of Llf peak v/as

observed, as duration of the peak was significantJ_y different
(p<0.05) betvreen days 75 and 138, and days 75 and Lgo (Figure

14 ) .



Figure 9. Number of LH Peaks According to Breed
(mean + sem)
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Figure 10. Number of LH Peaks According to Treatment
(mean t sem)
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Figure 1 1 . Number of LH Peaks by Sampling Period
(mean -r sem)
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Figure 12. Duration of LH Peak According to Breed
(mean -+ sem)
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Figure 13. Duration of LH Peak According to Treatment
(mean + sem)
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Figure 14. Duration of LH Peak by Sampling Period
(mean t sem)
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DISCUSSTON

This study represents the first triaL in which hormonal

patt,erns l¡ere ¡nonj.tored in rnonensin-fed heifers during the
prepubertal period in an atternpt to explain the physiological
reason why rnonensin reduces age and weight at puberty in these

ani¡nals.

5.0 Feed/Gain Efficiencv
Monensin in the ration of both the Angus-cross and

Simnental-cross prepubertal heifers irnproved feed efficiency.
Thís v¡as due to an irnprovenent in daiJ_y gains, with no effèct
on feed Íntake. This is in agreement ¡,¡ith the studies in
r¡hich rnonensin supplied to feedlot animals consuming a high
foragie ration denonstrate irnproved feed efficiencies due to
increased daily gains v¡ith no significant change in feed

Íntake (Potter et aI, ).97 6aì Turner et a1, l-977r Faulkner et
al-, l-985i Beacon et al, 1988).

The lack of a significant difference in ÀDG between Àngus-

cross and SimmentaÌ-cross hej.fers rnay have been the result of
thê feeding managenent of the animals. Energy intake and

cornposition of each breedrs ration (Table l_) was based on NRc
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guidelines (National Research Council, j_984) in order to allor¿

for gains such that each breed v¡ould reach its inherent
pubertaL weight at the target age in the spring (Tab1e 3).
Average age and treight at puberty for Angus heifers is 410

days and 309 kg and that for sinmental heifers is 349 days and

328 kg respectively (Ferre1l, L9g2). However, the rations
obtained fro¡n these calculat,ions resul-ted in an actual ADG of
the heifers that was less than expected for the first two

weigh periods of the triat (Table 6). Intake was then

increased for both breeds on day 67 of the trial (Table 2) in
order to correct this but neither breed would consune more

than 4.5 Rg Dtl/head/day of the corn sílage. Thus energy

intake and ÀDG remained below reguirements during weigh period
three. On day 75, silage offered was decreased to the ¡naximu¡n

the animals would consurne and the amount of barley was

increased to make up the energy shortfaLl. This ration l¡as

fed until day 1-62 when intake was reduced in order to keep

daily gains at the desired rate of 0.455 kg for the Angus-

crosses and 0.682 kg for the Sinmentat-crosses. All rernaining

ration changes were based on the availabiÌíty of the feed

source.

Thè very lovr ÀDc for the Simrnental-crosses during the first
74 days of the experirnent resulted in a l-ower overal_I ADG

during the entire trial for this group than was required while
the ADG for the Angus-cross heifers was greater than required



due to bhe ration nanipulations (Tabte

eliminated the ex¡:ected breed difference

I,
in
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Tab1e 6). This

ÀDG.

5.L Vo1atile Fattv Acid Production

Monensin supplernentation resul_ted in an increase in
propionate production from 15.6å to LZ.6t and a decrease in
butyrate product,ion frorn L9.2å to 14.39 within the rumen

(Table 7) lrhich j-s consistent with earlier findings (perry et
aI , L976ì Richardson et, a1, l-976i Mowat et a1, L977t Beacon et
al , l-988). While there was no overall decrease in acetate
product,ion as reported prevj.ousl-y, monensin increased t,ota1

VFA production. This is in contrast, to earlier reports as the
feeding of ¡nonensin at 33 ppn generally has no effect, on total
VFA production (Richardson et, alt !976ì Mowat et aI , Lg77 î

Turner et al , L977). The increase in total VFA productÍon of
the ¡nonensin group in this experirnent denonstrates an

improvenent in the utilization of energy frorn the feedstuff
(Chalupa, I977) since feed Íntake v¡as si¡niLar between

treatment groups but gains were superior for ¡nonensj-n-fed

ani¡nal-s. Breed differences did exist for isobutyrate and

isovalerate production (Table B), but the effect was ¡ninimal

since these two co¡nbined only account for approxirnately 1OU of
total- VFÀ production and no significant breed by treatrnent

interactions were found for any of the VFAts or total VFArs

produced. SeveraL two-way ínteractions by sarnpling period did
occur (Àppendix I, Tables 3-9). However, these interactions
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are rel-ativel-y uninportant because even though production of

some of the VFÀts r¿ere dÍfferent bet!¡een the t!¡o sarnpling

periods, the proportion of each VFA to total VFA production

ltas s j-mi1ar within sarnpling periods.

Overall, the feed intake, ADc and VFA dat,a indicate that
the rnonensin was being supplied to the ani¡na1s in sufficient
quantities such that the document,ed effects of monensin did

occur.

5.2 Estrus Behavior

Behavioral- estrus was not observed in any ani¡nals from

either treatnent group, even though both breeds were at an age

and weíght at v¡hich the onset of puberty should have occurred

by the end of the experíment (Tab1e 3). Level of nutrition and

prêpubertal gains are kno$¡n to influence age at puberty.

Prepubertal heifers maÍntained on an energy restricted diet
are older and Iíghter at puberty than controls (Wiltbank et

41, 1969t Arije and Wiltbankt L97!î FerreLL, L982) . Puberty

is delayed in heifers undergoing conpensatory gains after
being removed fron a 1ow energy diet to a norrnaì- diet,
conpared to animals receivíng a normal energy diet during the

entire trial (Short and BelLov¡s, L97L). Thus, the Ìo¡,¡ rate of
gain during the fÍrst 74 days of the present experiment rnay

have caused a delay in puberty past the end of thê trial even

though gains after day 74 were adequate. This is
substantiated by the observation that by five weeks aft.er the
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end of the feeding trial, by which tir¡e the heifers were on

pasture, 80å of the heifers were activeLy cycling as

determined by ovarian palpat,ion.

Another factor whÍch may have contributed to the lack of
observed behavioral estrus Ís the environment in which the
aninals were kept,. At the end of the experiment,, the heifers
v¡ere removed fro¡n the sma1l pens of three animals each and

pl-aced together v¡ith the rest of the replace¡nent heifers in
the Glenlea herd. Within days, several of the heifers that
v¡ere in the experiment began to show behavioral estrus.
However, records were not kept at this ti¡¡e. Lack of
behavÍoral estrus in ani¡nals fron thÍs herd v¡hich were penned

ín s¡nal-l groups has been docunented previously (trlhite, 1,977) ,

5.3 Procfesterone

5.3.1

conzalez-Padilla et a1 (L925a) !¡ere among the first to
descrj,be serum progesterone concentrations Ín prepubertal

heifers as they approached and achieved puberty. Levels were

below 1.0 nglnl in all animaLs until approxirnately 20 days

prior to the onset of the first estrous cycle. Fro¡n day -20

to day 0 (estrus), two elevations in progesterone occurred.

The fÍrst between days -l-8 to -Li- and the second, Larger

peak between days -9 to 0. The arnplitude of these peaks were

in the order of 1.0 to 2.5 ng/mI (conzalez-padill et aI ,
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L975a). Dodson et a1 (l_9Bg) reported that progesterone l-eve1s

in the prepubertal heífer are und.etectable until- just before
the first estrus. when a s¡na11 elevat.íon of progesterone of
approxírnately six days duration precedes fj-rst estrus. SeruÍr

progesterone Levels in the present study fo11or,¡ the sane

pattern, with l_evels being below 1.0 ng/nl until the tirne
perÍod of expect,ed puberty, when the ¡ûean concentrat,ion of
progesterone then rose above l-.0 ng/m1.

5.3 .2 Luteal Function

As day of first behavioral estrus was not avail-abl_e to
allow for deter¡nination of the day of puberty, the
progesterone data !¡as used to give an esti¡nate of luteal
function of the heifers. An increase in circulating
progesterone concentration > j..O nglrnI is indícatíve of luteal
function if this rise persists for several_ days (Day et a1 ,

L984t Skaggs et aI , 1-996t Richards et aI, 1989t Dyer et al ,

1990t Kurz et al, l_990). This rise nay or rnay not be foLlowed

by estrous cycles of nornal duration. In this experiment,
luteal function was considered to have begun on the first of
three successive biweekly sampl_es in s¡hich progestêrone

concentration was > 1.0 ng/rn1 (Stabenfeldt et a1, f969,
Wetternann et aJ., 1972r Richards et aÌ, L9B9). Àccording to
thÍs definition, only four controL and three ¡nonensin animaLs

dernonstrated luteal function by the end of the experirnent. of
the renaining 15 anirnaì.s, progesterone profiles ranged from <
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1.0 nglml for the duration of the entire t,rial, to isol-ated

peaks of progesterone > 1. 0 ng/nl \,¡ith interpeak l-evel-s < l-. O

ng,/nl . Thus the nunber of anj-mals achieving l-uteal_ function
was too fev¡ for statisticat analysis and the irnpact of
¡nonensin on the onset of Ìuteal- function cannot be assessed..

The delay in the onset of luteaI function v¡ou1d be due to the

sane reasons as the delay in puberty, nutritionat stress

during the first 74 days of the trial (Short and Bello!¡s,

1971) .

5.3.3. Effect of Monensin on serum Procrest'êrone

Monensin dÍd affect serum progesterone as mean progèsterone

Ievels did not rise as dranaticall"y after day 161- as they did

in the control group. There is a lack of infomation in the

literature concerning seru¡n progesterone l-evels in monensin-

fed prepubêrtal heifers. The feeding of rnonensín to post-

pubertal, cycling feedl-ot heifers does not alter progesterone

concentrations compared t,o controls (Horton et aI, l-981).

Superovulated heifers, r,¡hen fed monensin, have a greater

number of corpöra Lutea and a hÍgher l-uteal progesterone

content than controls Ll- to l-5 days after a (FSH-P) challenge

or a cornbined FSH-P - HCG challenge. This is true in
prepubertal heifers (Bushnich et al, l-980) and ín cycling,
pubertal- heífers (Harrison et aI , 1-982). Thus, while ¡nonensin

all-ows for an enhanced ovarian response t,o exogenous pituitary
gonadotrophins, results of the present study indicate that
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progesterone production i,/as 1ov¡er in ¡nonensin-fed heifers
during the prêpubertal period. Since serun progest,erone

concentrations are indicative of C.L. function (Stabenfeldt,
!969) , this v¡ou1d indicate that the devel_opment of C.L. tissue
was delayed in the ¡nonensj-n group. First behavioral estrus
usually occurs L1 to l_8 days after the first of two

consecutive increases in serurn progiest.erone above 1.0 ng/nf
(Gonzalez-padiLla et al, L975a), but it is difficult to
determine if the delay observed in this study would affect
onset of first estrus si.nce the difference in fÍrst
progesterone peak between the two groups was 21 days and

behavioral estrus was not observed prior to the end of the
study.

5,4 Luteinizing Hor¡none

LH data in thís experiment agrees with previous reports
that LH secretÍon and LH pulse freguency increase as puberty
approaches in beef heifers (Day et al , L984i Day et al_, l-986;

Dyer et aI, 1990,. Kurz et aI, 1990). Arnplitude of LH

secretíon and duration of LH peak were both greater at the end

of the experirnent than at the beginning. Number of peaks per
sanpling period aLso increased during the later stages of the
experiment. Although estradiol concentrations were not
¡nonitored in this triaì., this increasê ín LH secretion is
presumably due to decreased estradiol inhibition on LH

secretj-on (Day et al-, 1984) r¿hich is in agreernent with the
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Itgonadostatrr hypothesis presented by Ranirez and McCann

(]-e63).

5.4.1 Effect of Nutritional Stress on Serun l,H Levels

Energy restriction can delay puberty in heifers as wel-l as

reduce LII pulse frequency and concentration during the

prepubertal period (Day et al, 1986). LÌI pulse frequency and

concentration are also reduced in ¡nature beef cov¡s who are

nutritionally stressed to the poÍnt of becorning anestrus

(Richards et, aI , 1989).

Kurz and co-workers (1990) denonstrated that suppression of
the prepubertal rise in IJt due to a Ìow energy diet may

ínvolve two components. First, suppression rnay be due to
prolonged steroidal/ovarian inhibition of LH secretion since

both intact, and ovariectornized then subsequently estradiol-
irnpJ-anted heifers, fed a l-ow pl-ane of nutrition do not

de¡nonstrate a decrease in estradiol inhibition of LH. LH

secretion rernained basal and non-pulsatile throughout the

tríal. Intact and ovariectornized/estradiol-irnplanted animals

fed an adequate level of energy did experience a decrease in
estradiol inhibltion since LH secretion increased throughout

the experiment. Secondl-y, ovary independant suppression of LH

secretion, presunably by direct action on the hypothalano-

pituÍtary axis rnay occur. OvarÍectonized heifers fed a low

plane of nutrition demonstrated a reduced increase in LH pulse

frequency cornpared to those fed control" diets. Thj-s ¡+as
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acconpanied by an increase in cnRH-induced LH peak arnplitude

and frequency conpared t,o animals fed sufficient energy diets
(controls). The authorrs conclusion was that undernut,rition

in ovariectonized prepubertal heifers resulted primarily in a

decrease in the rate of cnRH release fron the hypothalamus

rather than an alteration in cnRH synthesis, pituitary
responsê to GnRH or pituitary stores of LH (Kurz et aI, l-990).

Inclusion of monensin in the diet may have a beneficial
effect in this regard. Às rernoval of useful feedstuff energy

is enhanced in ani¡nal-s fed rnonensin (Chatupa, 1977), these

animaLs are in a superior energy balance cornpared to controls
on the sa¡ne ration. Thís could serve to elininate any

nutritional stress inadvertantly imposed on the animals by the

ration. Since undernutrition has an adverse effect on LH

secretion by decreasing the rate of cnRH release from the

hypothalanus and thus delaying puberty, nonensin nay hel-p

prevent this in anínals by elirninating or reducing nutritional
stress.

During the first 74 days of the present experirnent, both

breeds of heifers were nutritíonally stressedi the Sinmental-

crosses to a rnuch larger extent than the Angus-cross. This

deficiency in energy level supplied coul-d have caused the

delay of puberty in both breeds (Short and Bellows, 1971), but

the difference in plane of nutrítj-on !¡as probabfy not great

enough to affect Lli releasê patterns (Day et aI, l-986). No
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overall breed effect was present for basal- I,I¡, LH peak

amplitude or duration of LH peak. Nunber of peaks was

significantly greater in the Simmental-cross heifers although

these animals were energy strêssed to a larger degree than the

Angus-crosses. This can be interpreted as a lack of an

influence of undernutrition on LH secretion as the anount of

feed energy taken in by each animal was different bett¡een

breeds, not treatnents. ThÍs was most evident during the

first sampling period done on day 75 of the experirnent. The

Sinmental-cross heifers were still nutrÍtionalIy stressed to

a greater degree than the Angus-crosses as thê ration
correction had not been rnade at this tine, but no significant
differences s¡ere presênt in L,H release characteristics except

for basal Lêve1s. Even though basal- LH concentratíon was

Iower in nutritionally-stressed Si¡nrnental--cross group at this
time, it was not due to undernutrition as underfeeding reduces

basal- LH concentrations to bel-ow L.0 ng/n1 (Day et al-, l-986).

Thus, any change in LH secretion betr,ireen control and

monensin-fed heifers should be due to the ionophore itseJ-f ,

and not because of differences in energy suppì-ied to the

animals.

5.4.2

LH secretion characteristics

trends in both the rnonensin and

that nonensin did not radically

foLlowed the sane generaJ.

controL groups, indicating

al-ter the physiology of LH
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secretion. Àmplitude of LH peak, nunber of I-¡H peaks per

sanpling períod and duration of peaks lrere not signÍficantly
affected by feeding monensin during any of the six sanpling

periods. However, for these three variables, there was a

general non-significant trend for the values to be greater in
the ¡nonensin group than control-s. This Lrend may have

affected basal L,H concentrations at sêverâL of the sarnpting

periods in'the ¡nonensin group. The pulsar program used to
calculate the reLease characteristics of episodic LII secretion

renoves values considered as peaks fro¡n the cal-cul-ation of

basal- concentration. Thus the trend tov¡ards a greater nunber

of peaks ín monensin-fed anirnal-s resulted in the re¡noval of a

greater nunber of high concentratíon data points from the

basaL concentration calculations and may account. for the lower

basal levels in the monensin group. Although this trend nay

have affectêd basal I',}I concentrations at severai of the ti¡ne

periods, the overall effect of rnonensin on basal LH !¡as non-

significant (Tab1e 1-0).

Moseley et aI (l-982) put forth the hypothesis that monensin

decreases the age of puberty in beef heifers by causing an

earlier rnaturation of the endocrine syst.ern(s) responsibl-e for
puberty. This is based largely on the observations that
feeding monensin or infusing propionate enhances pituitary
release of LH after :nultiple cnRH injections (Randel and

Rhodes, 1-980, Rutter et ê1, 1-983) or an estradiol--17p
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injection (RandêI et aI , L982) in prêpubertal heífers. Data

from the present experinent is in direct contrast with these

findings as rnonensin did not significantly affect serun LH

concentrations or release patterns. However, in those

experiments that measured pituitary response after GnRH or E2

injection in ¡nonensin-fed or propionate-infused aninals,
pharnacoì.ogícal doses of hormones were ad¡ninistered. These

challenges were approxirnately 10, OOO tines greater in
concentratj-on than that norJnalLy found in the peripheral

circulation (Rande]- and Rhod.es, l-98O; RandeL et at, f9A2,

Rutter et aI, 1983). Thus it is difficuLt to expect the same

pituítary response under tv¡o greatly diffêrent hor¡none

concentrations.

Therefore, t¡hile ¡nonensin does increase pituitary LH

release after ad¡ninistration of pharnacological doses of

exogenous hormones, it does not appear to carry out its
effects on puberty through ¡nodification of endogênous serun LH

levels. Às the ¡nechanism by which puberty ís triggered

remains unknown, it is possible that rnonensin does affect this
trigger to enhance the onset of puberty. Further research is
required to identífy the event responsib)-e for the onset of
puberty and to determine if monensin does affect it in sorne

way.



SUMMARY

Feedj-ng nonensin sodium at 33gltonne to prepubertal heifers
irnproved daiJ-y gains but had no effect on feed intake conpared

to controLs.

Total- VFA productíon and propionate production v¿as

increased in heifers fed monensin whil_e that of butyrate was

decreased.

Behavioral estrus was not observed Ín the experirnental

heifers, and this was partially due to a shortfall in dietary
energy consuned during the first 74 days of the trial .

The rise in mean serun progesterone concentrati.on after day

l-61 of the trial !¿as greater in control- ani¡nals than monensin-

fed anirnals.

Monensin did not significantly alter serun LH

concentrations or release characteristics compared. to
controls.

It is concluded that, the effect of monensin in decreasing

age at puberty is not rnediated through a change in episodic LH

rel-ease or serum progesterone concentrations.
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TABIE 1: Analysis of Variance Table for Dry Matter Intake

Source df MS F p Value

Breed

TRT

Breed*TRT

Error

Pe¡iod

Breed*Period

TRT*Period

BreedxTRT*Period

Error

Total

1 6.79 0.30 0.6135

L

1

4

22

22

88

183

6.51

69.02

20.67

42.16

3.25

0.91

1,52

0.96

0.31

3.34

44.05

3.39

0.95

1.59

0.6047

0.1417

0.0001

0.000i

0.5345

0.0679

))

22
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TABLE 2: Analysis of Variance Table for Average Daily Gain

n Vchre

Breed

TRT

B¡eed*TRT

Error

Total

1

1

I

20

23

0.004

0.037

0.017

0.010

0.35

3.81

1,.74

0.s580

0.0652

0.2027
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TABLE 3: Analysis of Va¡iance Table for Total Volatile Fatty Acid Production

TRT

B¡eed

TRT*Breed

Error

I

.1

1

20

30545.U2

65AJ4

1296.08

5298.06

21188.56

15233.09

981.97

695.04

7860.64

5.77

7.23

0.24

2.70

r.94

0.r2

0.09

0.0262

0.2797

0.6263

0.1163

0.1792

0.7275

0.7693

Period 7

TRT*Period 1

Breed*Period 1

TRT*Breed*Period 1

Error 20

Total 47
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TABLE 4: Analysis of Variance Table for Acetate Production

Source df MS F p Value

TRT L '16.76 L.4t 0.2492 
|

Breed L 23.07 0.43 0.5211 
|

l

TRT*Breed 1 146.04 2.70 0.1159

Error 20 54.07

Period I 5M39 8.01 0.0104

TRl'*Period L 265.L2 4.21 0.0536

Breed*Period 1 13.39 O.ZL 0.6498

TRT*Breed*Period I 13.79 0.2L 0.6522

Error 20 63.00

Total 4'].
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TABLE 5: Analysis of Variance Table for Propionate Production

.lf n Vqlrre

TRT

Breed

TRT*Breed

Error

Error

Total

1

t
1

20

48.31

3.13

3.99

3.33

162.0t

0.07

8.32

L.45

4:2ß

t4.53

0.94

1.20

38.04

0.02

1.95

0.34

0.001r

0.3438

0.2864

0.0001

0.9023

0.1776

0.5659

Period 1

TRT*Period 1

Breed*Period 1

TRT*Breed*Period 1

20

47
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TABLE 6: Analysis of Variance Table for Butyrate Production

TRT

Breed

TRT*Breed

Error

Period

TRT*Period

Breed*Period

TRT*Breed*Period

Error

Total

1

7

1

20

286.t7

3.83

125.73

74.72

72.42

173.44

72.86

29.94

8i.87

3.83

0.05

1.68

0.88

2.72

0.89

0.37

0.0645

0.8232

0.2093

0.3582

0.1610

0.3567

o.552t

1

1

1

1

20

47
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TABLE 7: Analysis of Variance Table for Isobutyrate Production

n Vahle

TRT

Breed

TRT*Breed

Error

Period

TRT*Period

Breed*Period

TRT*B¡eed*Period

Error

Total

1

7

1

20

1.91

54.9t

8.2L

4.04

0.47

13.61

2.03

57.26

0.i5

11.78

0-70

0.4990

0.0015

0.169i

0.0001

0.7006

0.0026

o.4142

L

1

1

1

20

+t

2L4.29

0.57

44.08

2.60

3.74
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TABLE 8: Araþsis of Variance Table for Isovalerate Production

df

TRT

Breed

TRT*Breed

Error

1

1

1

20

0.i3

5.29

0.87

1.43

13232

10.68

19.65

2.60

1.92

0.09

3.7t

0.61

69.07

5.57

r0.25

1.36

0.7664

0.0685

o-4443

0.0001

0.0285

0.0045

0.2580

Period 1

TRT*Period 1

Breed*Period 1

TRT*B¡eed*Period 1

Error 20
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TABLE 9: Analysis of Variance Table for Valerate Production

Snrrr¡e rlf n Valre

Breed 1,

TRT'Breed 1

Period 1

TRT*Period 1

B¡eed*Period 1

TRT'Breed*Period 1

Error Z0

0.25

0.01

0.86

039

0.65

0.04

2.2r

1.53

0.63

0.24

2.L6

0.4298

0.8501

0.1531

0.2307

0.4373

0.6262

0.1569

0.29

0.72

0.05

0.41

0.19
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TABLE 10: Analysis of Variance Table for Mean Serurn Progesterone
Concentration

TRT 1, 92,40 7.t0 0.0079

Date 3L 21.69 1,.6i 0.0142

TRT*Date 31. 1,4.99 1.15 0.2642

Er¡or 575 13.01

Total 638
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TABLE 1.1: Analysis of Variance Table for Basal L-H Concentrations

Breed

TRT

Breed*TRT

Error

Period

Breed*Period

TRT*Period

Breed*TRT*Period

Erro¡

Total

1

1

1

t6

5

5

5

5

70

109

743.61

3752.76

637.64

2056.95

37.49

271.93

386.50

73r.36

74.85

0.36

1.82

0.31

0.50

3.63

5.16

t.75

0.5561

0.1956

0.5854

0.7746

0.00s6

0.0004

0.1336
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TABLE 12: Analysis of Variance Table for Amplitude of LH Peak

Snrrrce df n Valrre

Breed L

TRT 1

B¡eed*TRT 1

Error 16

Period 5

Breed*Period 5

TRT'Period 5

Breed*TRT*Period 5

Error 70

892.82

84533

275.70

648.11

569.28

368.97

447.M

442.08

425.94

1.38

1.30

0.33

1.34

0.87

1.05

t.M

0.2577

0.2702

0.5720

0.259t

0.5083

0.3958

0.4024
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TABLE 13: Analysis of Variance Table for Number of LH Peak per Sampling Period

n V¡luedf

Breed

TRT

BreedÍTRT

Error

Period

BreedtPeriod

TRT*Pe¡iod

Breed*TRT*Period

br¡or

Total

1

1

1

16

5

5

5

5

70

109

9.66

5.29

0.48

1.56

2.50

.51

0.18

L.73

0.73

6.21

3.40

0.31

3.44

0.71

0.25

2.39

0.0241,

0.0837

o.5877

0.0077

0.62L4

0.9373

0.0466
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TABLE 14: Analysis of Variance Table for Duration of LH Peak

Sn¡rrce df n V¡hre

TRT

Breed*TRT 1

Error 16

Period 5

Breed*Period 5

TRT*Period 5

Breed+TRTtPeriod 5

Error 75

Total Lt4

4U3.84

2926.70

1003.87

1662.66

1703.48

1001.82

269.56

894.02

1201.80

2.43

1.76

0.60

1.42

0.83

0.22

0.74

0.1384

0.2032

0.4485

0.22ß7

0.5303

0.9508

0.5933
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Table 1. Feed Intake
(DMS = kg dry l¡atter intake siJ.age per weighback
period; DMG : kg dry natter intake grain per
weighback period; DÀYS = days within each
weigh.back period) .
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Tab1e 1, cont.
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Tab1e 2. Àverage Daily cains
(where WTnn : weight in kg; first. nu¡nber in wTnn
represents veigh period nunber and second numLler
represents first or second consecutive weigh day)

rn c¡ fi et lo ôrôt(j, l.r ct€tn (Þ lo rt ! O ? ? rl) O O r.t.i!r (, ç q f n c¡ I (l Lîñ lll o - cJ Úl q (l (D ur ul r| cl cl
c.l cr al (.. al (\l at at ôr c.r ôr ct r.a cr cr ci îi d 1r õt c{ c{ a{ îl

crcrOOt,@ arc'{ ! c.|1rr l| ()c,d.rcrr c)r crOr ro !r q. cl cr ? ar tfrúrrn O - crt,| r aar, n lr| ai c.¡ cr
c.l cl cl ôl ôl cr aa ôr c.r cr cir or c\r a-i ct cl cr ci cl ct cjl ... c.l c.l

(o (o (o oar l'ñ(0 € cr o o ar é !r.r rr (! o r @ rr cl flct v c|clclc¡ q-È-a'rf1 -?!qct--(.1 cìr ôr (.a al ôr ôt a.a al aa cr aj cr tY c{ n' N 1l îi

O0'ôlr('úrOfi -.'OO q ? É(D e r-¡ rì¡. - - e rtf <l çc'clctcrc¡al - crrlc{l,'l rJ utct--(l a! Ci C.l ôl 1l ai ôl ôl Cl ajr ôl tl îjl cl (Y 1r cl C{ tt Cl cl al ta

o clg, Í ? ct (!toctro é (D (tÈ' € ó r, cr cr It ll' @ ol r,
al (' c| - crtîl oôtoct - ct o - o - cr --r rr cr - o.| or
cl cl a.l cl a{ ajr rr ôr c{

{ 1. orn.i ornF. - - oé (Þ r- -.r (9 cr N (, (.' o o t¡r
a{ cr :r - cr cr o - o c' cr cr o - o - d o.: cl c) rv o 0l

? ooo? € @(Þ qr1' ('(o { oé()(tNNo o ! ai.r
- ri c' - - - 0l O0lc.t - - ()r.r c¡l - c. Ocr.rN - Oøalclclclclol-c,r-

oo1r| ? onrcic'c{or,fl dÞ o ? = U}.: cro ot rÐ.{fl (1 _ _ e O_ ON_ cr O _ O_.. O r)rriì..O6)
clorcrcldfrficlrfi

IIl(J(,(J=II(,(JU9(J(Jf : = ã:ã()(J(,

at
F¡

t-¡

F

'

t-
!

Ft

F

'
o
]

o
]
È
tl,-

o

d
dt

z
o-

z

o

-¡-|'¡1t¡î t¡t ct ct tl f'- r.- È- aÐ o e r -r r r.o (' r.Þ cjr c{ ct

l'- (o (o cr ql Ol (, (.r (, lJ'r ct F cir gl ol ir @ gr cr (.l 6 (9 O -clc¡rþ -cicr? tt !t@€ !-*roNctF. l'|Jl

- crct ? úr(Þl. @or o -.rÕ r trlj! È, @ ci o- arf,r.t



F]
Þ

ts
o
N

3t7 0
5Jlf ê350 ;

330
353
312
3r2
342
335
3r2
350
3t5
297
295
3 ro
3Gt
3GO
3r2
377
35S
378

3?7
325

o8s aNtMAL PEN SREED 'f RT !rr4 l 42 lr15 r UT52 Ul6 f !rT62 r,rf 7 | Uf 72 UIA I ïT82

325 325 325
3s5 350 3s9
346 344 349
338 338 330
352 348 356
3 t9 322 309
3r3 3!4 3r3
33G 339 342
326 32a 335
325 32Â 322
394 356 354
340 JÁ2 340
298 205' 294
292 302 298
3r2 309 3r3
360 360 369
3¿6 355 357
302 304 3r2
380 382 3e3
346 J45 357
368 369 3g I
324 309 3 rS
320 323 327
326 332 329

27A 300 2SA
304 325 324
293 3r4 316
28Â 318 322
300 332 333
276 297 302
27Å 28f 245
2A2 30¡ 3r7
276 294 298
279 298 2S8
JO2 312 335
293 308 3 r0 .

247 256 260
246 268 274
263 282 2SS
302 332 340
288 3 rO 314
258 274 27A
320 348 358
30¡ 326 322
295 332 339
272 286 284
264 290 29S
276 290 298

t 252 249 213
t 274 276 29S
M 256 259 292
c 250 256 280
c 263 26A 295
c 2¡8 253 27 A

t1 242 244 268
M 248 256 2€O
tl 244 248 274
c 252 252 27A
c 272 27 | 303
c 2Ê¿ 261 289
c 20Û 2 16 2tG
c 220 220 24 t
c 230 236 256
M 258 260 300
M 254 254 283
tt 228 225 2É4
M 276 2A2 322
M 268 270 302
M 256 2Ê7 294
c 232 238 210
c 2JO 234 2Ê2
c 2.¡b 2¡O 27O

\o
o

127 I
2 36 I
3 66 I
¡35
5 19 5
6 29 5
72c3
I 43 3
9 46 3

ro 45 1
rr B3 7
t2877
13 2 B
t{ 5 B
f5 49 I
16 t2 4
l7 tB 4
rB 69 4
f9 22 6
20 33 6
21 7A 6
2262
23 .¡O 2
2,1 5t 2



99

Table 3. VolatiLe Fatty Àcids
(all vaLues nq/S).

P

P^REsco
R¡EP
E¿Î1
E6¡O
DòcN

lÂ
SLT
oEO
VRT
AIA
LCL

a
¡U
ST
o Y.
BR
UI
TC

ol
BIR
5DT
t2C
22C
33C
43C
55C
65C
76C
86C
I t2 M

ro !2 M

tr l8 H
12 t8 M

t3 l9 c
l4 t9 c
1522M
16 22 M
1726M
18 26 M
f9 27 M

2027Á
21 2S C
22 29 C
23 33 M
24 33 M
25 36 M

26 36 M
27ÄOC
2440c
29 43 M

30 43 M
3t 45 C
32 45 C
33 d6 I,t
34 46 H
35 49 C
36 43 C
37 5t c
38 5t C
39 66 M
40 66 M
4t 69 M
42 69 M
43 ?A M
44 ?8 M
45 83 C
46 83 C
4787C
48 87 C

I
2
I
2
I

I
2
f
2
I

I

I
2
I

f80.373
63.240

I 1o.317
95.O22

158.56t
I t5,2¿6
t47.675
r 12. ?56
85 .75,1

r53.663
r 80. I25
30l.or3
108.947
120. t45
l7ô.711

G r .287
15t.7¿5
205 .5d{
l¡18.329
t37.6t5
239.953
t52.979
2Og .96¡l
I ta.172
166.879
I r9,99 r
197,537
t46.63?
2r8.702
t67.7t9
i80.7¡2

5 .657
rc7.236
r70-303
22r.99t
55.909

r23.676
r€8.872
r 79 .957
127.32.¡
lo7.3 r r

285. t 70
194. f ¡ I
7t.808

t68.368
93.298

ro9.39 I
?8.67f

55.02r4
¿13 - 068 7
27 .65s9
33.r664
50. 5333
40.t6t7
36.9 r50
32.Ot98
35.2669
38,9r88
d8.3t39
59.ó358
29.3339
35.4606
¿6.7¿09
24.863t
{ r . 03 ¡1d

39.2639
36.9629
28. 02?5
Gt,¿983
38 .9850
s2 . a295
33,2574
28.6696
30. r¿24
50. 5029
33.Or8t
50. ? r52
d3. 0887
42.8ÅO7
46.9952
35.330r
29.8585
55.5247
30. t892
30,cl672
36.2253
35.05t2
29.?r23
3?. tc.5
¡9.d276
55.9702
29.1a72
¿6.3235
26.I8C8
33.7355
21 . 1212

308 .73S
157. ¡t93
180. 804
184. t73
275.906
222,131
239.522
2tt.635
166. S95
281.28 r

313.73t
496.398
182.949
217,577
305.535
139 . 04 ¡t
210.22A
313.122
259.265
234.O?5
39¿.3t6
268 . 09g
3?O.6f6
222.636
270.612
212.1Á8
328. t55
258.490
363.52 r

29€.955
295 . 186
62.955

280. 900
242.313
369.850
! 25.094
201 , 579
29t.G2t
282.3r5
2r9.3tO
206.9d7
456.875
340.9Á6
r 70. o27
2AA.221
173 .620
188.43Í
l¿a-9ar

53.52A3 5 -O59a
t9.0569 t2. t5t¿
33. I r98 3.7{39
25. r736 8.9r23
5r.6687 4.5636
30. G384 t.. ?829
39.5603 5 - 703 2
34 .0799 t8.5253
26.55{2 5.626 t¿12.60¡8 2 t .5OSB
6O.94a9 7.9do2
S7 .3832 2¡1. ¡1832
30.96?7 5. t829
29.57,¡c lO- I165
60. l¡158 8.2249
r7.8273 22.862r
5r.1509 5.53¿t
58.7t62 f3.O¡?3
53.?84¿ 6. t85{
31.6327 tO.¡70f
70.9677 ?.066t
39.5883 r2-5t05
77.1882 9.d9?5
36.5583 20-3285
55. t245 S-7414
28.9999 9.2167
59.6509 6.8388
¿4.7966 t8.838t
7r.dé3t 7. t3t8
50. r27d t2.7t13
53.7-aO€ 5.6933

3 . r 709 0. oêco
57 -O8O2 6.7O32
48.563r I t.5888
63.2858 9. t5C5
14.6279 I t.597 t
32.59?r 5.O38t
53-95¡2 r 7 .866 I
52.063 r 5.37.!O
32.2165 9. t¡36
¿ r.6977 5.56CO
76.6 t 55 2.r. ?8¡5
65.C250 8.4?C2
28-5777 23.2788
d8-287.¡ 7.3939
24.8386 t4.2 t64
30.8 705 5.0865
20.2520 f o.26 r6

4.656¡l 5.O99O
l¡1.7580 5.218t
3.6467 2.2909

17.92?3 3.971I
6.2054 4 ,3735

16.6447 ¡l .060l
6.A532 2.Bt5t

rr.9t33 2.3422
t1.5030 2.t9rt
20.7590 3.826 t
t2.1508 3.5559
r8.99 r 4 5.09t9
6.2511 2.2Ê2A

l1.5t t8 {.7689
12.3009 3.38 12
ro.20f o 2.oo3 t
r I .2708 3.4930
2 t . ??64 4. ?6¿6
8.8??9 5. t25t

21.072¡t 5.2572
8.58r8 6.2495

19.707 7 4.3278
t ?.0780 5. t 592
r1.6707 2.3494
9.Ad8t 4.3730

i9.59d8 4.?732
9.8399 3.7857

r2.7S42 2.4 t58
t2.0600 3.d689
20. 0066 3 . 299 r
8.7065 3.4t27
6.5d t3 0. 0000

to.92 7 ? 3.6228
18.6r64 3.4428
r3. rs40 6.7443
9.3232 3. ¿¡l?6
7.6396 2,56t5

r I .85{9 2.8482
6.788¡ 3.0753

r6.8967 3.9869
r r .9069 3.3667
r 7 .356{ 3.52t3
r2.9328 4.4568
I .17 22 L 8{34

12.?393 5.itd8
r t.8076 2.d785
7.5r¿6 L 8332

I o. 59 ?.5 2.0746
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Table 4. serum progesterone
(Date = sÀs date !¡here 9895 = Feb. 3, :-ga7 ì
P4 = ng/ml progesterone; 0.0 : undetectabl-e
l_eve1s )

o8s t0 SREEO rRf oÂIE P1

I ¿9 s c sB95 o.ss.d?j 19 s c e8e7 o.d¿886
9 19 s c 9902 o.2s¡tz8
! 19 s ' c secs o. rgo¡ts
! 19 s c 9-oo9 o.36ts6
9 49 S C ssrz o.29ts97 49 s c 99t9 o.¡¡?s6s
I ¿9 S c 9923 o.¡tBr6o
.! 19 s c 9926 0.39329!o 49 s c 9930 o. ¡¡g?sq
!.! os s c 9e33 O.236Os
l? 4s s c set¡o 0.30!06!1 ds s c 99d. o.28O22!1 as s c 99¡¡r 0.29687ll ¡ts s c 99sr o.3r3d4
!l 49 S c 99S¡r o.29r25l7- dg S c gs6r o.ds3t3
ll 4s s c ss65 o.2?o3s
l! 49 s c 9968 0.34233
?o ¡9 S c 99?2 O.¡rtrg
?l ¿9 S C ssTs O. t699s
?? ¡9 s c 9-oB2 o. r668s23 49 S c 99g6 o. t8gt?
?1 ¿9 s c seas o. r39G4
?! ¿9 s c 9s93 o.8???d26{9Scoqoq¿b 4s s c 9995 0.96t¿O
:l 41 s c roco3 o. ??672

q r À ¡t 9997 2 .2627 429 ¿3 Â H 9902 t.O46?330 ¡13 Â H 9-oO5 O.6t293
3 f ¡13 À ¡{ 9909 O.23s,1632 d3 Á H 99t2 O.761t?33 43 Â r¡ 99 19 LO295 t34 43 Â r{ 9923 O.BG5G,i35 d3 Â . tr ,0926 O.95g t536 43 Á r¡ 9930 0.6?90 |37 {3 Â tt 9_033 0,¿823338 Á3 Â H 993t O.d295J39 43 A ¡.t 99¡tO O.dt?s?{O 43 a x 99d¡ O.ttT B{l ¡3 A H 99.t? O.StttsÁ? ¿3 Á 14 995 t O.3t62343 43 Â H 995Á 0-53288Á4 .63 l ¡¡t 9958 0,28390

996 I O.66920
9965 0. ? 16 r9
-o968 0. ¡2736
99? 2 0. 6093 r
9975 0. ?823€
9979 0. t?250
9982 0.2t557
9986 0.2708 I
-o989 0. {29 tO
9993 0. 28901
9995 0.3295{'
lccco o. 6 1346 5
rcÐo3 0. 258I86

45 13 a ¡t
d6 d3 Á t{a1 ¡3 Â M
48 ó3
¿9 43
50 ¡3
5f 43
52 43
53 4 3
54 4 3
55 ¡ 3

43
{3

t{
t{
H

''lH
M

t¡
l.{

H
H

56
57
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Tabl-e 4 , cont..

I t9
2 t9
3 19
¡l ts

OBS IO AR€€O ¡RI DÂIE ?4

c 9895 0.OOOO
c 9897 0. 258 I
c 990s o.oooo
c 9909 0.oooo
c 99 12 0. 0954
c 99t9 0.OOOO

. c -o923 0.OOOO
c 9926 0. Oc\oo
c 9930 0. OOOO
c 9_033 0.OOOO
c 99¿O O. COOO

5 t9
6 t9
7 t9
a t9
I t9

ro t9
I I t9
12 19
13 tg Â
tc t9 À
t5 t9
16 tg
17 19
t8 l9
19 t9 Â

20 19
2l t9
22 19
23t9Â
2.t t9 A

25 t9 Â

C 99¡14 O. OOOO
C 99¡¡ 7 O.OOOO
c 995 t O. OOOO
c 995¿ O.OOm
c 996 t O. OOOOc -0965 0. oooo
c -0968 0.OOOO
c 99?2 0. OOOOc 99?5 0.6389
c 9982 0.0?98
c 9-086 5.85{9
c 9989 ?.9382
c 9993 tt.??20
c 9995 rr.5BG2

c -0923 0. ?208
c 9926 0,3807
c 9930 0.365d
c 9933 0. 703 I
c 99do o.5,r8r
c 99¿ d O. {?3O
c 99¡7 0. 18 t¿
c 995 t O. 09¿ 6
c 995¿ O.3 fC6
c -o96r o.29t7
c 9965 0.5335
c 9968 0.2525
c 9972 0.50¿¿
c 9975 0.26¿7
c 9982 0. OOOO
c 9986 0. 1690
c 9989 O,rO74
c 9993 0.2r2r

s c 9995 0.3627

Á

Â
Â

Â
Á
â

?€ 19 Â c tcÐo3 0.99{227 2 S C 989s o.sait
2A

30
3t

33
3d
35
36
37

40
4t
42
43
44
45
46
Á7
48
¿9
50
5r

s c 989? O.3t?6
s c 9902 0.¿436
s c 9905 0.5t2I
s c 9909 0..{6r
5 C 9912 0.?8¡3
s c 9919 0.d892

. s3 _2___-_____t5_ c _læp¿_s_!:-qg_
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TabLe 4, cont.

oas ¡o BRE€o ¡et OAT E P4

t64 69 5 0. oooo
t65 69 S

t66 69 S
tG7 €9 S
168 69 S
169 69 Sl?o 69 sl?r 69 s
172 69 S
t?3 69 S
t7Á 63 S
t75 69 S
t76 69 S
177 69 S
t78 €9 S
t79 69 S
t80 69 S
i8t 69 S
i82 €9 S
r83 €9 S
18ó 69 5
r85 69 S
186 69 S
t87 €9 S
r88 69 S
r89 69 S
190 6s s
tgt 69 S
192 69 S
f93 69 S
t94 €9 S
r95 69 S u iOCO3 O.OOOOOO
196 51 5 C 9897 0.145796
197 5 r

198 5 t
{99 5t
200 5 r

20t 5l
202 5l
203 5l
204 5t
205 5t
206 5f
207 5l
208 5l
209 sr
2 ro 5 r

2lt 5t
2t2 5r
213 5 r

214 5t
215 5l
2t6 5r
2t7 5t

¡r 9897 0. OOOO

r,r 9902 0. oooooox 9905 0. 1 r ?o8Á
H 9909 0.OOOOOOn 99t2 0. oooooor,r 9916 0. oooooo
M 9919 0. OOOOOO
H 9923 0. OOOOOO
r.r 9926 0.OOOOOOr{ -0930 0. oooooor.t 9933 0.OOOOOO

f. -493 ? o.oooooo
l¡ 99¿tO O,OOOOOO
H 99{4 0.OOOOOO
H 99.¡ ? O.OOOOOOr.r 995 t o.oooooo
u 995¡l O.OOOCOO
lr 9958 0.239700
H. ,o-o6t o.oooooo
r.r 9965 0. OOOOOO
r{ 9_068 0. oooooo
11 9972 0. OOOOOO
r{ -0975 0. oooooo
r¡ 99?9 0. OOOOOO
r{ 9982 0. OOOOOO
11 9986 0. OOOOOO
11 9989 0. OOOOOO
r,r 9993 0.OOOOOO
r{ 9995 0. OOOOOOH rooco o. oooooo

c -0902 0.097263
c g-oos o. ooooooc 9909 0. coooooc 99 r 2 0. ooooooc 99 16 0 - oooooo
c -o9 r 9 0. ooooco
c 9923 0.OOOOOO
c 99 26 0. OOOOOOc 9930 0. oooooo
c 9933 0. OOOOOO
c 9937 0. OOOOOO
c 9,o ¡o o. ooooooc 99r¿ o.oooooo
C 99¡¡? O.OOOOOO
c 995 r O. OOOOOO
c 995¿ O. OOOOOOc 99s8 0. oocooo
c 996 r O. OOOOOO
c 9965 0.OOOOOO
c 9968 0. OOOOOO
c 9972 0.OOOOOO
c 99?5 0. OOOOOO
c 9979 o.OOOO'O
c 9982 0.OOOOOO

C -0986 O. COCOO

c 9989 0.28399
C 9-o 9 3 O. OCOOO

C 9-o95 O.387?d
c lotco o 12682
c tccc3 o. ooooo

s
s
s
s
s

2r8 5r
2t9 5r
220 5l
22t 5r
222 5l
223 5l
22Á 5l
225 5l
2a6 5t
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Table 4, cont.

OBS ¡O 8RE EO TRf OAIE PÁ

c 9895 0.672263
c 9897 0. OOOOOO
c 9902 0. OOOOOO
c 9905 0. r t92{3
c 9909 0. oooooo
c 99 r 2 0- 502850
c 9916 0.082399
c I9r9 0.oooooo
c 9923 0.OOOOOO
c 9926 0.OOOOOO
c 9930 0. i 18921
c 9933 0,OOOOOO
c 993r O.OOOOOO
c 9940 O. OOOOOO
c -o944 0.oooooo
c 991¡7 O. OOOOOOc ,a-asr o. oooooo
c 9954 O. OOOOOOc 99s0 0. oooooo
c 996 r O. OOOOOO
c 9965 0. OOOOOO
c 9968 0.OOOOOO
c 9972 0-OOOOOO
c 99?5 0.OOOOOO
c 9979 0. OOOOOO
c 9982 0. OOOOOO
c 9986 0. OOOOOO
c 9989 0. OOOOOO
c 9993 0. OOOOOO
c 9995 0. OOOOOOc roooo o. ror983

s82 ¿O S C !OOO3 O. OOOOOO
408 29 r C 9895 0.{436

55t 40 S
552 ¿O S
553 ¡O 5
554 ¡!O S
555 40 S
556 dO S
557 40 S
558 rO S
559 40 S
560 dO S56r do s
562 dO S
563 dO S
564 éO S
565 ¿O S
566 {O S
567 {O S
568 ¿O S
569 ¿O S
570 ¡O S
57r 40 S
572 40 S
573 40
574 dO
575 ÁO
576 {O
577 dO
578 40
579 dO
58O ¿O
58 I 40

dog 29
d to 29
4tr 29
4 t2 29
¡ t3 29

428 29 Ä
À29 29 Â
¿30 29 A

43r 29 Â
432 29 Ä
433 29 A

4tó 29 Â

dts 29 Á
4tG 29 A
Åt7 29 A

4t8 29 Â

dtg 29 Â
120 29 Â
421 29 Ä

422 29 A

423 29 Â

42Á 2S 
^425 29 a

426 29 Â

c 9897 0.1733c 9902 0.ll4lc 9905 0. oooo
c -0909 0. ooooc 9912 o.ocoo
c 99 t9 0. oooo
c 9923 0.2131
c 9926 0.3303
c 9930 0.o924
c 9933 0. OOOO
c -o9¡o o.oooo
c 99{4 O. OOOO
c 994 ? O. O84d
c 995 I O. OOOO
c 995¿ O. OOOO
c 996 r 0.2086
c 9965 0.1388
c 9968 0. OOOO

12729Â'C9972O.OOOO
997 5 0. OOOO
9982 0. OOOO
9986 0. OOOO
9989 0.616!
9993 0. COOC
9995 0. OOOO

_Ár'-__.2q __-_-ô, _ o . oooo
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Table 4, cont.

o8s fo SREto rRr oÂr€ Pd-_=;-=-351 66 Á ¡r--------5ãs-5---õ:æ6-
352 66 A
353 66 A

363 66 Â
364 66 A

365 66 Â
366 66 Â
367 66 Ä
368 66 Ä
369 66 Â
370 66 Ä
371 66 Â

372 66 Â

373 66 Â
374 66 Â
375 66 Â
376 66 Â
311 66 Â

378 €6 Á
379 66 Ä

380 66 Â

354 66
355 66
356 €6
357 €6
358 66
359 6€
360 €6
36 t 66
362 66

383 87 A

384 87 Á

385 87 Â

386 87 Â
387 A1 .Ä
388 87 Ä

389 87 Â

390 87 Â
391 87 Ä

392 87 A

393 87 Á

39¡l 87 Â

395 87
3S6 87
3S7 87
398 87
399 87
¿oo 87
40r 81
4Q2 87
403 A7

11 989? O. 076 t I¡.r 9905 0. oooooH 9909 0. oooooH 99 r 2 0. 01664r¡ 99 t6 0.26?¿¿r¡ 9919 0.OOOOOr.i 9923 0.OOOOOH 9926 0. t90t6n 9930 0.OOOOOr{ 9933 0.OOOOOu 9937 0. OOOOO¡r 9940 0. OOOOOu g9¡4 O.OOOOO¡¡ 99d? O. OOOOOr.r 995t O. OOOOOM 9954 0. OOOOOu 9958 0.OOOOOM 9-o6t o.ooooor{ 9-065 0. OOOOOH 9968 0. oooooM 9972 0. OOOOOÍ 9915 0. ooooo
H 9979 0.ooooo

'l 9982 0. OOOOOll 9986 0.t5792r{ 9989 0.8378314 9993 0.9463ti{ 9995 t.CO737
u tooco t.20743

.38 1 66 Â H rooo3 o. ooooo382 87 Á ---------G-iõe s-õ. sls5s-
c 9s97 I .11427
c 9905 0.2 1707
c 9909 r .630?5
c 9912 r.55¿5
c 9919 0.¿555
c 9923 0.3805
c 9926 0.2890
c 9930 0.352 I
c 9933 I .3054
c 99¡O 0.3728
c 99¡á O.d56O
c -o9¿7 O.O759
c 995r 0.8622
c 9954 O. t237
c 996r O.77t3
c 9965 0. t230
c 9968 O.73¡Oc 9972 7 .9251
c 9975 t.2923
c 9982 t3.6878
c 9986 36.2568
c 9-089 42.2236

. c 9993 Å7 .2343
c 9995 35.6303
c rcoo3 to.564 f

1O4 87
{o5 87
¡06 a7
407-.-._ 8 7



Table 4, cont.

o8s IO AR€€O rRt oÂtÈ p¿

292
293 3
29{ 3
295 3
296 3
297 3
298 3
299 3
300 3
30t 3
302 3
303 3
304 3
305 3
306 3
307 3
308 3
309 3
3 ro 3
3t I 3
3r2 3
313 3
3t4 3
3 15 3
316 3
3 t7 3

333 6

3206S
32t 6 S
3226S
323 6 S
3246S
3256S
326 6 S
3276S
328 6 S
329 6 S
33065
33r G S

332 6 5

c 9s9t l -a2ao1

318 3 Á C tcrcÐ3 O. C'COûO
3r9 € s c 9895 r.6629¡t

c 9902 0.80953
c 9905 0. rr303
c 9909 0.62,12¡l
c 9912 2.28¿68
c 9919 0.¡¡9674
C 9923 0.3753¡¡
c 9926 0.98{ 78
c 9930 0. ? 3959
c 9933 r.01096
c 99ro 0.89559
c 99¿4 0.21232
c 99{ 7 0-08943
c 9951 O.3O2O¡I
c 9954 0.27980
c 996 r 0.50029
c 9965 0.29677
c 9-068 0.?9353
c 9972 0.?t2go
c 9975 0.3?66r
c 9982 0.OOOOO
c 9986 O.¿r7?de
c 9989 0. OOOOO
c 9993 0.27603
c 9995 0.tgtrs

c 989r O.r5i22
c 9902 r.2r945
c 

-Q 
905 t.23t89

c 9-oo9 0.2 3656
c 9912 0.22915
c 9916 0.?5553
c 9919 0.28496
c 9923 0.08472
c 9926 r.2¿2?8
c 9930 0. â71â6
c 9933 0. r 8603

c 9,037 0-56¡ !6
c 9910 o. ?o2 t5
c 99Jr r. t¡o50
c 99r? r.2 to8 I
c 995 r O.OOCCO'
c 9-o 5¿ 2. roB22
c 9958 2.03.16 r

c 996t 0.95395
c 9955 0. COOCO
c 9958 0.54 r 15
c 9972 O-35r¡9
c ,o975 0.22.185
c 9979 0.92?6?
c -c982 r.{rr20
c 9985 0-39276
c 9989 0.OOOOO
c 9993 r.230¡ 3
c 99Ss O.OOOOO
c tcDoc o.5 r52d
c rooo3 0.3809 7

33¿
335
336
337
338
339
3¿O
34 t
342
343
344
345
346
367
3d8
3{9
350

6
6
6

€
6
6
6
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Table 4, cont.

oss---Tz1- ¡o 8e€€o IRI OAIE ÞA

243 26 Â

244 26 a
245 26 Â

246 26 Â

247 26 Â

2¿8 26 A
249 26 Â
250 26 Â
25r 2Ê À

25'2 26 Â

253 26 Â
254 26 Á
255 26 A

256 26 Â

257 26 Ä

258 26 Â

228 26
229 26
230 26
23 r 26
232 2ê
233 26
23Â 2€
235 26
236 26
237 2Ê
238 2Ê
239 26
240 26
24t 26
2ô2 26

285 36
286 36
287 36
288 35
289 36
290 36

x 9897 0. OOOOOr{ 9902 0.OOOOO
l{ 9905 0.OOOOOr{ 9909 0.OOOOOlr 99t2 0.00000L 99t6 O.5Od5¿r.t 99 t 9 0, OOOOO
r{ 9923 0.OOOOO
¡l 9-o26 O.OOOOOr{ 9930 0. ooooo
u 9933 0.OOOOO. H 9937 I.22089r.r -o9¿o o.ooooo
u 99¡¡ O.OOOOO
r{ 9895 0.OOOOO
M 9917 0. OOOOO
M 995 t O.OOOOO
H 995{ O. OOOOO
14 9958 0. OOOOO
r{ 999 I O. OOOOO
¡t 9965 0. OOOOO
11 9958 0. OOOOO
r{ 99 7 2 0. OOOOO
r{ 99?5 O. OOOOO
H 99?9 0. 12360
H 9982 0.27473
l{ 9986 0.9958¡
H 99S9 0. OOOOO
u 9993 0. OOOOO
lr 9995 0.35220t( roooo 0.08¿26

. 259 26 a ll tcoo3 0.2? to3260 36re
261 36 Á
2Ê2 36 Á

2€3 36 a
26.¡ 3€ Á

265 3€ Â
266 36 a
267 36 Â

268 3€ Ä

269 36 Â

270 36 ó
27 I 36 Á

272 3€ Â

273 36 a
274 36 Â

275 36 Á

276 36 Ä
277 36 Á

27A 36 ô
279 36 À
280 36 Á
28 I 36 â
282 36 a
283 36 À
284 36 Â

H 969r 0.99922
u 9902 t.d83¿4
l{ 99C5 0. OOOOO
t{ 99C9 0. OOOOO
r{ 99t2 t.89952
u 99 16 r.{5509
u 99 19 O.883rOr¡ 9923 f.39t63
rr 9926 0. 7 r 2C8u 9930 0. 90.r 2 7
t,l 99-13 0.6¿ l8O
È! gl93r t.5993214 99¡O | .5 r r82r¡ 9r9l ¡ o. ocooo
M 99{ ? 2.30212
u 995 r o.93¡t¿
H 995¿ o. 09053Àl 9958 3.OOO|9
M 996t o.o99t2r¡ 9965 0.2¿686t¡ 9968 t.2¿932
H 9972 0.7688t,{ 9975 t.09892ir 9979 0. oocoo¡r 9982 0.56263u 9986 0.09993r.r -a989 o.ooocou 9993 0. ooocor.r 9995 0. 560? 3H tooco 3 . o¡ 3O2

I _ . _lç'o93 _ _,__9.:gg_oo_g_



I07

Table 4, cont.

435 18 5
436 18 S
431 18 S
438 t8 S

439 18 S¡¿o f8 s
44t f8 S
aâ2 18 5
a43 t8 S

OBS IO BR€EO IRT OÀI E P{

bsss o. oooo
9897 0.oooo
9902 O.OOOO
99OS O.OOOO
9909 o.oooo
99i2 O.OOOO

99 16 0.OOOOOO
99 t9 0. I Á9190
9923 0. OOOOOO
9925 0. oooooo
9930 0. OOOOOO
9933 0. OOOOOO
9937 0. oOOOOO
99.¡O O. OOOOOO
99{4 0. OOOOOO
99r? O.OOOOO0
995 r O. OOOOOO
9954 0. OOOOOO
9958 0. COOOOO
996 t o. oooooo
9-065 0-OOOOOO
9-a68 0.OOOOOO
9972 0. 000000
9975 0. ooOOOO
9979 0,218989
9982 0.oooooo
9986 0. OOOOOO
99S9 0. OOOOOO
9993 0. oooooo
999S O. OOOOOO

tooc9 0. oooooo

ta
,t
*t
ll
t{
L
H
t{
t{
H
M
M

M

H
M

H
¡,t

l.r
H
tt
¡{
H
t{
l{
l{
M.
t{
H
t{
l¡
u

444 t 8
445 t8
¿46 ,t8

447 i8
d48 t8
4d9 t 8
d50 l8rst t8
452 18
453 t8
454 t8
455 t 8
456 t8
457 18
458 r 8
459 r 8
460 18
¿6r f8
462 18
463 l8
46ó r8
{65 18

467 d5
468 d5
469 .r5
a1O ¿r5

a1 I ,t5
472 45
473 45
474 d5
115 d5
476 45
471 45
478 d5
4?9 15
¿80 .¡ 5
¿8 f {5
Á82 Á5
¿83 d5
¡8¿ d5
.185 45
¿86 ¿5
481 Á5
¿88 45
¿89 45
¿90 d5
¿9 f 45
192 45

c
c
c

c
c
c
c
c
c
c
c
c
c

c
c
c

c

c
c

-o895 0. OOOOCO
9897 o.OOOCCO
9902 0. Ooooo9
9905 0.OOOOOO
9909 0. ooooco
99 r2 0. oooooo
99 r9 0.oooooo
9923 0.OOOOOO

-a926 0.OOOOOO

-o930 0. oooooo
9933 0. OOOOOO

-o9¡o o. 900 l5 t
994¿ o.192040
99{? O. OOOOOO
995 r O. OOOOOO
I951 0. oooooo
996 r O. OOOOOO
9965 0. oOOOOO
9968 0. OOOOOO
9972 0.COOOOO

-o975 0.OOOOOO
,0982 0.oooooo
-0986 0. OOOOOO
9989 0. OOOOOO
9993 0. COOOOO
9995 0. OOOOCO
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f t9
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t 28
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fó6
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t48
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t6 t
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s
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s
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62
53
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65
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s
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s
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tog {€ Á l{ 9995 0.5371ó
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Tab]e 5. Serum Luteinizing Hormone
(Time = minutes; LHpl to LHp6 = nglml LH at
sampling periods one to sixi value of -5represents missing data point)

T¡ME' LHP I

20 ¡1. ¡tO
40 2.5060 2. ss80 32 -6stoo o,6st20 7.80

l¡lo 3. ¡tOt60 8.30l8O 2. ¡ts200 9.6022O 2.2É240 2. Á5
260 5. ¿5280 Lgo300 t.o5320 r.Go
340 t.85360 -5.OO3go -5.@
400 -5.OO420 -5.OO¿l4O -S,OO20 2.4o40 7. os60 t.90
80 2.15IOO 3. sO'l2O ¡¡.O5

140 8.OOt60 2.95t80 4.OO2OO d . ¡tO220 2,80
24O 7.3s260 2.60280 2.60300 t.90
320 3.9s340 2.85360 -5.OO
380 -5.OO400 -5.OO420 -5. OO440 -5. OO20 I .5540 3.60
60 I .7580 6.55

loo ?.35
t 20 2.95'140 1.90
160 2.25160 4 .60
200 2.30220 72.35

LHP2 LHP3

t.65 39.60
I .95 t8.35

14.40 t7.05
't 9.55 t4. t5
3. lo 6. ro
2.25 2. 5s
2.65 2 .85
il .3O 3.35

12.80 4.O5
2.55 3.70
4.4 5 4.60
2.20 f t .80
2. go 5.45
f.75 2.70

19.85 2.9s
ro. oo 3.O5
6,00 6.20
5.35 1.75
6. to 5.25
3. 15 2s. to
3.55 26. 05
3.55 6.70¿1.85 2,8O
2.85 1t.25
3.75 2.55
3,50 r5.20
1 .75 2.95
3.95 r 8.30
5.55 2.40

45.30 56 . ?O
20.35 t8.OO
9.95 tt.t5

io, fo 6.25
12.4 5 7.65
38.70 2.95
2.70 3 . 25
6. ?5 3 .65
I .80 3. 30
I .55 2.20
5 .55 s.55
3. ?O 2 .50
2.65 2.O5
3.85 3 . ?5
5.OO r2.Os
2 .50 3. 55
3.O5 t . 35
3.25 t.{5
2. OO r .90
2.50 4.55
3.70 3. 30
4.OO f .so

14 .60 0.90
t7.70 2.OO
6.25 ,r . 40
7.OO 2r.85

111

LHP4 LHÞs LHP6

3.65 t 3. oo 2.e4
2 .90 . 40 2.28
2.25 5.60 2.9463.85 t3.45 t.80
9.95 2.65 2. t65.35 6.O5 2t.12
5.30 5. 50 f6.74
6.00 I .95 -6. OO
5.65 t.35 -6.00
3.OO ,r.80 -6.00
5.20 to.os -6.OO
2.O5 6.60 -6.00
3.90 6.50 -6.00Á.45 2,to -6.00
8.50 3.70 -6.00

'r 2.30 0. oo -6.00
15. 05 4.85 -6.00
6.80 1 ,90 -6,OO
8.O5 t.85 -6.00
7.O5 t.85 -5.OO
5.65 32.35 -6.OO
3.5s 5.45 -6.00
6 .40 I .75 43.38
LSs t4. to 2,64LOs 8.6s t.625.OO 3,t5 l.s66,35 3,95 t .86
5.95 1,90 1,32
2.75 2.85 6. t88.40 3.75 3. t24,30 2.SO 3.t2
2.90 3.50 2.58
| . ?o 2.75 14 .52
t.40 3.80 2.lo4.70 t ,40 3.OO

12. to 2.90 5,945.30 t.20 4.44
9.20 2.90 4.26ro.50 | .65 f o.208.40 24. s5 35.52

t5.lo 4.15 29.?O
t 30.55 4.25 t4.76
21.65 20.90 7.629.50 -5.OO 7 .O2

2 ,40 ?.o5 to.86
2 . 15 4 .85 3.66
'| . ?o 20. 35 4 .50
I . 45 5. 30 2.40
t.60 4.45 5.28
3.80 -5.OO 7.56
t.40 -5,o0 8.t6
3.50 -5.OO 2.A2
3. ro -5.oo 3.36

29.85 -5.O0 t.98
r 0.65 -5.OO 3.54

ID = 18
TRT=M
BRD=S

ID = 69
TRT=M
BRD=S

ID = 66
TRT = i'l
BRD=A

0Bs

I
2
3
4

6
7
I
g

lo
ll
l2
l3
t4
i5
l6
17
l8
l9

2l
22
23
24
25
26
27
2A

30
3t
32
33
34
35
36
37
38

40
4t
42
43
44
45
46
47
48
49
50
5t
52
53

55
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ID=27
TRT=M
BRD=A

f ¡ I.IE LHP I

210 t5.25
260 ,1.8O
280 3.85
300 2.90
320 I I .70
340 r 5.25
3GO -5.OO
380 -5.OO
400 -5.oo
120 -5. OO
440 -5.oo
20 3.75
40 .t 2.80
60 5.70
80 t3.oo

loo 5.40
120 2.60
140 2.55
t€o 3.70
!8O ¡1.7O
200 g.oo
220 2.80
240 3. tO
260 5.50
280 2.50
300 3. 15
320 3.95
340 3. 20
360 -5.OO
380 -5. OO
400 -5. oo
120 -5.OO
440 -5.OO
20 | .3s
10 r .30
60 2,25
80 8.Ostoo ¿.oo

t 20 3,o5
140 2 .50
160 r .60
t80 I .20
200 0.95
220 0.85
240 t. to
260 5. ¿15

280 2.OO
300 ro.55
320 | .65
340 -5.OO
3€O -5. OO
380 -5.@
400 -s.oo
420 -5.OO
410 -5.OO

LHP2 LHP3

2.8S 9.40
2.75 4 .45,l.OO ¡1.7O
t.60 t.90

ro.55 2,20
1.85 t.?5
2.OO 3.70
| .20 3.O5

t 3.85 5.75
2. ro 3.25
4.20 r.90
3. t 5 2.40¡¡.¡15 9.55
5.60 3.90/t.lO 3.OO
3.55 5.25
¿t. 15 3.95
3.65 7. t5
4.t5 2,85
6.85 3.30/t.2O 3.15
4.25 2.20
3.t5 4.70
3.60 3 .80
6.85 5.OO
5. 70 3.85
9.90 4t.40
3. OO 20.05
5.20 rr.95
6.45 6. 35
4.30 5.30
9. to 2.60

86.95 3 . 80
t.20 8.40
8.50 4.30
3.40 6.20.l.70 4.65
2.35 35 .80
t.75 f 4.80r.80 3. oo
5.4 5 f .85
I .65 r .85
o.75 5. ?5

22.90 I .55¡¡.85 2 .9O
2.70 t .90¡1.3O l.OO
3.35 3.20
9.50 0.80
5. 05 0.60
7. 05 0.70
3. OO O. OO
1.35 0.oo
2. 05 0.50
6.4 5 23.60

LT2

LHP4 LHPS LHP6

5,75 -5.OO 5.34¡1.80 -5.oo 3.24
3.30 -5.OO 7.O8
5.20 -5.OO 3.42
'I .85 -5 . OO 41 ,92
1.75 -5.OO 23.58
L70 -5.oo ro.74
4.60 -5.OO 9.r8
3. 15 -3.OO 4.62

-5.OO -5.OO 4.62-s.oo -5.oo 3.90
19.lo 5.25 4 ,68
€.4 5 9.95 6.96
8.80 3.70 7 .11
4,50 4.80 39.t8
3.25 2.35 6.04'lo.g5 2,5s ¡1.50
3. ?5 2 .15 8.76
s.50 2. oo 18. t2
? ,30 2 .25 58.62
7.45 3. 05 t3.92
7.85 5.95 14.64
9.25 4.65 8.16
5.75 49. tO 4.O2

t4.95 20.35 3.30
6 .60 I .40 8. 34
6. to 9.20 4.20
3.15 4.3O 10.74

r8.?o 5.oo 3.96
f. io 3.85 4 .4Â
6.55 3.20 6.f2
2.75 4 .45 84 .06
9.45 1.25 47. tO
l.oo r.90 t.t4
1.80 r.4s 2.o4
4. ?5 2.40 22.80
o.70 t.95 22,74
o.80 0.65 7,38
l.o5 t.30 7.44
o,80 l.oo 57.84
o.85 37.55 t4.46
I .30 0.oo 12. 12
'L 85 2.OO 3t.86
9.55 6.95 40.56

20,23 4.75 5.4 6
ro.50 t,t .50 4,50
4 .80 3.OO 2. t 6
5 .55 I .90 3,24
3.5s 2.t5 1.32
1,65 2.50 2,46
2,25 t. t5 30.30
o. oo 1,ao 2. to
t. to 2.15 t.¿4
2.20 35.90 0.?8
t . to t7.30 3 t.o2

ID = 5i
TRT=C
BRD=S
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57
58
59
60
6t
62
63
€4
65
66
67
68
69
?o
7l
72
73
74
75
?6
77
7A
79
80
8t
a2
83
8¡¡
85
86
8?
88
89
90
9t
92

94
95
96
97
98

loo
lot
l02
t03
t04
t05
t06
107
t08
t09
t'to
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LHP 6

o.84
t.80
I .26
o. 84
o. 84
t.'t4
l. t4
o.9€
2.25

32. gg
15. t2
l3 .38
3.84
4,62
4.20
7 ,44
I .26
3.84
t.20
a ,22
2,04

t3.92
lo. 56
6.36
9,28
5.40
6,78
Lt8

t5.30
5.46

194 ,22
?8.30
t9.86
l8.72
t6. t¿
L22

t3.?4
12.24

r33.86
90. €6
21 .Ê6
27,06
tt.82
22.38

a .22
5 .88
6.72
3.90
7.56
6 .96

ro. 86
8 ,94

t I .52
6 !.56
19.4,1

OBS T ¡I.IE LHP I LHP2

I .95 4. t5
I .90 9.40

t8.30 1.25¡16.90 8.35
3t.t5 8.OO
45.O5 t,40¿r.90 8.40
9. t5 I .45t,os t.oso.70 0.95
0.65 I .40
t.10 r9.oo
r.30 6.25
'I .30 2 .65
3.80 2. OO

16.25 3.OO
2.70 2.7s

-5.OO l.O5
-5.0O 2.90
-5.OO 4.20
-5.OO 2.95
-5,OO 2.95/¡.¿5 3.40
8.90 t 2.55

16,70 5.35
8.25 4.35
8.35 2.90
5.90 6.05
3.80 2.40
5.20 2.85
5.25 7.30
¡.50 9.90
5.75 26.85
5- t5 t4.OO
5.85 I .20

{ .40 I .90
¡r .85 5 .60
3. €O 6.70

-5.OO 4.05
-5.0O {.30
-5.OO 5.80
-5.OO 4. 15
-5.OO 9.60

6 .55 5 .95
7 .35 ? .30

22.65 7.95
7.55 4.65
6. {O 6.25
6.80 t o.65
8.85 7.45
8.90 to.30
â.70 8. 05

r 0.40 -5. oo
5.50 -5. OO

LHP3 LHP4 LHPS

7.OO 2. OO 2,60
2.30 t.30 t,25
2. 50 3, t5 3. lO
2. 35 t4 .50 I .3s
5.50 t.70 2,55
o. go o.95 2. to
2.75 t.30 t.45

22.15 0.OO 3.4s
2.80 r.to 1.95
o.90 4.60 I .40
o.95 2.OO 3. OO
r .45 6,70 5.70
l.?5 Lgs 8.O5
3. go I .30 I .7s

43.85 0.85 3,30
29.45 8.40 3,65
22.30 50.05 2. tO
8.9s 4 .45 2,20
5. ss 2.20 I . t5
9.75 4. t5 0.65
5.55 2.OO t .45
2.50 0.go t.55

fo.30 3.70 4.75
28.45 9. tO 7 ,65
30.30 6,20 4,20
t 7.55 5.85 3,50
35.80 4 .50 3.8s
6. to 5. oo 3t.95

68.90 3.45 G.SO
a .30 2.75 ? . tO
7.rs 3.50 9.50
4.25 5. tO 5.30
3.20 3.85 5.OO
3.80 13.O5 1r.50
6 .90 I . 25 €.60
s.50 8.40 53.OO
4 .20 46 .55 52 . 55
3 .60 26 .20 29. 05
6. fo 8.35 41.75

30.45 9.O5 I1.30
2r.35 80.85 tO.80
r5.?5 4.30 6.95
r ? . bo 18.70 5.65
s.65 4 ,95 3.95
8.25 4,75 5.OO
5.95 2.85 -5.OO
?.c5 3.80 3.35
5.60 8,05 5.25
6.45 22.55 16.55
7.80 6.65 t3.25
8.65 7.65 I O.90
4 .30 5.4 5 t3.70
5 .45 LOO 7 ,20
8.95 7.75 8.35
8.65 6.65 ,t5,65

ID=26
TRT=M
BRD=A

t3
l4
tg
t6

2
r2g
129
r30
t3t
132
133
134
t35
r36
t37
r 38
't 39
140
't4 I
142
t43
144
r45
146
147
t48
t49
r50
l5t
't52
t 53
l5¡l
t 55
i 56
t57
t58
t59
160
t6l
t62
163
t€4
165

20
¿tO

60
80

too
t20
l/tO
160
't80
200
220
210
260
280
300
320
340
360
380
400
420
440

20
40
60
80

100
120
lilO
't 60
180
200
220
240
260
280
300
320
340
360
380
400
120
440

20
40
60
80

roo
t20
'140
t60
.t 80
200
220

ID = 40
TRT=C
BRD=S

ID=49
TRT=C
BRD=S



Table 5, cont.

f IME LHP I LHP2

114

15.50 t3.86
1t,90 t2.42
ro. ?o ro.56to.45 ro.20
6.50 6 .66
6,20 8.58
3.85 7.56
4,75 1,26
3.95 lr.02
4.35 tO. 14
4,30 7.lA
5. t5 8.5S
L20 7.56
4,80 I O.38

12. 05 t 9. 02
7.85 t3.38

t7.60 t2.60
4 .80 5. tO

f5.30 24 . 48
Í8.80 t3.69
8.30 6. 18
9.30 6. t2

14.45 !2.36
t3.o5 1 .la
12. so 7.o2
t4 . oo 6.8 4

It.45 6.54
t o.25 6.84
8.50 ?.O8
6 .65 6. 5d
I . 50 6.66

io,3 5 6. ?8
6.05 7 .14

t3.55 9.36
6 .25 4 .98
5.25 3.OO
6 .75 2 .22

t5.85 4.14
13.20 3.12

5 .30 2 .94
t5,25 tt.52
6.45 6.84
6 .70 2. 16
2.15 2.16
7 .23 9.84
4 .55 5. rO
3 .65 3.96

20.20 to.26
t t.05 19.86

2 ,75 3.42
to.70 3.30
3.50 t3.20

'ro. lo 3. 78
f4.50 4.80
22. t5 4.26

ID=83
TRT=C
BRD=A

oBs

f66
t67
t68
t69
t70
l7t
172
173
171
t7s
l?6
177
t78
t79
t80
l8!
t82
183
tg4
185
t 86
la7
t88
189
t90
l9r
192
t93
'194
.l95
196
t97
'198
199
200
20t
202
203
204
205
206
207
208
209
2lo
2t I
212
2t3
211
2r5
2 t6
217
21A
2 t9
220

240
260
280
300
320
340
360
380
400
420
440
20
40
60
80

roo
t20
140
t60
t80
200
220
240
260
280
300
320
340
360
380
400
420
440

20
40
60
80

roo
120
t40
t60
t80
200
220
240
260
280
300
320
340
360
380
400
420
440

8.25 -5.OOro.05 -s.oo
lO: ¡15 -5. OO
5.35 -5.OOro.lo -5,oos.35 -5.0O
7.55 -5. OO
6. 15 -5.OO
3.85 -5. OO-s,oo -s. oo

-5.OO -5.OO
5. i5 7.30

14.65 6.65
5.70 8.65
¡¡. 15 5,8O

l¿1.65 4.25
6.25 9. t5
8. ro 3. ?5

t 3.65 3.85
6.20 6.75
5. t5 5.OO
8.60 4.65
5.60 3.G5
5. lo 5.35
8.80 5. t5
4.O5 7.50
9.95 4.AO
8.60 5.4 5
7.75 16,65
6.7s 20.30
4.40 ia.20

-5 .OO 8.50
-5 .0O 5. 55
6.00 4.t5
8.O5 6.70
3.O5 2 .80

21.55 2.aO
5.80 2.A5
4 .30 1 .50
2 .65 3 .50
5. ¡15 3,9O
4.65 6.60
2.95 8.5 5
2.9s tt.70
I ,25 5. 35
1 ,70 6.80
2. €5 5.30

25.55 ¡t . 85
6.05 ó.ClO
5.lo 5.85
I .7O ¡¡ .55
4.60 2.!5
I .85 3 .80

-5.OO LOs
-5 .OO 3.65

8. 35 I .65
?.65 6. ?O
6. ¡1O 6 .4O

12.50 t1.85
8.85 ?.O5

57.80 t 6.65
2¡1.80 29. 30
i6,75 I O.45
i4.80 7.30
?.50 I .65
6.40 4 .50
5.50 5. 70
8.35 6.60
6. t5 t3. to
5.95 5.15
6. 20 6 .OO
6.30 6 .45
5.45 t3.60
9.90 9. 55

19.20 t t. t5
8.70 8,40
I .90 8.45
5 .55 lO. ?5
8.80 ro.30
?.80 9.35

34 .40 9.25
2.85 1t.55
4.55 ?.45
5.40 t4.80
4 , AO 5.60

r 3.85 6,85
4.O5 5.25
5.?5 6.00
4 ,75 2 .90
s.Os 3.75
'I .80 2. 15
2.90 2. rO
3.15 2,40

26.25 tt2.gO
t 4.60 t 5.80
26.85 t3.35
7,10 ro. f5

l7 ,70 r 't ,75
7. ÍO 7 .30
5.15 6.20
7 .25 I .70
5. ro 3 .40
5 .60 5 .95
4. 35 2 .35
4. to 5.30
2.70 2.25
5.15 2.35
3.60 35 . 80

36.45 16.50
25.65 23 . 30

ID=05
TRT=C
BRD=S



Table 5, cont.

TII'IE LHP I

20 €.60
40 1,70
60 5. ¡tO
80 5.50

IOO 5. ¡15

t20 4 .95
t¿lo 3. ¡lO
t60 f f. lo
t 80 8.90
200 9.35
220 4.65
210 5.50
260 5.lO
260 5.25
300 9,60
320 -5,0O
3¡lO 9.4O
360 7,50
380 8.20
4OO 5. ¡¡O
420 -5.OO
410 -5.OO
20 ¡1. 15
40 3.95
60 3.20
80 ¡1.o5

too /r.95
t2o 4.55
f40 1.Áa
t6o 4.3O
r80 5.25
200 5.70
22O ¡t .85
210 5. ?5
260 ¡l .90
28O ¡1.25
300 6.65
32O 7.9O
340 4 .5O
360 4 .90
380 5.35
400 9.40
420 -5.00
440 -5.OO
20 2.10
40 2 .65
60 3,30
80 I .90

'too | .90
120 l. ?5
t40 4 .50
t60 I .85
t80 2.30
200 I .70
220 2. tS

LHP2 LHPS

6.85 ?.50
8.35 12.65
6.9s ro.30
7.AS 7 .A5
9.60 5 . 30
7.50 ro.20
8.55 9.25
8. t5 8. 05
?.75 9. 05
8.80 9.80
7.25 tt.85
7.20 40.65
7, so r3.70
6.30 L90
6. ao 7. oo
6. 05 6.55
5.60 8.25
5.2s I . rO
4.€5 6.20
6.60 LOs
g .75 7 .60

12.20 8 ,3s
4.45 5.30
2.65 6. lO
3.60 6.80
¡l .9O /t .30
4.45 5.75
5.50 4.65
¡. ¡15 5.2O
3. 60 4 .25
3.90 ?.30
4.45 6.45
6.05 ¡l . €5
4.15 A.70
2.95 0, OO
4.S5 5. t5
4.30 '12.75a.20 3l ,40
4.45 t3. 15
8.50 t4.AS
5.55 S.25
4 .65 6 .40
9.OO 5.70
4.80 1r.40
2 .A5 9.75
3.35 5.30
| .40 3.40
2,80 2.50
2.25 I .60
I .65 2,25
| .80 r .95
6.70 ?.90
2.30 'r .90
3. 15 2.20

16.05 3. ro

115

LHP4 LHPs LHP6

8.50 5.65 6. t8
7.55 7 .40 8.28
7.55 7. tO r O.98
9. 15 6.55 ê.72
7 . 80 38 .40 5.94

t4.o5 12.30 6.30
5.30 9.50 8.tO
6. 25 8 .40 ? .68
6.80 ?,30 6.30
4 .80 ? .25 5 .94
9. ?O g.ls 6.66
7.40 5 .65 s.64
6 .25 6 .70 5.40
6. ro 5.45 6.30
7,35 10.50 rf.34
8.35 12,45 5.82
5.45 9.60 6. ?8
5. to ?.30 8. to
5. 35 7 .65 7 .20

ro,55 6. t5 7,O2
5.?O 8,25 5.1€
5 .30 5.60 6 .48
8.95 5.65 lO.O€
9.20 5.80 t.38
5 .65 5 .50 I .34
5,90 7.15 9.34
5.30 6.05 8.?6
6 .60 6.80 8.52
6.20 6.20 6.00
5.OO 25.65 7,98
5. fo 12,40 7 .71
6.25 8.50 6.78¡r.50 8.35 r 0.68
¿.60 7.70 8.28
5 .70 6 .50 99 .42
s.60 5.30 60.24
4 .40 4. S5 38.O4
4.AO 5.OO 18.42
4.20 4.85 t7.46
4.45 5.tO f2.54
4.65 5.95 t2.30
4.35 68.15 7.56
4.40 27.50 7,74
6.60 ro.45 9. 18
2.45 9.20 4.O8
r .90 7 .55 3 .66
2. t5 4.90 4.38
2.30 5.4 5 7,92
3..55 3. lO 3 .42

tt.90 4.!5 3.24
tt.fo 3,15 37.68
4.65 3. !O i6.68
3.65 2.70 8.76
3.40 2.O0 9.96
2.60 13.{5 6.66

ID=02
TRT=C
BRD=S

ID = 03
TRT=C
BRD=A

ID=06
TRT=C
BRD=S

0Bs

221
222
223
224
225
22G
227
224
229
230
231
232
233
23A
235
236
237
238
239
240
241
242
243
244
245
246
247
244
249
250
251

253

255
256
257
25S
259
260
26 t
262

261
265

268
269
210
271
272
273
274
275



Tabl-e 5, cont.

LHP2 LHP3

17.20 t.?s
ro.85 r, io
tt.40 2,60
5.60 r . 30
7.OO t ,45
2.30 2,25
2.20 I .40
2.65 2.60
2.45 I g. 05
2.35 ! 6.95
2. t5 ro.90
6. to 8.65
5.85 7.40
7.20 7.?5
?.65 6.65
7 .20 6. 25

I o.50 6.80
6.05 8.O5
6.90 6.25
7.?5 6. t5
6.4 5 6.70
7. to 3. to
? .55 6 .25
9.25 9.30
7.60 6. OO
6.95 5.95
8.O5 6.30
6.60 5.50
5.25 7. t5
8.25 6.00
6. 05 6. tO
6.80 7. oo
7.55 6.30
2.85 2 .554.60 2.ÁO
2.50 t .90
3. 05 2.10
3.45 3.OO
2.95 2,70
3.50 1s.55

- 3.35 8. ?5
3.70 5. 15

2t.50 3.8s
t8. ro 3.60
7.05 3.75
5.9 5 3.65
5.30 3. oo
5.30 2 .30
2.55 2.60
2. ¡tS 2 .7O
3.25 2. tO
5.30 f .80
3.95 t6.95
5.80 r7.55
3.20 r I .25

1- 16

LHP4 LHPs LHP6

2.20 t2.75 6,42
2.60 5.5s 3. 36
2 .OS 4 .65 2,A6
2 .50 s.70 5 . s2
2.70 3.70 4.26
2.35 4.OO 3. t82.50 t .90 3. ,t 2
2.65 2.35 3,72
| .90 2 .30 3 .66
t .85 5.45 5.88
3.40 8.40 42.12
7.O5 .r4.60 t6.80
?.80 8.55 16.80
8.80 3.55 tO.44

to. 70 6 .70 ,to.92
6 .95 5.40 a.22
7.r5 6,05 7.50
7.70 5.60 9.96
7 .25 9.50 I ,t .58
7.15 9,70 8.64
6.25 7,75 8.46
6.65 rO. t5 9.58
6.90 8.25 8.46
6.35 9.95 6.24
6.25 27,?O 6. OO3.55 t6.40 6.96
5.65 12.60 7.68
6.35 lO. fo 8.52
6.20 f3.50 7.86
6.t5 17.95 , .t6
8.25 7.Os 6.54
5.90 t 6.25 tO.44
7.10 7,25 7.74
3. to 2.so 3, l2
2.80 2,45 6.2Â
2.65 5.30 3.48
6.00 3.80 2.64
6. ?5 4. tO 2.31
3.90 2. 15 3.48
2.70 2,25 2.642.s5 2.40 1.86
2.50 27.10 2.94
2.90 r o.40 2.88.l.60 6.70 3.t8
2 . 30 6 .30 2.61
2.65 4.OO 2. t6
9. 70 2.90 33 . 54
9.O5 3.90 14.64
5.45 2,80 6.78
5.35 3.t5 5.t6
4. i5 2.35 4.80
4 .40 48.20 4.62
2.65 12.05 4.14
2.50 9.oO 3.8{
2.15 5.55 2.88

ID = 36
TRT=M
BRD=A

ID=78
TRT=M
BRD=S

o8s

276
277
278
279
280
28 t
242
283
244
285
2S6
2A7
288
289
290
29t
292
293
294
295
296
297
298
299
300
30.|
302
303
304
305
306
307
308
309
3 ro
3tt
3t2
3 t3
314
3t5
3r6
3f7
3t8
3f9
320
32 t
322
323
324
325
326

328
32S
330

I ¡¡{E LHP I

240 2.55
260 2.65
2go 2.25
300 2.65
320 ¿,95
340 I .90
360 -5.OO
380 -5.OO
400 -s.oo
420 -5.OO
440 -5. OO
20 6,90
40 7.40
GO 6.65
80 6.3s

loo 6.90
t20 I I .90
140 9.OO
160 5.80
t80 5.60
200 6.30
220 5.OO
240 5.35
260 5. ?5
280 5. t5
300 6.55
320 6 .30
340 6.55
360 -5,oo
380 -5.0O
400 -5. oo
120 -5.OO¡¡4O -5.OO
20 3. to
40 3.95
60 2.80
60 3.40roo 2.80120 4. ro

'140 2 . 65
t 60 3.20
r 80 3.20
200 2.65
220 2.85
240 2.35
260 3 .65
280 3.OO
300 2. lo
320 3.OO
340 3.25
360 3.20
380 t5.45
400 3.20
420 -5.OO
440 -s.oo
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ID=87
TRT=C
BRD=A

ID=46
TRT = ll
BRD=A

o8s

33 t
332
333
334
335
336
33?
338
339
340
341
342
343
344
345
346
347
348
349
350
35 t
352
353
354
355
356
35?
358
359
360
36 f
362
363
364
365
366

368
369
370
31t
372
373
3?4

TII{E LHPI LHP2

20 9.35 3.50¡lO 6.20 O.55
€O 5.¿O ll.¡lo
80 7.OO 5.50

loo 6.35 8. OO120 I r.?o 5.60
t40 8. !o 5. t5
160 6.¡10 7.60
l8O 7.35 t¡¡.OO
200 7.75 tr.25
220 12.30 0.oo
240 9.85 8.OO
260 8.35 €.2 s
280 7.25 9.O5
300 7. 05 7,20
320 2 t .90 6. 25
340 t5.2s 5.55
360 g.to 5.95
380 8.15 5.80
4OO ¿1.85 4,5O
420 -5.oo 24. OO140 -5.OO t6. to
20 5.7 5 5.95
40 3.65 tt.30
60 9.OO r l.gogo s.90 7.60

loo 2.70 7.75
t20 to.oo 3.4 5
tóo 5. 15 3.30
160 2,85 4.4 5
f80 2 .8s -5.oo
200 2 .90 -5.oo
220 ?. 15 -5. oo240 1.25 -5. OO
260 ¡l.OO -5. OO
280 3.25 -5.OO
300 r.€o -5.oo
320 2.90 -5. OO
340 3.20 -5. oo
360 -5.0O -5. OO
380 -5.OO -5. OO
400 -5.oo -5. oo
420 -5.OO -5. OO
440 -5.OO -5. OO

LHP3 LHP4 LHPS LHP6

18.95 9.50 7.25 t3. t45.80 G.35 3.SO t4.643.60 5,oo t3.30 t3.926.85 ?.30 4.OO 9.4835.40 87 .45 5.35 a .229.O5 t7.to 3.65 t5.424.60 t2.60 5.85 9.OO9.25 9.25 10,65 9.30
5.4 5 9.65 6.65 tt.94g.oo 7.35 5.25 tt.94
5.60 6.t5 5.OO 7.505.95 4.25 6.85 9.065.20 4 ,70 7.90 9. ?84.85 ?. t5 5.80 8.585.6s o.oo 9.20 to.866.?5 t5.95 4.40 t2.o65.OO 8.40 4. 05 9.666.35 t3.30 4.65 17,a2
4 .60 6.?0 5.45 13.68¡1.7O 8.8O g.2O tt.t68.70 s.80 4.55 1t.645.90 6.20 5. .to 16.863.75 3.95 5.15 3. t2
5. 75 2.76 3.45 5.82
4 .35 5.40 3.25 5 ,224.40 3.OO 3.40 4.80
4 .95 6 . 20 3 .75 4.501.40 72.15 4,80 2.883.90 s2. f5 3.50 4.205.O5 to.45 2.3A 3.363.65 9.OO 3. 15 40.925.95 12,âO 3. t5 30.?87.85 6,25 4.75 19.864.OO 5. 15 2.90 t4. to7.80 3.55 3.7s 9.906f.50 3.55 2.60 7,7426.70 2 .60 4.oo 7.08

14 .30 4.95 3.40 5,62
9,4 5 3.70 24,75 6.547.O5 2.90 15.45 6.008.Cs 3.40 6.95 3,a27.O5 2.30 6.20 3.725.40 3.30 4.55 5.287.55 4. A5 4.90 146.40
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fD=22
TRT=M
BRD=S

ID = 19
TRT=C
BRD=A

ID = 29
TRT=C
BRt¡ = A

08s

I
2
3
4

6
?
I
I

to
it
l2
t3
l4
t5
t6
11
l8
t9
20
2l
22
23
24
23
26
27
2A
29
30
3t

34
35

37
38
39
40
4l
12
43
44
45
46

48
49
50
5t

53
54

I¡'18 LHP I

20 6.25
40 | 5.30
60 ¡t.30
80 to.45

IOO a.¡to
t20 4 .95
'r 40 8.65
t60 t6.50
r80 9.20
200 8.70
220 to.50
2ao 5.95
2GO 6.05280 6.75
300 36.Os
320 20.90
3,lO t¡t.2o
360 7.65
380 5.OO¡lOO 9. tO120 -5.OO4.O -5.OO
20 L90¡!O 2.55
60 3. to80 a.os

loo 1.20120 3.O5
140 3.,t5
t60 8. t5t80 3.952OO Z.BO220 7.70240 5.55
260 2.95
280 2.30
3OO 5.2532O 6. ¡15
340 2. GO
360 4. to380 I .95400 3 .45420 t 3.50440 4 .60
20 3. GO40 5. t560 3.7580 3.90

fOO 3.Gs
f2O ¡1. 15t40 3.4 5160 4 .30t80 6.00
200 { .2s
220 2.45

LHP2 LHPS

6.60 4.45r0.20 5.80
7.55 7.t5
?.oo 17.65

22 ,35 6.50
r 9.65 6,85

ro4.oo 7.55
lo.oo to. t5
?.75 t3,70
9 .40 28 ,40
5. 15 20.60
6.05 i r ,35
6 ,55 7 ,25
4,30 ,tt.t5
3.40 6 . tO
7,8s 18, t5
9.30 4,?O

-5.OO 3.50
-5.OO r5,90
-5.OO 7. 10-5.OO 9.55
-5.OO 7,75

4 .65 2 .55
3,50 2 .60¿r.45 4.50
2 ,30 9.50
t,55 t3,65
2.95 42.O0
t.?5 ¡.5s
2 .30 7 .30
4.{5 6.90

2t.70 3.35
tt.80 2,45
6. t5 6.95

t3.50 2.60
3 .20 23 .40

1o,55 f 6.85
5 .50 5 .90

42.1O 5.90
2.65 2.55
2 .15 2 .50
3.55 4. dO
?.50 2.35
3.90 3 .70
3.OO 4.OO
3.75 4.80
2 .90 L25
3 .75 2 .65/t.OO 4.35
2.75 2.90
2 ,85 3,80
2,85 3. f 5
4. to 3.25
3.15 2.65
3.25 3.20

LHP4 LHPs

95. rO 4 .25
32,40 6.45
13.2s 5,75
9,20 ro.l5

't2.50 4.t5
23.80 tO.65
l4.oo 3. ro
18 .35 3 .65
3.70 5.75
6 .90 3 ,95
5.90 5. t5

,t t.50 2,65
rt.35 4.30
r 2.35 4.85
8 .75 6,20
7.50 8.40

22.50 4 .25
6.20 t¿,75
5.50 5.30
7.85 3.65
5.20 4.O5

't 4 .60 95.85
6,80 2.30
5. so 9. g5
5.45 5. ts
8.95 5,55

23.65 45. t5
3.90 7.50
6 ,75 16 .90
9.80 4. 05

17,25 I t. t5
5 .95 5.55
4.40 8.95
4 .45 20, f5
3.65 7.5s
4 .25 6.50
I .70 2. 35
6.90 t 9. OO
7.85 t4.30
2.73 26. OS
5.30 3. 05
7.9s 23.55
9. 05 30. r0
2.30 8.25
4.95 5.50
4.lO ¡1.40
3.65 6 .55
3.30 3 .55
2.95 6 .65
3 .05 2 ,65
5.20 2.60
3.30 2 .3s
3.95 4.85
2.90 3.20
¡1 ,5O 2 ,2O
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Table 5, cont.

240 3.lO
260 3,35
2AO ¡1.55
30o 2.70
320 3.O5
340 2.70
360 2.3 5
380 2.55
400 2.20
420 3.30
440 3.lO

08s

56
57
58

60
6l
62
€3
64
65

T I¡{E LHP I LHP2 LHP3

3.55 3.O5
3.30 6.4 5
3, to -5.oo
3,65 -5. OO
2. 30 -5. OO
2.80 -5. OO
2.75 -5. OO
6. io -5.oo
4.50 -5.OO
2.15 -5. OO
3.55 -5. OO

LHP4 LHPS

3.55 3 .80
3.40 2 , s5
2,70 -5.OO
3.50 -5. OO
4,70 -5. OO
3.35 -5. OO
3 .50 -5. OO
5.45 -5. OO
3.20 -5. OO
7.05 -5. OO
t . s5 -5,oo


