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ASSTRACT

Three long-term experimenËs rdere conducted Èo Ínvestigate the role

of beta-carotene (ß-carotene) in the reprocluctíve functíon of Holstein

heifers and cows. Experiment 1 qras a year-long study invol-víng two

groups of 8 cows each, that calved between January and April (group 1)

and July and October (group 2) respectively. The cows received ratíons

adequaËe in nutríents accordÍng to NRC (l-978) standards and had access

Ëo pasture ín the summer months. The concentration of ß-carotene ín the

forages fed ranged from 0 to 6.9 urg/kg DM for corn sj.lage to 101.5 to

228.I ng/kg DM for pasture. Mean serum ß-carotene concentratíon duríng

the year ranged from abou t 240 ug/100 ml in March to over 600 ue/100 ml

in June and July. Mean serum vitamin A concentratíon ranged from about

31 ug/100 ml ín April to about 53 uC/100 ml ín June. Duríng the calving

períod, mean serum ß-carotene concenËration was hígher (P<.05) in group

2 cows compared to group 1 cows but mean serum vitamin A levels did not

dif f er between the Ë\,üo groups. Correlation between serum ß-carotene

and vitamin A was sígníficant (P<.05) and posítíve. Mean interval to

ovulation (IO) and services/conceptíon (SC) díd not díffer (P>.05) be-

tT{een the two groups but ínËerval to uterine ínvolutíon (IUI) and Ínterval

to fírst service were longer (P<.05) ín group 1 compared to group 2.

Mean days open (nO) was somewhat longer (P = .06) ín group 1 than ín

group 2 cows. Partíal correlatíon coeffícients for serum ß-carotene and

viLamin A concentrations during the calving period and each of the

reproductive parameters T¡rere not sígníf icant (P>.05).

In experiment 2, 37 cows were assigned to a 2x2x3 factorial experí-
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ment from 4 weeks prepartum to L2 r^reeks postpartum' The 3 factors were:

2 levels of a g-caroEene treatment - a no carotene suppJ-ement (Bl; sup-

plylng only vÍtanin A) and a ß-carotene supplement (82; supplylng only

g-carotene); 2 level-s of a deworming treatment - no treatnent (T1) and

one injecrion of 0.044 ml/ke BI^I of tramisol (Tram) at parturition (fZ¡;

3 rarion (Rat) rreatments - Rl- (control wlth 9.7% cotn), R2 (with 7.97"

extruded canola seed l-n place of corn) and R3 (wíth 7 .97" canola r¿hole

seed ín place of corn). Beta-carotene supplementatlon raised (P<'01)

seruB ß-carotene concentraÈion ín the 82 group but had no effect on

serum vítamin A. Tram and Rat treatments had no effect on serum ß-caro-

tene and vítanin A concentrations. Beta-carotene supplementation had

no effect (P>.05) on IO, IUI , SC and DO. None of these parameters \¡Iere

affected by Tram and Rat-treaËEent,s. Reproductíve dísorders, clínícal

mastítís and milk somatlc cell- count were not affected (P> '05) by any

of the three factors. Apart from a hígher mitk yield (P<.05) for cows

on T2, Lhe three factors had no lndependent effects (P>.05) on mllk

production parameters .

In experiment 3, 20 S-month-ol-d heifers were assigned to either a

control (C; supplying only vitamin A) or a ß-carotene supplemented

(BC; supplying only ß-carotene) graín ratl-on ín a completely randomized

desfgn. Heifers recef-ved, ad ltbitum, a low-carotene basal forage of

corn silage, old weathered hay and/or stral,/ plus 2 to 2-5 kg/hd of the

approprÍate graÍn ratlon. serum ß-carotene and vitamin A concentrations

were hígher (?<.05) fn BC heifers. Average daíly gaín was improved with

ß-carotene supplementatÍon (P<.05). Beta-carotene supplementation had

no effect (P>.05) on mean age and body weight aÈ puberty; estrous cycl-e

length and SC. Serum concentration of Progesterone (PO), estradlol-
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17ß, LH and I'SH from prepuberty Èo day 17 of. the first estrous cycle

\ùas noÈ affected (P>.05) by ß-carotene supplementation. Total PO out-

put duríng the estrous cycl-e díd not differ (P>.05) bet\tteen C and BC

heifers. However, the íntensity of estrus r¿as increased (P<.0L) by

ß-carotene suppl-emenËatíon, and the interval (hrs) from LH peak to

ovulation hras longer (P<.01-) ín the C heÍfers.
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INTRODUCTION

Effícient reproductíve management ís no¡ recognízed as an essentíal

and integral part of a profitable dairy operatíon. The l-iterature

índicates that 3 to 67" of the rnilking herd is culled annually for re-

productive reasons (Fosgate L965; Batra et al. L97l; Allaire et al. L977).

Nutrition is one of the environmental factors that influences reproductive

effíciency ín cattle. Energy and proËein deficiency are two nutrítÍonal

factors whose adverse effects on reproductive performance have been

extensively researched. However, adverse effects of the defÍcíency of

some specíflc mínerals and vítamÍns on reproductÍon have been reported

as well (Zíntzen 1974).

The necessíty of víÈamin A for optímuur reproductíon Ín cattle and

other specíes has been clearly esÈablíshed (Thompson 1975). Beta-caro-

tene is one of many plant carotenoids that is converted in the íntestinal

mucosa of animals into vítamín A (Goodman and Olson 1969). As a nutrí-

ent, $-carotene has been tradítíonall-y regarded solely as the principal

precursor of vítamín A in animals. tr'lithin the last decade, research

findíngs in Europe have suggesÈed a new specific role for ß-carotene Ín

the reproductíve function of dairy cattle, whích ts índependent of its

vitamin A activity. The European sËudíes have Índícated a posítíve cor-

relatíon between dietary lntake of ß-carotene and reproductÍve perfor-

mance in dairy cattle (Friesecke 1-978). Furthermore, írrespective of

adequat,e viÈamín A supply, $-carotene defíciency ín daíry heifers and

corrs úras found to be associated wíth sil-ent heat; delay of ovulation;

higher incídence of cystÍc ovaries; more services per conceptíon; re-
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duced conceptíon rate; lower progesterone output and Íncreased incidence

of early embryonfc mortality and abortion (Lottharrmer l-979b).

The results of field trials conducted Ín Canada and the United

States beËween 1978 and 1980 have general-ly supported the earlier European

findings (Olentine L982). At the time this project !ùas ínitiated in

0ctober of l-980, there were no publÍshed reports of control-l-ed studies

in North AmerÍca on the reproductive effects of ß-carotene. However one

Israelí study ínvol-ving Friesían heifers indicated Lhat ß-carotene de-

fícíency had no adverse effects on the reproductive performance of the

heífers (Folnan et al. 1979). If the suggested role of ß-carotene ín

bovíne reproduction ís universal, then ít seems reasonable to hypothe-

size that ß-caroÈene supplementaÈí-on to catÈle on lo¡¿-carotene díets would

improve reproductíve performance. Therefore, three long-term controll-ed

experíments wíth HolsÈeín heifers and cor.rs were conducted Ëo ínvestígate

the suggested new role of ß-carotene in bovine reproductive function

under North Amerícan conditíons.
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LITERATURE REVIEW

Most of the lÍterature on ß-carotene prior Lo the early 1970rs ís

relaÈed to íts vitamín A actÍvíÈy. AJ-though the conversion of ß-carotene

to víÈamin A and the ímportance of vítamin A for optimum reproductíon

have been establ-Íshed, the form of vitamin A necessary for reproduction

and ttre physÍo1ogica1 basls for fËs ínfluence on reproducLion are not

well known.

Recent suggestions of a specific role for ß-caroÈene Ín bovíne re-

productÍve function r^rere based primaríly on observed ímproved reproductive

performance Ín vítamin A-sufficíent cattle that urere suppleurented with

ß-carotene. However, other reporLs have províded ínconsistent andfor

contradíctory evidence on the role of ß-carotene in bovine reproduction.

The initial portion of this revíew wíl1 deal wíth the connectfon be-

tween ß-carotene and vítamin A, factors affectíng carotene utilízation

and the presence and metabolism of intact ß-carotene in the body. Sub-

sequently, an overview of the available data on the vÍtamin A-índependent

effect of ß-carotene on reproductíon and other body functíons wílI be

presented. Finally, the suggested ß-carotene requirements for cattle

will be discussed.

Beta-carotene as a Precursor of Vitarnín A

There are over 80 naturally-occurring carotenes, but only 15 are

known to have vítamin A activity (SchweÍter and Isler L967). Beta-

carotene has the highest vitamin A activity of all the carotenes (Deuel

et a1. L945) .

Earlier studies demonstrated an association between carotene intake
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by anínals and vítamin A sÈatus. As early as 191-9, Steenbock and Goss

recognfzed an assocÍatÍon beEween the yellowness of feeds (an índÍcation

of carotene conÈent) and vÍtamin A actívÍty. But another reporË by

Palmer and Kempster (19L9) fndicated that yellow-pígmented feeds were

not the only sources of viÈamin A. They corrected poor grorÀrÈh and re-

productive devel-opment fn vítar¡Ín A-deficient bÍrds by feeding them non-

pígmented pork líver, even Èhough the bírdsts shanks, comb and egg yolks

remained pale. A decade Later, Moore (L929) demonstraÈed conclusively

Èhat vítarnín A accumulaÈed in the liver of vítamín A depleted rats after

they were fed htghly purified carotene that could not have contained any

preformed vítamín A. This findlng establíshed carotene as a precursor

of vitamin A.

Hemken and Bremel (1982) have stated that most of the líterature

prior to 1950 in whích the essentialíty of vítamin A for optimum repro-

ducËíon was established ínvolved studÍes that used carotene as the pri-

naïy sor-rrce of viÈamin A. Some symptoms of reproducËive problems assocí-

ated with a low intake of vitamin A or íts precursor r¡Iere descríbed by

Hart and Guilbert (1933). These included btrth of dead or r¡7eak calves,

a hígh Íncidence of reÈaíned placentae, and some abortíons. Conceptíon

rates were lower for catt,le fed 44 compared with 84 Ug carotene per kg

body weíght (Kuhlman and Gallup Lg42). Another report discussed by AsdelJ-

(L949) in his review contended that cattle fed diets containing 27 to 47

mg/anímal /day ot carotene requíred 2.0 servíces per conceptíon as compared

wÍth 1.4 services per conceptlon for catÈle fed 48 to 72 mg of carotene/

animal/day.

The conversion of ß-carotene to vitamln A occurs primariLy ln the

intestÍna1 mucosa during the absorption of díetary ß-carotene and other
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carotenoid precursors of vitamin A. Moore (1930) was the ffrst to report

the conversí'on of carotene to vftamín A in the fnÈestinal mucosa of rats.

Subsequently, it was conffrmed that when ß-carotene was fed to raËs,

vitamín A appeared ln the inÈestinal wal1 before an appreciable amount

was found in the l-Íver (-Mattson et al-. L947; tr{Íese et al. 1947). Other

studies identífyÍng the inÈestinal wall- as the sÍte for the converslon of

ß-carotene to viÈamín A were conducted wíth rabbits and goats (Goodwin

and Gregory L948); wÍth pigs and sheep (Thompson et al. 1950); wíth chicks

(Cheng and Deuel 1-950; Síbbald and Olsen 1958) and with cattle (Elliot

19491 StalJ-cup and Herman 1950).

The biochemÍcal processes ínvolved in the conversion of carotene to

vítamín A have been establíshed (Goodman and Olson L969). fn the in-

Èestinal- mucosa cel1s, ß-carotene is first cleaved at its cenÈral double

bond by a dioxygenase to yield (ideall-y) two molecules of retÍnaldehyde.

The retínaldehyde ís converted by a reductase to reLínol, whích then

Lô^^-^õ ao+ari Çia,7 Çav l-roñêñ^r+ /inr'*io11rr l-hrnrrol, Ì1ra lrzmnhafín rrocqolc\
Lr4¡¡et/vru \4rrå avvvv+vt

to the liver. In the liver hydrol-ysís, reesterificatíon and storage,

prínarily as retinyl palrnitate, occurs. The efficíency of ß-carotene

conversion to víËamin A is greater ín the íntestinal mucosa Èhan ín other

tÍssues probably because of the excellent system for emulsifying Iípids in

the íntesÈine thus rnaking carotene more accessible to the enzyme systems

(McGíllivray 1960).

Factors Affecting Carotene Util-izatÍon

Apart from the wÍde variation in carotene content of feeds, there

are numerous factors that affect the utilízation of carotene. A discussíon
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of al-l these is beyond the scope of this review. However, some of the

more relevant ones are presented in thís section.

Level of Carotene Fed

Of the varlous nutritional factors that can affect the utilízation

of carotene, the most decísÍve one appears to be the amount of carotene

consumed. The efficÍency of caroËene utllizatíon ís highest when it is

consumed at relatively low levels (Rubin and DeRítter 1954; Branion and

Emslie L966). Absorption fs impaired at high dosage rates since ap-

parent dígestibílity and absorptfon coeffícients decreased at hígher

dosage rates (Bauernfeind et al-. 1981). Furthermore, as the amounts of

caroÈene tngested increased, the effíciency of its conversíon to vitamin

A decreased markedly (Erwínet al. L957; Myers et al. 1959; Grífo et al.

1960).

This phenomenon has been demonstrated in severaL species of animals

rrcinç hnth netrrr¡''! en¡l sr¡nthet'ic form-e of ß-carotene. For examnle ín

the rat, a carotene to viÈamin A conversíon ratío of 221 is obtaíned at

low intake levels but thís ratío could íncrease to 6:1 to 10:l- at hígher

levels of intake (Bauernfeind et al-. 1981). Símilarly, ín the chicken,

a 2:L raÈío has been suggested for low intake levels but a 4:1 to 10:1

ratio ís more líkely at higher levels of intake (Marusich and Bauernfeínd

L963; Flegal et a1. L97I). Myers et al. (1959) reported a ratfo of 5 to

6:1 for pigs at low inÈake levels but an 8 to 10:1 ratio at higher intake

levels. Tn sheep the ratÍo varies from 5 to 6:1 at low intake levels

to 13:1 at high lntake levels (Rouseau et al. L956; Myers et a1. 1959).

In daíry cattlen data presented in a revÍew by Bauernfeind et al. (1981)



7

suggest Èhat Èhe ratío could vary from 5:1 at lor¿ Íntake levels Ëo as

high as 20:l when intake ís very high. Asíde from Èhe level- of carotene

consumed, numerous trials have shown Èhat after periods of defíciency'

carotene ís poorly utilízed (Byers eÈ al. l-956; Erwin et al.19572

Myers eÈ al. 1959). The longer a deficiency of carotene was maíntained,

the greater the deterÍoration of the animal-rs abÍlíty to subsequentl-y

convert caroÈene to vitamín A (Grífo et al. 1960).

Pre-íntestínal Losses

A number of papers indicaÈe thaÈ there ís consíderable pre-íntestinal

degradatíon of carotene, particul-arly in the ruminant. King et a1. (1962)

demonstrated by means of ln vitro and Ín vívo studies that about 40z.

of íngested carotene and vítamÍn A were destroyed in Ëhe ret.ículo-rumen

of sheep. Potkanski et al. (L974) have reported pre-intestínal carotene

losses of 25-33% of dfetary intakes when al-falfa meal or carotene in

stabílized beadlets rüeïe the sole source of carotene. Losses vrere greater

wÍth the a:-f.aLfa meal than with úhe beadl-ets. Others have also reported

apprecíable losses of carotene due to pre-Íntestinal destructíon

(Davidson and Seo 1963; Pugh and Garner 1963). Hor^rever KeaÈíng et al-.

(1964) found no effect of in vítro fermenÈatíon on loss of carotene'

although there T¡tas some loss of vítamín A acetate.

There is very l-tttle infornation on how carotene ís destroyed ín

the reticulo-rumen. The preíntestínal degradatíon of carotene may be by

oxidatÍon sÍnce clear stomach extracts, in the presence of rnethyl lino-

l-eate, \¡rere found to oxÍdise carotene whíle extracts from the sma1l in-

testine rvere less actíve (Hove 1943).
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Díetary Fat

Since ß-carotene is a precursor of a fat soluble vítanín, it ís used more

effecÈively Ín the presence of fat or o11. In the absence of fat' caro-

tene may not be absorbed from the intestine. Ahmad (L937) demonstrated

Ëhat rats on a lovr fat díet r¿ere unable to absorb much caroËene but when

L0% f.at was íncorporated Ín the díet, util-ízatíon of the carotene t/as

al-most complete. Beta-carotene and vltamln A utilization were both betÈer

in raÈs on díets contaíníng 57. Latd compared to those whose díet had no

added fat (Burns et al. l-951). Shaw and Deuel (L944) observed a corr'ela-

tÍon between the quantítíes of fat j-n the díet and carotene ttíLizatíon by

râts. An ímprovement ín carotene absorption by the addition of fat in

the díet has also been observed in chickens (Russell et a1. L942).

Similar findings in human subjects and ín other animals have al-so been

reported (Van Eckelen and Pannevís 1938; Thompson et al-. f949). Recentl-y,

Ashes et al. (L982) reported that feedíng cows r¡ith díets contaíning

protected sunflower oÍ1 seed or protecËed tallow raised the concentration

of plasma g-carotene over that observed for control co\¡Is. Conversel-y,

accordíng to Hibbs (1980), excessive amounts of fat in the diet may be

detrímental since the addítion of large amounts of faÈ by feedíng large

amounts of raw soybeans can reduce carotene absorptíon.

The type of fat also Ínfluences carotene utílízatÍon. Beta-carotene

was 5 to 6 tímes more effective for rats when dissolved ln peanut oil

than when dÍssol-ved in cottenseed oí1 (Dyer et al . L934). As a solvent

for carotene, soybean oil was better Ëhan cottonseed oil, 1-ínseed oil

and corn oí1; while buÈterfat and coconut oí1 r¡ere the worst (Sherman l-941).
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This would suggest that unsaturated oil-s are more effectíve fn promotíng

carotene absorption than saturated fat. Hor¡ever, ín contrast to the

prevíous fíndíng, Adlersberg eÈ al. (lg4g) found butÈer to be a better

promoter of carotene absorption Ëhan coÈtonseed oí1.

The findings of Brown and Bloor (l-945) Índicated that chain l-ength

of dieÈary fatty acíds infLuenced carotene absorptíon. They observed

that carotene absorption by rats from raw carrots was highest when l-ow

molecular weíght fatty acids were given. A depression f.n absorptíon

occurred as fatty acíds wíth l-onger chaín lengths v¡ere fed. For dietary

fat to be effective in ímprovíng carotene utilization, the fat must be

sÈable 1n order to enhance carotene preservatíon by tocopherols and other

antioxidanËs. The developmenÈ of rancídíty ín dietary fat causes the

destruction of carotene and vítamín A giving rise to deficiency symptoms

(Matsushiura and Dowe 1954) .

DieËary ProteÍns and Vitamins

Díetary proÈein and ß-carotene and vÍtamín A metabolism are also

closely related. Both quantÍtatíve and qualÍtative protein defíciency

appear to impaÍr carotene util-ízation. Díetary carotene was much more

effectívely utíltzed by rats r.¡hen hígh-qualíty proteín (caseín) rather

than low-qua1-tty protein (zeín or gluten) was used (Fraps 1946; Janes

and El Gíndí 1953), A number of workers have concluded that eíther the

absorptíon of caroÈene or Íts conversion to vitamin A is dlrectly

dependent on Èhe amount of proteín intake (Arních and Pederson 1956;

Matthews and Beaton 1963). In hís revÍew of the J-iterature, Campbell

(L964) suggested that protein defíciency j-n an animal may result in
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reduced absorption of carotene and retarded mobilization of hepatic re-

serves of retinol-. Olson (1969) has índícated that the synthesis of a

number of key proteíns ínvol-ved in the utilízatíon of provítamin A caro-

tenoids and in the absorption and transport of vitarrin A ís depressed by

protein deflcíency.

The three key vitarnins Èhat. appear to ínfluence carotene utilization

are vitamins A, D and E. Adurinistration of massive doses of vitanin A

have been reported to l-ower serum, liver, skin and egg yolk carotenoid

values in poultry (Donovan et al. I96L; Dua et al-. L966) and serum and

urílk fat carotene content Ín cattl-e (Blaxter et al. L946; Jacobson et a1.

L950). Vitanin A is believed to interfere with the absorption of caro-

tene from the íntestínal tract possíbIy due Èo competitíon between the

two sínce they are structurally reLated (Bauernfeínd et a1. 1981). There

is no sol-íd evidence to support other indirect mechanÍsms by which

vitamin A affects carotene :utÍJ.Í-zaLion although the effects of thiouracÍl

on'J lriclr rzi {-âmin A '!o'rzo'!s 
^r'! .â1'!'ìtennir'1 lltí1iz.ati r-rn ârìrìtrâl' tn he simi]-afsrtu t¡¡b.¡

(Dua et al. 1968).

Obviously other faÈ-soluble vítamíns ínfluence carotene utílízaLíon

through other mechanisms. Hendrícks eË al . (L967) reported that the

util-ízatíon of ß-carotene is depressed by high levels of vitamfn D. On

the other hand, high carotene intake al-so has antí-vitamÍn D effects

(riiuus 1980) .

IÈ is generally recognízed that both carotene and vitamin A are

more effectively utílízed when fed with optimal vítamin E íntake. More

(1940) rnade the orígínal observatíon that when vitamin E is adurinístered

wíth vitamín A or carotene, a greater storage of vitamin A in the liver
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occurs as a result of improved stabílíty of vítamín A and carotene in

the gut. It has sínce been repeaÈedly confirmed by other workers that

vitamín E exerts a protectíve effect on vÍtamin A and to a greater extent

on ß-carotene at various Íntake l-evels (Hicknan et al. 1944; Lemley et

al. 1947; Gol-dharber et al. 1950; Anes l-969). In enhaneíng the efficíency

of carotene and vitamin A, utíLízatíon, viÈamin E acts as an antioxidant

in the gastrointestÍnaL tract to protect ß-carotene and vítamin A from

desÈruction (Quackenbush et al. L942). However, the amounÈ of vítamín

E fed ís criticaL since large doses of vítanin E may adversely affect

carotene and vitamín A utilízation (Johnson and Bauman 1948). More G957)

has postulated that at high dose levels, vitamín E ínhíbiÈs the oxídation

phase of retinol formation, but at l-or¿er levels it prevents oxidatíve

destructíon of carotene.

NiËrates

---L L-- ar-t-^l !L^ LJ^1^ 
-i ^^ñ!^6+ ^E ç^-^^^- t^^^-.-i1...Kgliearcrr IIaÞ' Ittll(c:u Lttc ¿rIBI¡ rrrLréLç uvr¿LErrL v! !vr@ËçÞ r!çavr!J

fertíIízed r¡ith nitrogen with impaired utillzation of carotene (,Muhrer

et al. 1955; Cullíson and hlard 1965). However, several researchers have

demonsËrated thaÈ nitríte and not nitrate is really responsíble for the

ímpairment of carotene and vitamin A utílization (Davidson and Seo L963;

Olson et al . L963; Pugh and Garner L.963; Roberts and Sell 1"963). In the

ruminant, nitrate can be converted to nítríte by rumen microbial re-

duction. In hís work wíÈh the rat, Phí1l1ps (1966) concluded that nítríte

inhibited carotene and vítamin A utílÍzation by direct oxídaËíon of the

tlro compounds. There \,{as no Ínterference wÍth absorptlon, enzymatÍc pro-

cesses assocíated wÍth converslon of carotene or l-íver functíon. 0ther
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workers have suggest,ed that the nitrate effect may ínvolve a combinatíon

of direct oxidatíon and interference with absorptÍon (Sell and RoberËs

L963; Adans et al. l-966). The ímpairment of carotene utilization by

nitrite may also ínvol-ve an indfrecÈ inhibítion of the conversíon of

carotene to vÍtamln A by oxídising haemoglobin whích is thought to par-

tícipate in the conversion (Pfander 1962). The destruction of carotene

by nitrite ís pH dependent; the rate of carotene destruction increasing

as pH decreases (Ol-son et al-. 1963).

Presence of Intact Beta-caroÈene in Body FluÍds and Tíssues

The biochemistry of carotene conversíon to vítamin A, as presently

understood, ís most appltcable to the rat, the experimental model for

most of Èhe experiments on Èhis subject. The main features of the bío-

synthetíc pathway from carotene Èo vitamin A are thought to be simíIar in

all anímals. Ilowever, there are some specíes, breed and indívidual ani-

mn1 'lf f f oronnac in rhc in!-csrínal rnetabol-ism of carotene. Some soecies

ín addition to converÈÍng carotene to víËamin A, absorb intact carotenoids

whí1e others absorb 1ittle or no carotenoids.

The rat and pig absorb and accumul-ate vírÈually no carotenoids

beyond the intestínal mucosa (Thompson eÈ a1. L949; Olson 1964). Human

beíngs absorb and accumulate both carotene and xanthophylls ín theír

body tÍssues (Krinsky et al. 1-958). Among the domestíc mammals, cattle

and horses absorb and accumulate faLrly substantial amounts of carotene

(Phi11ips L966). The presence of carotenes ín the plasma and body fat of

the horse \¡ras reported in the early literature (Garton eË al . L964). The

carotene content of horse plasma was found Èo fluctuate seasonally
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probably due Ëo the alternatíng ínfluence of fresh pasture and dry forage

(Vander Noot et aI. 1965). The absorption and accumulation of carotenes

in Èhe body by cattle has been widely reported (Parish et al . L947;

Gangul-y et al. l-953; Chew et al. 1983). The 1eve1 of carotenoids in the

pJ-asma of catËle also shows a marked seasonal variatlon reflectíng fluc-

tuatíons in díetary intake (Marsh and Swíngl-e 1960).

Variations Ín pLasma carotene levels among differenÈ breeds of

cattle have been reported (HÍbbs et al. L949; Krukowsky et a1. 1950).

For example, under sínil-ar feeding conditÍons Guernseys accumulate greater

quanLíLies of carotene in Èheir tíssues than do HolsteÍns (Goodwín 1954).

Bauman et al. (L934) reported that Guernsey milk is richer ín carotenoids

than Fríesían or Ayrshíre nÍlk. The breed differences in the accumulatíon

of carotene Ín body tissues of cattle may reflect, ín part, differences

in íntestinal carotene metabol-ísm. More eÈ al. (1943) reported that to

prevent increased cerebrospinal fluíd pressure, Guernseys required 1.1-3

tímes as nr:c-h, anel Jerseys 1.07 tímes as mueh earoËene as did Hol.steins.

To maíntain marginal plasma vitamin A concentrations \'¡ith s1íght liver

storage, Ellíot (1949> noËed a carotene requírement for Guernseys that

was 1.7 times that for Holsteins. Depending on the critería used,

HolsteÍns converted carotene to vitamín A 1.4 to 1.8 times as efficienÈly

as Guernseys (Eaton eË al. 1959). Kapoor and Ranjhan (L974) have reported

that Èhe absorption of carotene in Holsteins and crossbreds was better

than in the Hariana breed.

Sheep and goats are among the mammallan specíes that have l-ittle or

no carotenoids in their body tíssues. Early reports (Goodwín L954) in-

dicated the presence of some carotenes in plasma, col-ostrum and Iíver of
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sheep, parËicu1-ar1-y when they rrere on fresh pasÈure. Low levels of

caroËene have been found in the plasma (5-15 pg/100 ml; Píerce L946),

colostrum and nil-k (B-10 ug/100 ml; Píerce 1947) of sheep. Chanda (1953)

observed that goat colostrum conÈaíned traces of B-carotene, whereas milk

did not.

Aside from blood, colostrum, l-iver and body fat, which are the

príncípal síËes for carotene accumulation, other body tissues in species

that absorb carotene have been found to c,ontain the pigment, Carotenoids

are deposited in body organs and tissues such as the adrenals, bile,

corpus luteum (Ct), corpus rubrum, íris, kÍdney, muscLe, ovarÍes, epi-

Ëhelium, píÈuitary, placenta, testes and thymus (Bauernfeind et a1.

1981-). The high concenÈratíon of ß-caroÈene in a special-ized reproduc-

tíve organ and Èissue such as the ovary and CL ís of partícular interest

since thaÈ raised the ínítial- speculatíon thaË ß-carotene may play a

specífíc role in the ovarian funcËíon of cattle (Lottharnmer 1979b).

Earlíer studies by Schultz (1956), Bruggerman and Níesar (1957) and

more recent ones by Schultz et aL. (L973) and Ahlswede and Lotthamurer

(1978) revealed that the CL of cattle contains a hígh concentration of

ß-carotene but no vítarnin A. Stowe and Marteniuk (1982) observed sig-

níffcanÈ positive correlatíons beEvreen carotene ín bovine corpora lutea

and serum caroÈene. However, contrary to the earl-ier reports, they found

a small- but ínconsistent quanÈity of vitamin A, as retinyl palmítate in

the corpora l-utea. On Èhe other hand, Chew et a1. (1983) found ß-caro-

Ëene ín both the follícular fluid and corpora lutea of the cow, while

vitamín A was found Ín the follicular fluíd but not in the CL.
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It Ís noË clear how vítamín A actíviÈy is deríved from absorbed ln-

tact carotenes Ín most specíes. Some cleavage of carotenes to retinol

can occur in the l-iver of the rat through the action of a dioxygenase

with propertíes símilar Èo that found ín the intestÍne (Olson and

Hayaíshi l-965). A number of workers have demonstraÈed that the rat can

convert carotene injected ínto Ëhe bl-ood to vitamín A (Beiri and Pollard

L954; McGillívray et al-. L956; I'Iorker L956). Extra Íntestínal tissues

such as the lÍver, kidney and lung lrere suggested to be involved in thís

conversion. In the calf, Kon eÈ al. (1955) and McGillivray et al. (1956)

found no evidence of the conversíon of intravenously adminístered caro-

Ëerie to vitamin A. Ganguly and Murphy (L967) have concluded that extra

íntestínal conversíon is less effícíent ín those species that regularl-y

circulate carotene in the blood. Yet a recenË in vitro study by Sklan

(1983) has revealed carotene cl-eavage activity in the bovine CL vríth

properËies símilar to those reported for the íntestína1 mucosa and l-íver

in oËher species. Skian (i983) foun<í Ëhai the caroiene cieavage ac--

tívÍÈy íncreased from a rate in regressíng CL which was comparable to

that of intestínal- mucosa, to a rate ín míd-cycle CL whích \^7as more than

two-fold that of intestínal mucosa. There vlas very 1ítt1e retinol

esËerificaËÍon for storage in the CL, pronptíng Sklan to hypoÈhesíze

that carotene ís stored in and converted by the CL to retinol for im-

mediate use by that organ.

Effect of Beta-carotene on Bovíne ReproducËion

Field Studies

As previously índÍcated, the inítía1 speculatíon about a vítamin



16

A-independent role for ß-carotene in bovíne reproduction was pronpted

by the reporËed hígh concentrations of ß-carotene ín the ovary and CL.

Field sÈudíes conducted by Seítarítís (L963) and Konnerman (1967) pro-

vided inítíal ÍndÍrect evldence Ín support of thís hypothesís. Seítarítís

(l-963) examined bovine serum vitamin A and carotene values at specifíc

stages of the ovarÍan cycle and found an association between low carotene

l-evels and hígh incídences of ovarían cysts. Konnerrnan (1-967) observed

that the interval bet¡+een fírst insenination and conceptÍon ín cor,¡s was

shorÈer when $-carotene suppl-ementation was increased. Consequently,

cows fed the hígh levels of carotene had shorter calvÍng intervals. Sub-

sequent reports suggested a correlation between progesterone output by

the CL and the carotene staÈus of cattle. Schultz et al. (L974) ob-

served that the progesterone concentratíon in the CL of sl-aughter cows

\.ras higher in summer than in wínter; paral-leling the seasonal- variatíon

in ß-carotene concentration ín the CL. Anwandter (L974), on the other

hand, did not find much seasonal difference in the progesterone output

of the CL but noted that the rise of the progesterone profíle during

the estrous cycle was delayed ín urínter.

Several- other fíeld studíes have produced data which generally sup-

port the hypothesis that ß-carotene ínfluences reproductíve performance.

However, Líke uany field studies, these trials were often not adequately

control-led. Ml-ngazov (Lg77) observed a first service conceptíon rate of

577" fot carotene-supplemented Red Steppe col¡Is compared Ëo 397. f.ot un-

suppJ-emented controls. Despite this, the final plasma carotene concen-

tratf-on in the supplemented group was within the range (100-200 ug/100

nl) classifíed as criticaL by Fríesecke (1978). The resul-ts of three
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trials conducted ín Dermmrk on the ß-carotene effect on fertílity of

caËtIe were reviewed by Friesecke (1978). In the first tri'al-, S-carotene

admÍnistratÍon by injectl-on reduced the interval from calving to conceptíon

and services per conceptíon and doubl-ed the concepÈfon rate after fírst

inseminaÈion. Símilar resulÈs were obtained in the second trial- ín-

volvíng oral caroÈene supplementation, even though the control cows had

hígh plasma carotene level-s (t3OO ug/100 urt). Agaín there was ímprove-

menÈ ín conceptíon raÈe with carotene supplementatÍon in the thÍrd tríal.

In a field trial conducted in the United KÍngdom (Cooke and Comben

1978) hal-f of a conmercíaI- dairy herd of 182 cows was fed grass silage

(high in carotene) and the other half was fed corn silage (l-ow in caro-

tene). No supplenental Ê-carotene hras gíven. The resul-ts showed that

cows fed the high carotene diet had a higher conceptíon rate after first

insemínatÍon and fewer overaLl services per concepÈion than those on the

low carotene diet.

^ -^,--: ^-- ^g J^+^ t-^- A ^^s^+^^^ -..-^1^ñ^ñ+^ +.'^- ç-: ^'l J +'-i ô1ô í-Á !çvIçw vI u4L4 !!VU p-UelVLEr¡ç ÞUyyrç¡Ae¡lLoLrurr

four United StaÈes and five Canadian herds r^¡as presented by Olentíne

(L982). The results showed that supplemental- $-carotene appeared to be

useful in maintaíning normal reproducÈion ín daíry co\^7s. CaroËene-

supplemented cows on the average had fewer days open and fewer services

per conception than cor¿s not receivíng supplemental- B-caroÈene. In three

of these trials, reproductÍve performance data of the carotene-supple-

mented cows ürere compared with that of cows ln the herd one year before

the carotene suppl-ementatíon. Such a comparison Ís not val-id since

interím cullíng of the herd on the basis of fertilíty problems could have
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ínfluenced the reproduct.íve performance of the remaíning herd that sub-

sequentl-y received the carotene supplementaËíon.

In his review, Stowe (1984) presented the results of an unpublished

field study by Studer at Carnatíon Farms that shov¡ed no beneficial effect

of carotene suppl-ementation. No significanÈ dífferences in the rate of

fÍrst-service conceptÍon, services per conception and days open vrere

observed for control and ß-carotene (300 mg/head/day) supplemented cows.

Controll-ed Studies

The validíty of the growing evidence regardÍng a possible specífic

role for $-carotene ín bovíne reproduction was first tested in controll-ed

studies conducted ln Germany. A number of recent revÍevrs concerníng these

ínttial studies and subseguent ones have been publíshed (Fríesecke 1-978;

Lotthammer L978; Lotthanner L979b; Stowe 1984).

In all Ehe German studies, the Black Pied breed of cattle was used.

Ìloiforc r.râro rrcaá in r-1ra firqt throa qt-rr¡lioq in ¡^*rính q11 anim¡'lq ro-

ceíved a basal l-or¿-caroËene diet. Hal-f of the heífers received 100 I.U.

vitamin A plus 0.3 mg ß-carotene per kg body weíght whíle their control

counterparts received only vítamin A equal to the toËal vitamín A equíva-

l-ent receíved by Èhe caroÈene-supplemented groups. In all- three studíes,

the l-ow-carotene heifers showed disËurbances of reproductive functíon

which r¿ere l-inked directly or indirectl-y to ovarían function. Compared

to the carotene-suppl-emented groups, the low-carotene helfers showed pro-

longed and poorly defined estrus (sílent heat); a longer intervaL from

both onseÈ of estrus and pre-ovulatory LH peak to ovul-atlon by up to

24 hours; and a hígher íncídence of ovarian cysts (Meyer et a1. L975;
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Lotthammer et aI. L976; Lottharnmer and AhLswede L977t Schams et al.1977).

llhíle the preovulatory LH peak val-ues were not sígníficantly differenE

between the tvro groups of heÍfers (Schans et al. f977), the CL of the 1ow-

carotene heífers developed more slowly and remained smaller (Lotthammer

et al. L976). As a result of the ovarian disorders, conception rate to

one or trvo fnseminatÍons was markedly lower and overall services per

conceptfon vüas hÍgher in the low-carotene heífers compared to the carotene

supplemented ones. In one experiment, the tíme lag beÈween onset of

esÈrus and ovulation lrras reduced consÍderably ín low-carotene heifers when

(after 29 weeks of carotene deficiency) they were given supplemental

ß-carotene for 7 to 10 weeks (Meyer et al. 1975).

A study was also conducted wíth cows in whích the leve1s of vítamín

A and ß-carot.ene given to control and carotene-supplemented cows re-

spectively, \¡rere based on milk yíeld. Beta-carotene deficiency ín the

control Broup also produced detrimental effects on postpartum reproductíon.

Uterine involuÈion and Èhe resumptíon of ovarian funcÈíon after parturí-

tíon were delayed in Èhese cohrs compared Èo the carotene-supplemented

ones (Lotthammer et al . 1978). Estrus in Èhe control coI^rs, as in the

low-carotene heífers, r,ras weak and ovul-ation was delayed by an average

of 13 hours in comparison to the carotene supplemented covrs. There was

a slower rise and lower levels of progesterone during the estrous cycle

Ín the control coqrs. Furthermore, the ß-carotene-deficÍent cows had a

high rate of embryoníc mortality between day 37 to 45 of. gestatíon and a

high rate of early abortion ín the l8th to 20th weeks of gestation.

Folman et al. (1979) attempted to confÍrm the posítíve German fínd-

ings using similar carotene treatment procedures on Israeli Friesian
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heifers. In contrast to the prevíous fíndíngs, they observed no dif-

ferences ín duratÍon of standing heat, length of the estrous cycle, pJ-asma

progesterone and LH concentraËfons, Ínterval from LH peak to ovulation

and conception rate to 1 or 2 inseminations between control and carotene-

supplemented heífers. However, average growth rate was higher for the

carotene suppl-emented group compared to the controls. Folman et al.

(1979) suggested that the use of a teaser bu11 for estrus detection may

have markedly improved the conceptíon rate particularly ín the control

heffers ¡^rhich ha-d ext.remely 1ow serum ß-carotene levels. It ís worËh noting

that Ëhe peak serum ß-carotene concentration of the carotene-supplemenÈed

heifers in the study by Folman et al . (L979) was far lorrrer than that of

carotene-supplemented heífers ín the Meyer et al. (1975) and Lotthanmer

et al. (J-976> experíments.

In a study wíth Brown Swiss and Sirrnental heífers, Bonsembiante et

al-. (1980) observed 20% írregular estrous cycles whích occurred prírnarily

tr, - ,ran Ene .LOI'I-CAfOEene COVIS. Iney IOUIIO no poSIf,IVe eIIecL uI c¿rluLeIIe suP-

plementatíon on number of cows in heat, although the carotene-supplemented

cor¡rs appeared to have longer and more evldent periods of esErus than Èhe

low-carotene co\^rs. The results of a more recent study wíth Charolais by

Ëhe same workers (Bonsembíante et al. 1983) showed a higher íncídence of

Írregular estrous cycles (46 vs 3L7.) and weak estrus (31 vs I9%); a

lower fertilíty rate at first ínsemination (27.9 vs 501(); and more

servíces per conceptíon (3.9 vs 2.7) in lor¿-carotene heifers compared to

those supplemented wíth ß-carotene. Carotene suppl-ementation did not

affect serum progesterone concentratíon at day 21 post-insemínaÈion ín

thís study.
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Jackson (1981) studied the effect of caroÈene deficÍency on repro-

ducËÍve performance by feeding a Low-carotene díet Èo group L of 12

Fríeslan cows for varying perlods of time (2, 4 and 5 weeks). The cows

r^rere esÈrus synchronízed with 2 ínjectíons of cloprostenol given 1L days

apart, followed by ínsemÍnations at 72 and 96 hours after the second in-

jection. Jackson (1981) found that mean p1-asma carotene was inversely

correl-ated wíth the number of days on the carotene-depleting dÍet and

the number of servíces per conceptíon. An evaLuation of the endocrine

and ovarÍan changes in these cows reveal-ed that cows with l-ower serum

ß-carotene values showed cyclic írregularítíes and an apparent depressíon

of progesterone and estradíol production (Jackson et al. 1981). LH

and FSH did not appear to be affected by the B-carotene status of the

cor,/s. Despite the posítive indícaËíons ín support of a role for ß-caro-

tene ín bovine reproductíon, Jackson and hís associates acknowledged

that the small number of anímal-s used Ín their study precluded reaching

defíníte concl-usions. Ducker et al. (1984), :using a larger number of

Friesian heífers (l-60), fed a ration based on corn sílage to sÈudy the

effect of ß-carotene on fertílity. Beta-carotene suppl-emenÈatíon (300

mg/head/day) did not improve J.íve weight gain and neither did ít improve

reproducÈ1ve performance when compared Èo control heífers receíving only

vitamin A. However, wíthin the carotene-supplemenËed heífers, there was

a significant negatíve correlaÈíon beÈween serum ß-carotene concentratlon

at first AI and Ëhe number of days fron that tÍme to establ-ished preg-

nancy.

Results of other controLl-ed studies conducted mostJ-y with Hol-steins,

at North American research centers have shown either inconsístenÈ or no
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positive effects of carotene supplementatÍon on bovine reproduction. A

study wíth 32 Jersey and Holstein cows showed that 7 of Èhe 9 cases of

cystic ovarles díagnosed occurred Ín Ëhe carotene-supplemented cows

(Bremel et al. L982). Servíces per conception üIere not different between

Èhe control and supplemenÈed groups. Studfes involving Holsteín heífers

dívíded ínto a l-ow-carotene control and a carotene-supplemented group

(300 ng/head/day) for test períods of 6 to 8 weeks have been reported by

trIang et a1. (1982) and l,rlang and Larson (1983). Estrus was synchronized

with prostaglandin (PGF2') injectíon at the end of the test periods. Tn

three tría1s, onset of estrus after PGF2a injectíon occurred earlíer ín

the control heifers then in the caroLene-supplemented group (r.{ang et al.

L9B2). The ínÈervals from PGFro injectíon to preovulatory LH peak and

Èo ovulation were also shorter in the control- heífers. No signíficant

differences were found emong ËreatmenÈs in the number of heifers that

expressed heat, Ëhe serum progesterone concentration or the conceptíon

rates (!n 2 trials, concepÈíon rate tended to be higher with carotene

supplementatíon) ín any of the tríals. Estrual activity (measured as

mounts observed per heífer) was noÈ ínfluenced by carotene supplemen-

tatíon (I^Iang and Larson 1983). In another study wíth cows, ß-caroLene

suppl-enentatíon had no effect on ínÈerval- to uteríne ínvolution, in-

tervals to fírst ovulatíon and observed estrus postparÈum, íncídence of

cystic follícles, peak serum progesterone level, conception rate to fírst

service and days open (Larson et al. l-983). Similar fíndíngs of no síg-

níficant differences between carotene-supplemented and control Holstein

cows for interval to first heat, interval to fírst service, days open

and services per conception \¡rere reported by Bindas et al. (1983).
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The Lack of signfffcant inprovement in the overaLl fertllity of

HolsÈein cows wíÈh caïotene supplementation has also been reported by

Akordor et al. (i.984). They observed a signíficant (P<.05) effect of

ß-carotene supplementatÍon on servíces per conceptíon but no effect on

days open, intervals Èo uterine invol-utíon and fÍrst breeding and con-

eeption rate. Carotene suppJ-ementation al-so díd not Ímprove the Ínterval

from calving to first estrus and servíces per conceptíon in beef heifers

(Greenberg et al. 1984).

Effect of Beta-carotene on Production, Health and Some MeËabolíc Param-
eters ín Dairy Cattle

There ís little lnformatíon on the effect of ß-carotene on nil-k yÍel-d.

LoÈtharmer (1979a) reporÈed that, ín comparison to carotene-supplemented

co\,rs, nilk fat productíon in carotene-deficíent covrs Ì"ras sígnif icantly

depressed, especial-ly at peak lactaÈion. In other studÍes, feedíng sup-

plemental ß-caroËene had no effect on milk yield (Akordor et al. 1984) '
buÈ serum ß-caroËene concentraÈion was negaiíveiy correiaÈe.í (r = -.441

P<.02) r¿íth solids-corrected nilk yield (Larson et al. 1983).

Calves born to carotene-defíclent cows showed a higher íncídence of

diarrhea and a higher mortaliËy rate in the fÍrsÈ week of lífe than the

cal-ves of carotene-supplemented cows (Lottharmner et al. 1978). This r¿as

probably due to dlfferences in colostrum composition of the dams since

the col-ostrum (and subsequently Èhe rnilk) of carotene-deficient cows

showed lower levels of ß-carotene and vítamin A than that of Èhe carotene-

supplemented cows. Furthermore, Ëhe calves of the caroÈene-supplemented

group had, after their fírst meal, higher inmunogLobul-in l-evels than
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cal-ves of the defícient group.

Beta-carotene deficlency also had effects on certain parameters of

metabolism and organíc functions ín lactating cows. Serum gl-utamíc

oxaloacetic transamínase (GOT) activity in carotene-defícient cows ín-

creased after calving and stayed aÈ levels sfgnÍficantly higher than those

of the supplemented group (Lotthammer 1978). The GOT values of carotene-

deficienÈ cows with pregnancy abnormalities nrere even greater. Thís was

interpreted as belng due to greater stress on the liver as a result of

deficíency of carotene. There was also a hígher serum thyroxíne level

Ín the carotene-deficíent. co\^/s. However, serum thyroxÍne IeveIs in caro-

tene-deficíent cows with abnormal- pregnancy were l-ower than those wíth

normal pregnancy.

Chew et al. (L982) have suggested a possíble link between the se-

verity of mastítis ín llolstein cows and 1ow levels of serum ß-carotene.

They observed ÈhaË cows with lower plasma ß-carotene, vitamin A and

total vitamin A equivalent had higher Ca1Ífornia Mastítís Test scores

than cou¡s with higher plasma g-caroÈene and vitamin A.

Suggested Beta-carotene Requirement for Bovine Reproductíon

The exact ß-carotene requirements for optímum reproduction ín cattle

have not been established. Ho¡,¡ever, based solely on the German experí-

ments r¿ith the BLack Pied breed, a blood ß-carotene classífícatíon system

has been adopted to define a baseline above whlch ß-carotene status may

be considered satÍsfactory. According to this classification (Friesecke

I97B), blood ß-carotene values between 0 to 100 ug/100 m1 are considered

deficíent; 100 to 200 ís crítfcal-; 200 to 300 is suspect; and values above
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300 ue/1-00 ml are consÍdered sufficient.

In the experience of the German researchers, young cattle require a

dail-y intake of about, 100 ng ß-carotene to aintaín sufficient serum

leve1s of ß-caroËene (Lotthauner 1979b). Daíry cows require a daíly in-

take of about 200 mg during the dry period and for maintenance. During

lactatíon, co\¡rs require a further 20 mg of ß-carotene per lÍtre of rnilk

produced. Accordfng to Lotthammer (.L979b), a slighÈ deficit in ß-caro-

tene intake can apparently be partly corupensated for by more effícíent

absorptíon. NeverÈheless, Èhe suggested minírnum daÍly Íntake for lac-

Ëating cows ís 300 urg per head.
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GENER¿,L MATERTALS AND METHODS

Serum Beta-carotene and Vitanin A Analysís

ExÈraction and Chromatoeraphv Procedures

Beta-carotene and vÍtamín A were extracted by vortexíng 1.0 nl of

serum and 2.0 rnl cyclohexane in the presence of 2.0 ml ethanol and l-.0

rnl distilled waÈer. After a 1 mÍnute extractÍon, the extraction tubes

I4rere centrífuged for 10 mínutes at 500xg to achieve a cl-ear separaÈion

of the llquid phases. Then 1.5 ml of the upper cycl-ohexane phase con-

Ëaining the carotenoids and vÍtamin A r¿as chromaËographed on a deacti-

vated 41.0. column to separate the türo compounds. The carotenoíds were
¿J

fírst eluted from Èhe column wíth 2 to 2.5 nl of peÈroleum ether" The

column was eluteá r "".ood tíme wíth 6 rnl of a solvent míxture (85 parts

petroleum ether:15 parts ether: v/v) to recover vl-tamin A.

BeËa-carotene Determination

Beta-carotene \,ras determined using the procedures described by

Brubacher and Vuíl-leumíer (1980). The eluate conÈaining the caroÈenoids

r¡as dried in a 40oC water-bath under a stream of nítrogen gas. The

residue was díssolved ín 1.5 ml- cyclohexane and transferred ínto a 1 cm

semi-micro cuveÈte (1.5 mL capacíty). Absorbance r^7as read at 450 nM on

a Gílford Spectrophotometer 2400 (Gilford Instrument LaboraÈories Inc.,

Ohio), agaínst a cyclohexane blank. Beta-carotene concentration was

calculated using a value of 2500 as the absorbance at 450 nM of a 1%

soluÈion of B-carotene ín cyclohexane in a 1 cm cuvette.
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VíÈamin A Deternínation

Serum vitaroÍn A concenÈratÍon was determÍned using a modifícatíon

of the trifluoroacetíc acid (TFA) reagent nethod descríbed by Neel-d and

Pearson (1963). The eluate containing viÈamÍn A was dried in a 40oC

waÈer-bath under a stream of nitrogen gas. Overdrying of the samples

was carefully avoided. The resÍdue hras dÍssolved ín 0.5 ml of chloroform

and 0.3 nl hras transferred into a 1 cm cuvetÈe (3.5 ml capacity). After

adding 2 drops of aceÈ1c anhydríde, Ëhe cuvetÈe was placed on a Gílford

Spectrophotometer 2400 set at 620 nM agaínst a TFA reagent blank (1 vol

TFA:2 vols chloroform). Then 3.0 ml- of TFA reagent was rapidly added

to the mixture and Èhe absorbance $ras read 30 secs later. VÍtanrín A

concentration was extrapolated from a standard curve prepared usíng 0.1-,

0.3, 0.6, 0.9 and 1.5 ug/mt solutions of vitamín A acetaÈe.

Recovery of Beta-carotene and Vitamin A After Extraction and
Chromatography

To determine the efficiency of extractíon and recovery after chroma-

tography, known anounts of ß-carotene and vitamin A r¿ere analysed ín

duplicate as described above. Recoveries after extracLion and chroma-

tography for 6.0, 8.5 and 9.0 ug of added ß-carotene averaged IO2!3.77..

RecoverÍes after extracÈíon alone and after extractíon and chromatography

for 0.3, 0.6, 1.5, 3.0 and 6.0 Ug of added vitamln A acetate averaged

94.3t3.2% and 90.I!2.47", respectively.

Single determínations of ß-carotene and vítamin A were made for the

experimental samples due to the large number (862) of samples analysed.

To evaluate intra- and inter-assay varÍation for the S-carotene and
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vítamín A determínations, 6 replicate determínations per assay run on a

pool serum sample were done on 3 occasíons (begínning, níddLe and end)

during the anal"ysis period. The íntra- and inter-assay coeffÍcients of

variation for a mean ß-carotene concentraËion of 354.6t2.8 ug/tOO mt

were 4.5% and 3.97", respectíve1y. For a mean vítamin A concentratíon

of 31.81.9 Ug/l-00 ml-, the inËra- and ínter-assay coefficíents of vari-

ation r¿ere 7.5% and L4.57", respectively.

Beta-caroÈene Analvsís Ín Forages

The analysís was done accordíng to the standard caroËene assay

merhod f or feedsruf f s (A.o.A.c. L980) .

Drv Forases (Hav and Alfalfa Pell-ets)

The carotenoíds were extracted exhaustíve1y overníght from about

2 g of fínely ground samples in a brown flask using 30 ml- of an acetone-

L-----^ 
-J--&---^ 

/a.1. --l--\ mL^ ^--+--Ã+ r,ñ^ l^^^*+^l +1'*^,,^l' -1 ^-- '.'^^1

in the stem of a funnel Ínto a fLask and díluted to 1OO rn1 wÍth hexane.

The pigment in Èhe total extract was separated by chromatography

on a coLumn of a 1:1 mixture (w/w) of acÈívated magnesia (Sea Sorb 43,

Físher) and diatomaceous earth (Hyflo Super-cell). The column l{as eluted

wíth a míxtuúe of,acetone and hexane (t:9, v/v) to recover all the yellow

carotenoids in the eluate ínto a flask in a 40oC water-baËh. After

al-lowing the eluaËe t,o cool to room temperaËure, ít was díluted to 100 nl

r,rith a míxture of acetone and hexane (J-:9, v/v). The absorbance of the

carotene solutíon was deÈermined on a Bausch and Lomb Spectroníc 20

cal-orímeter (Bausch and Lomb Inc., Rochester, NY) at a vravelength of
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435 nM. The concentration of caroÈene (expressed as ß-carotene) ¡,vas

extrapolated from a calibration curve prepared usíng 100, 200r 300 and

400 ug pure ß-carotene per 1-00 ml acetone-hexane (1:9, v/v) solutíon.

Fresh Pasture and Silages

The carotenoÍds vrere extracted by blendíng 2 to 5 g fínel-y cut and/

or ground samples with 40 m1- acetone, 60 m1 hexane and 0.1 g MgCO, for

5 minutes. The extract was decanted Ëhrough glass wool ín a J-arge funnel

Ínto a 500 mI separatory funnel contaíning 100 nl of Ìvater. AfÈer washíng

the resÍdue Èwice wíth acetone ínËo the separatory funnel, the total

míxture was shaken for 1 minute, allowed to settle and the lower aqueous

layer was run off. The organic layer was washed 5 more times with 100

rnl portions of r¡raËer. The organíc layer was Èhen transferred into a

volumetric flask containíng 9 nl acetone and diluted to l-00 ml with

hexane. Chromatography of the extract and the determínatíon of absorbance

qn¿l R-narnl-onô ^^ñ^ôñl-rql-ínn r.tre re ¡loqnrilraá nlrnrre fnr tho drv fnr¡ooq
eÀ¡e P ¡v-ÉÞvs r

Mílk Proeesterone Assav

A non-extraction radÍoirnmunoassay (RIA) procedure essentíall-y simil-ar

Èo that descríbed by Heap et al. (l-973) was used for the determínatíon

of progesterone concentratíon in rnilk. The nilk samples were fÍrst

mÍxed well and diluted lO-fold with 0.05 M sodíum phosphate buffer

solutÍon (PBS, pH 7.0). The assay procedure ínvolved pipetting 0.5 rn1

of standard progesterone soluËÍons (0, 25, 50, 100, 200, 400 and 800 pg/

tube) or 0.5 m1 PBS p1-us 0.1 rnl of the diluted milk sampl-es ínto duplí-

cate tubes. AlíquoËs (0.1 rnl) of a díluted milk (10-fo1d) taken from
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a non-cycl-ing, non-pregnant cohr that had no detectabl-e progesterone r^ras

added to al-l- the standard tubes. Then 0.1 nl of an approprÍately diluted

progesterone antÍserurn (/l1l--9 /4/80 obÈained from N.C. RawLings, Dept. of

Vet. Physíology, Univ. of Saskatchewan) and 0.1 url- of [1,2-3ttl proges-

terone (=10,000 cpm) was added to all Èubes and incubated overnight at

40C. The fol-Lowing day, the bound progesterone rías separated by pre-

cipitatÍng the free progesÈerone r¡fth 0.5 nl- charcoal suspensíon in PBS,

follor¡ed by a 10 minute incubation at 4oC and centrifugation at 80Oxg

for 10 minuÈes. The supernatant containíng the anÈíbody-bound proges-

terone was decanÈed into pI-astic vials contaínÍng 4 rn1 sclntllLation

fluid and counted. The concentratíon of progesterone Ín Èhe mílk samples

extrapolated from the standard curve.
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EXPERIMENT 1

Seasonal Variation in Serum Beta-caroËene and vítamin A and

theír AssocíaËion r,¡Íth Postpartum Reproductive Performance

of HolsÈein Cor¿s

Cattle, particularly range cattle, exhi-bít. a marked seasonal vari-

ation ín bl-ood and míl-k concentratíon of ß-carotene and vitamin A whích

reflecÈs fluctuations in dietary intake of carotene (Marsh and Swíngle

1960; Kirchgessner et aL. L967). Beta-carotene levels usually peak

duríng the summer months when animals have access to pasture. Duríng

the ¡vinter months rphen the anímal-s are fed stored forage and other 1ow-

carotene dÍets, the mílk and blood levels of ß-carotene tend to drop

dras tícally .

In Canada, some daíry herds are confined year-round and are thus

total-ly dependenË on stored forage. Under such condítions, animals not

ra^airri^- a-n"¿L' ô^^,1 ñ"ô1i +-' l'orr o-'l ?.a-r1oñô arô l iLalrz +n lrorro rla-
6¡¿ óvvu yss¡4LJ ¿¡sJ q¿rs J Lv ¿¿svu uu

ficient (<100 uC/100 m1) levels of blood carotene. In a survey of eight

herds ín OntarÍo and Quebec, Harvey and Smíth (1979) reported that serum

ß-carotene leve1s r{ere lon (<300 ug/100 ml) in fíve of the herds. Ttre

animals ín these herds were fed prírnaríly corn síl-age and graín raLions

wíth no more than 4.5 kg of hay per cor¡/ per day.

In Ëemperate regions, seasonal variat.íon in reproductive perfor-

mance of cattle has been reported (Ortavant et a1. 1964; Boyd"L977; DeKruÍf

1978). For exarnple, spríng-cal-ving beef and dairy cows have been re-

ported to have a longer ínterval- from calving to fírst ovulatíon than

autumn calvers (Bulman and Lamrning L978; King and Hurník 1980; Peters
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and Riley l-982b). Holtman (1979) reported that the 60 to 90-day non-

return rates for a number of Quebec dairy herds bred by AI during a

lO-year period showed marked seasonal fluctuations. The non-return rates

were l-or¿ ín the r¿ínter months but Ímproved gradual-ly duríng spríng and

sumrner reachíng a peak in September and October.

Thibbault et al-. (l-966) have suggested that photoperiod might be ín-

volved in the seasonalíty of reproductive actÍvfty of the cow and PeËers

and RÍley (1982b) have demonstrated a negatíve correl-ation between photo-

períod durÍng late pregnancy and the onset of postpartum ovarían cycles.

However, most r¿orkers suggest that nutritional mânagement ís largely re-

sponsible for the seasonal variatlon in cow fertilíty. I,thíle energy and

probably proteín supply may be Èhe major nutritíonal factors that are

ínvolved, ß-carotene intake rníght also be important since the seasonal-

variation in bl-ood carotene appears to colncide wíth the fl-uctuations in

bovíne fertÍlíty.

Konnerman (Lg67) oríginally noted a correlation between conception

rate ín cor,¡s and B-carotene ínÈake based on a statistical survey. Sub-

sequent controll-ed studíes led to Ëhe suggestíon that ß-carotene has a

specÍfic role lndependenÈ of vitarnín A ín bovíne reproductíon (Lotthaumer

L979b). Numerous triaLs conducÈed in Europe (Friesecke L979; Cooke and

Comben L978; Jackson 1981; Bosenbiante et al. 1983) and North Ameríca

(Olentine L982) have generally províded evídence in support of thÍs

hypothesis. In contrast, other workers have observed ínconsisËent,

margínal andfor no benefícía1 effects of ß-carotene suppS-ementation on

bovine reproduction (FoJ-rnan et al. L979; BremeL et al-. 1982; Ïtrang et a1.

L982; Larson et al-. l-983; Ducker et al. 1984).
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Thís experiment was inÍtiated as a prelininary survey with the

foJ-lowing objectives ín mind:

1) To determine the levels of serum ß-carotene and vítamin A in

winter-housed cor¿s that received adequate amounts of good qualíty forage

ín winter and had access to pasture ín summer.

2) To determfne if the postparLum reproductive performance of

these cor.¡s elas ínfluenced by mean serum carotene concentrations duríng

Èhe prepartum to early posÈpartum períod.

Materíals and Methods

AnÍma1s

Sixteen Holstein-Friesian cows from the Universíty of Manítoha claÍ"ry

herd r¿ere studÍed from October 1980 to Septeurber l-981. The co\^rs r^rere

sel-ected such that half of Ëhem calved betr¡een January and Apri1, Group

1 and the other half betr¿een July and October, Group 2. The mean ages of

the cows were 3.9 (2-6) and 4.0 (2-7) years for groups 1 and 2, respec-

tively. RaËions adequate in all nutríenÈs aceordfng to NRC (1978)

standards were fed. Grain was fed (based on urilk yíeld) prior to both

morning and afËernoon míl-kÍngs whíle sílage and hay were fed (free choíce)

beÈween míLkings and at night. trrlater was available at all times.

The cor¿s were housed in a stanchion barn and kept Índoors Èhrough-

out the winÈer. In suÍnner, the warm days of spríng and fal-1 the mí1kíng

col¡Is r¡rere all-owed outsíde to graze pasture betr+een 08:00 and l-3:30 hours.

The dry cor{s qrere usually left on pasture during thís períod and theír

díets vrere supplemented wíÈh sil-age if necessary.
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Serum Beta-carotene and Vitamín A Concentratíon

Bl-ood sanples for serum ß-carotene and vitamin A analysfs were taken

by a puncture of the coccygeal veÍnfartery from all coúrs aÈ two week

intervals throughout the experimental period. The sampl-es were kept

overníght in the dark at 4oC, cenÈrifuged and the serum stored at -2OoC

until anaLysed. Monthly serum pools lrere prepared for each cow and ana-

lysed for ß-carotene and vítanin A accordíng to procedures described pre-

víously ln the general- materÍals and methods section.

Forage BeEa-carotene Concentratíon

Conserved forages (hay, sílages, haylage, alfalfa pel-l-ets) fed during

the experirnental- period rirere sampled at weekly inÈervals. The silage and

haylage samples were sÈored f.rozen whiLe the hay and al-fal-fa pellets

r,fere stored at 4oC in the dark. Monthly composíÈes vreïe prepared from

these samples for ß-carotene analysis. During the grazíng season, pasÈure

was sampled once a month from the fíe1d the cor¿s were grazíng at the tirne

and analysed on the sane day for ß-carotene concentration. The analysís

for ß-carotene in the various forage sampJ-es was carried out, according to

Ëhe procedures described previously.

Mí1k Progesterone and InÈerval Lo First Ovulation (lO)

ComposíÈe mil-k samples (from all- four teats of the udder) for pro-

gesterone anaJ-ysis rrere taken every other day frour each cow fronr day 7 to

40 postpartum. The samples r¡rere preserved wfÈh potassÍum dichronate

(l- tablet/sample) and stored at 4oC until analysed, which was usually

within one week of samplÍng. The assay procedure for milk progesterone
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was descrÍbed ín the generaL materials and methods section. The intra-

and inter-assay coeffíclents of varÍaÈíon for a pool-ed mi1-k sanple were

L1.6 and L2.9% respectÍvel-y (n = 22 assays).

The postpartum progesterone profiles obtained from the mílk analysís

for each corÀr rüas used to estinate the interval to ffrst postpartum ovu-

latlon. Ovulation vras presumed to have occurred rrrhen mílk progesterone

concentraÈfon increased progressÍveJ-y from levels lower than 1 ng/ml to

l-evels greaËer than 5 ng/rnl- within a períod of l-0 consecutive days.

OvulaËíon was usuall-y confírned by rectal palpaÈíon for a CL on the

ovary.

Ovarían and Uterine Condition

Each cow was pa1-pated tr^7ice a week to evaluate uÈeríne ínvol-utíon

and to check the ovaríes for the confirmation of ovulatíon. The ínÈerval

to full uteríne involutíon r^7as estimated based on Èhe palpatÍons. Artí-

f.í^-'^1 i*^^*{-^+-i^-- "a"^11" 1-^^-- o+ +Lr^ f ir-+ ôô+rirê oFl'ae ,7a¡t l^(l ñôêt--llulaMroElull¡4Llv¡to uùuerrJ vuÉ,qr¡ sL vv l,vv L

partum.

S taÈis Èícs

The íntra- and inter-assay coefficients of variatíon r¿ere calculated

according to the method of Rodbard (l-971).

The experÍmental daÈa were analysed using computer programs out-

lined ín the StatÍsÈícal Analysís Systens (SAS) Userrs Guide (L982 Ed.).

A General Linear Model (GLM) procedure was used for the analysis of the

reproduetion data. A split-plot anal-ysís wíth season of cai-vÍng as maln

plot and month as subplot rrras used for the serum ß-carotene and vÍtamfn

A data. Mean differences for all parameters rrrere tested by the Student
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Newman Keul (SNK) test (Snedecor and Cochran L967).

To determíne the correlation between serum and reproductÍve param-

eters, a period extending from 1 nonth prepartum to 2 months postpartum

(calvíng períod) was defined for each cow and the mean serum ß-carotene

and vítamin A concentratlons durlng thís period were used ín the compu-

tation. The correlatlon coeffícients for aJ-J- parameters were adjusted

for month andfor season of calving effects

Results

Forage BeËa-carotene Concentrati-on

The concentration of $-carotene in the various forages fed through-

out the experimental period is presented in Tabl-e l-. Different types of

good qualíty hay frorn different sources were fed throughout the experi-

ment. As a resulÈ, the concentrations of ß-carotene ín hay were generally

hígh but there was consíderable monthly variation ranglng from 23.3 to

62.7 ne/kg DM.

The corn sí1age fed was from a batch freshly ensíled one week be-

fore the trÍa1 began. A severe frost two weeks príor to harvestíng

the corn had kí1led the plants resulting l-n very low inítial ß-carotene

concentratjon (6.9 ng/kg Dt"t) in Èhe silage whích deteriorated with time

ín storage resul-tíng Ín non-detectable $-carotene by the third month of

the trial. Corn silage vras noÈ available from May to September.

Fababean sÍlage was fed from November to March. Unltke corn silage,

fababean sí1age had a high concentration of ß-carotene (35.4 to 42.5 ne/ke

DM) whÍch decreased only slíghtly wíth storage. Rye silage, fed in May



37

Tabl-e 1. Mean* concentration of 8-carotene (mg/kg Ol"f) ln the forages
fed to anlmals throughouÈ the experímental períod

Type of forage

Month
Corn

silage
Fababean

sí1age
Grass

haylage
Alfalfa
pel-1etsHay

Rye
silage Pasture

Oct. 1980

Nov. 1980

Dec. 1980

Jan. 1981

Feb. 19Bl-

Mar. 1981

Apr. 1981

May 19Bl

June l-98t

Jul-y 1981

Aug. 19Bl

Sep t . 1981

49.5

38. L

s0.7

33. 3

62.7

31.9

48 .0

35 .1

45.0

44.L

26.9

23.3

42.5

39.s

3s.4

37.4

36.9

9

6

6

1

ND

ND

ND

ND

ND

4B.s

44.4 r02 .5

228.L

101.5

113. 3

72.231-.1

33.4 50.6

ND - Not detectable.

* - Mean of duplícate determinatíons.
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and June, al-so had hígh levels of ß-carotene (48.5 and 44.4 ng/kg DM,

respectívely).

Pasture whích was grazed from June to September contained the highest

concenÈratíons of ß-carotene (101.5 to 228.L ng/kg DM) compared to all

other forages. The greatest carotene concentratíons ín pasture \^rere

seen in July.

Grass haylage and alfalfa pell-ets \,üere fed in August and SepÈember.

Although the $-carotene concentratíons ín grass haylage were relatíveLy

high (31.1 and 33.4 ng/kg DM), they were much lower than the g-carorene

levels ín pasture from whlch the haylage Ìrras prepared. Alfalfa pel1-ets

fed during August and September had ß-carotene concenËrations of. 72.2

and 50.6 mg/kg DM, respecÈívely.

Serum Beta-carotene and VíÈarnin A

As shorn¡n in Table 2, there r'/as a wide varíatíon ín the serum con-

centratiôn of ß-carotene and vitamin A thror:shor:t the exoerímentnl oer iod---- ---r f -----

and al-so during the caLvíng perlod. Thfs wíde range of ß-carotene and

vítamin A concentrations represent both indívidual animal- differences

and monthly variatíons which appeared to reflect the dífferences ín the

levels of carotene ín the forages fed at different times of the experi-

mental períod.

Mean monthly serum S-carotene concentrations fluctuated betr,¡een

239.5113.8 and 339t1-9.3 ug/l-00 ml- from October to May when the maín sources

of caroÈene nere hay and the sílages (FÍgure 1). However, none of the

monthly dífferences duríng this period were sígnlficant. Serum ß-carotene

concentratíon rose sígnifíeantly (P<.01) to over 600 ug/100 ml ín June
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Item

Table 2. Overai-L surtnary of serum ß-carotene and vitamin A data

Entire
experimental period Calving period

Number of cows

Number of
observaËíons

ß-carotene conc. *
(ug/loo n1)

ViËamin A conc. *
(uglroo rnr)

t_6

L92

L6

L6

108.8-1194 .4

20 .0-80 .0

l-56 . 3-883. 2

29 .6-57 .5

*Range of values.
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and July when pasture became available to the cows. Although pasture

concentration of carotene ln July r.ras more than double that fn June, the

serum ß-carotene concentrations during those two months rüere not síg-

nificantly (P<.05) dífferent. Mean serum ß-carotene concentrations in

August and September (450 .2t40.4 and 447.6!62.6 ug/tOO ml, respectively)

r¿ere noÈ sígnifícantl-y (P>.05) dífferent from each other. However, both

levels were sígnificantly (P<.05) Lower than the l-eveLs in June and July

and hígher than those from October to May.

Mean serum víÈamin A Ievel was sígnífÍcantly (P<.05) higher ín June

(52.7!2.8 ug/too mr) than ín July (46.4!2.5 uel100 mr) (Figure 2) aL-

though serum ß-carotene coricenÈratíon was slightly lower (P>.05) in June

than ín July (Figure 1). The serum vítamin A concenÈratíons ín both

months were signifícantly (?<.05) hígher than the vl-tamin A concentrations

ín all the oÈher months. The mean serum vitamín A concentrations in Èhose

other months fluctuated between 31.4!2.4 and 40.3!2.2 yg/L00 ml wíth the

differences among months beíng generally non-sígníficant. The only

exceptions hlere differences (p..OS) between November (40.3t2.2 Ug/100 url-)

and March (32.2!I.7 ve/tOO rul) and April (3I.4!2.4 ug/fOO mf).

Mean serum ß-carotene concentratíon for Èhe entíre experímenÈal

perÍod r^ras not sígníflcantJ-y dÍfferent between group I (381.7!25.6 ug/fOO

ml) and group 2 (370.8!25.6 ug/f0O nt) corÀrs (Tab1-e 3). However, durÍng

the cal-ving perÍod, mean serum ß-carotene concentration was sÍgnífícantly

(P<.01-) hígher for group 2 cows (4ll .5t46.5 ue/fOO ml) cornpared to group

l- cows (229.3!46.5 ue/l-00 ml). There r{ere no sígnlfÍcant (P>.05) dífferences

ín mean serum vítamln A levels between the Èwo groups of cows for both the

enÈire experlmental- períod and the calving períod. There were sígnÍficant



cd
d

60
1
å'orl
è+o
-1
<30
z.

ä. zo
t--
;
=lo=É.
ttJ
U>

cd

'm 'æ
DEC
,æ

JAI'I FEB

'81 'gL
MAR

'81 '81
IV1AY

'81

d

a*

JUN

'81

cd

APRNOVocT JUL

'81
SEPT

'81

AUG

'81

I\¡ONTH

Figure 2. Mean (tsE) monthly serum vitamin A concentration for 16 HolsËein co\¡rs.

*Means with dífferent superscripts are significantly dífferent (p<.05).

5.
l..J



43

Tabl-e 3. Mean (tSE) serum ß-carotene and vitamin A concentrations for the
entíre experÍmental- period and during Èhe calving períod for the
trlTo groups of cows

Cow groups

Serum parameter

Group 1 Group 2

January-Apríl calvfng July-October calvíng

ß-carotene:

a) EnÈíre expt. period

b) Calving períod

Vítamln A:

a) EntÍre expt. period

b) Calving períod

- ucl100 ml ------

¿:t381.7

229.3

(25.6>

(46.s)

38.4 (2.4) d

32.s (2.Ðe

370.8 (25 .Oa

477.8 (46.s)c

38.2 (2.4) d

36.7 (2.5)e

b

*Means r¡íthin a rorrT havíng different superscripts are signífícantly
different, P<.01.
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and posltíve correlatíons betr¿een serum ß-carotene and vitamÍn A concen-

tratÍons for the two periods (Tabl-e 4).

oductíve Performance

A wide range of values (tabl-e 5) were obtained for the reproductive

parameters, especially the inÈerval to first servíce (IFS) and days open

(DO). The missíng data for interval- to fÍrst ovulati-on (IO) represent

two co\.rs from group 1 and one cor¡r from group 2 that did not ovul_ate

withín the first 40 days posÈparËum. ïn all three co\4rs, milk progesterone

level remained lower than 1 nB/ml throughout the 40-day early postpartum

period. Another co$r ín group 1 was not rebred because of a management

decísíon. Conceptiôn rate for all the cows was generally poor; con-

ceptíon rates afrer 1, 2 and 3 inseminations beíng 33.3%, 607" and 66.77",

respec tively .

The mean IO and servÍces/conceptíon (SC) did not díffer signíficantly

between the Ëwo groups of cows (Tabie 5). However Ëhe intervai Ëo

uteríne involutíon (IUI) and IFS were significantly (P<.05) l-onger ín the

group 1 cows compared to group 2 cows. Mean DO was also longer in group

1 co¡¿s (20L.0!32.2) compared Ëo group 2 cows (109.3130.1) with the dif-

ference between the two groups approachíng signifícance (P = .058). One

cow in group 1, wíth a prevíous record of belng dífficult to get preg-

nant, had an exceptÍonall-y long DO of 385 days.

Serum ß-carotene concentration had a negative but 1or¿ correlatlon

wíth IO, IUI, SC and DO; and a positive but 1ow correlatÍon with IFS

(Table 6). None of the correlation coeffícíent vaLues were signifícant (P>.05).



4s

Table 4. PartÍal- correl,ation between the serum B-carotene and vítamín A
parameters

Parameters
*ParÈial correlatíon

coeffÍcient
Level of

significance

Entire period:

g-carotene and vitamin A 0.34 .0001

Calving period:

ß-carotene and vitamín A 0.67 .02

*Partíal or resídual correlatíon with the effects of month, season of
calving and cow removed.
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Table 5. Means tSE and range of the postpartum reproductÍve parameters
for the tvro groups of cows

Group 1 Group 2

ParameËer Jan.-April calving July-Oct. calvíng
0vera11

range

Interval to ovulatÍon
(days)

Interval to uteríne
involutíon (weeks)

Services /concep tíon

Interval to first
service (days)

Days open

¿*
25 .6!2.44 15-33 (tg) *ri22.7!2.6

6 . 3È.4

2.9!.8

4.Lt.4c

2.g!.7d

(16)

(1s)

b

d

3-9

]_-7

129 .1-r15 . 5e 76.4!L4.5

2oL.O!32.2e 109.3t30.ls

f 47-243 (Ls)

47-385 (Ls)

*Row means wíth different superscrípts are sígnificantl-y different
(P..os).

**Numbers ín parenthesis índícate the number of observation for 16
anímal-s.
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Table 6. Partíal- correlation coefficÍenËs for serum ß-carotene concen-
tratíon during the cal-víng period and Èhe reproductive
parameters

Reproductive
parameter

ß-carotene
concentration

S tatis tlcal
sígnificance

Interval- to ovulatíon

InÈerval to uteríne
involuËion

Services /conception

-0.15*

-0 .01

-0.24

NS

NS

NS

NS

NS

Interval to fírst
service 0.20

Days open -0.L2

*Correlatlon coefficíent based on 12 observations and adjusted for the
effect of season of ca'lr¡ínp=

NS = non-signiffcant (P>.05)
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PresenÈed in Table 7 ate the parÈial correlation coefficients between

serum vitarnÍn A concentratÍon during the calving period and the repro-

ductive parameters. The correlatíons hTere negatíve and non-signífícant

(P>.05) for IUI and SC, and posÍtive and non-significant for IO, IFS

and DO.

Discussfon

The values obtained for the concentratíon of ß-carotene in the for-

ages fed ín this tríal fe1l r¿íthin the range of values for such forages

published by the National- Academy of ScÍences (1-971). The literature re-

lating to the Levels of earotene ín forages and the l-osses that occur

during conservatíon of fresh forages into hay, haylage and sílage and al-so

duríng storage of conserved forages, has been exËensively revíewed

(Fríesecke 1964; Aítken and Hankin 1-970; Thompson L975). The considerable

variation in ß-carotene levels found Ín hays fed ín this trial ís sup-

ported by the w'íde varintion ín ß-carotene concentratÍon ín hay reported

in the literature. The variation fn the Ievel of carotene in hay may be

due primaríly to large Losses (50-90iá) that occur during the process of

hay-nakíng depending upon the methods used, the r¿eather and the tíme re-

quíred to cure (Fríesecke L964). Therefore, although hay ís usually a

good source of ß-carotene it may also be an unrelíable source. The varí-

ation ín the ß-carotene content of the hays used in the present trial

probably reflect both the inittal carotene content of the plant materials

and the condítions under which they were made sínce they r¿ere obÈained

from different sources.

The high levels of ß-caroÈene in the fababean and rye silages and

Èhe smal-l losses that occurred with storage indícate that these sílages

can be a good source of ß-carotene. Sílage tends to refl-ect the inítial
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Partial- correlaÈion coefficients for serum vÍtamín A concen-
tration duríng the calvÍ'ng perí'od and the reproducÈion
parameÈers

Reproductive
paramefer

Vitamin A
concentratíon

S ta tís tical
sieníficance

Interval to ovulation

InËerval to uterine
involut.ion

0 . l-9't

-0.09

NS

NS

NS

NS

NS

Servíces /concep tion -0,2L

Interval Ëo first
service 0 .36

Days open 0 .09

*Correlation coefficient based on 12 observatíons and adjusted for the
effect of season of calving.

NS = non-sígnífÍcant (P>.05).



50

carotene content of the plant material much better than hay does sÍnce

losses ín well-preserved sí1age appear to be much smal-ler (Fríesecke L978).

Lotthammer (L979b)has índicated that many green fodder sl_lages may have

suffícient carotene concentratÍon and thus requíre no supplementaÈíon. In

the present Èrial, corn si1-age had a low initial carotene content whích

deÈeriorated rapídly to undetectabl-e level-s of the third nonth of storage.

This observation Ís supported by indlcations ín the literature that corn

síl-age ís generally a very poor source of carotene initially, and that

rapid deterioration duríng sÈorage makes ít even poorer (Friesecke 1978).

One possíble reason for the very l-or¿ carotene content of the corn silage

fed in the present trial míght be the exposure of the corn plants to

frost prior to ensÍlíng. Phipps (1978) has indícated thaË carotene con-

tent of corn forage decreased markedly when the crop \¡ras exposed to frost.

The fact Èhat the highest concentraÈíons of carotene \¡rere found ín

pasture is supported by the general opinion ín the líterature that good

pasiu-re is the besË and mosi reiiabie source of B-carotene for cattle. The

exËremely large ß-caroËene value for pasture in July conpared to the other

months probably reflects differences in the condítion of the pasture being

grazed at the tíme of sampling. Unlike the other months, the July pas-

ture sample was taken on a day the cor¿s had been transferred onto a nevr

fresh paddock. The substantially l-ower levels of B-carotene in grass

haylage compared to the pasture from whích it, was derived may be due

largely to losses during the process of makíng the haylage.

The cows obtafned their suppl-y of ß-carotene al-most exclusíve1y from

the forages fed since concentrate rations contaín practícally no carotene

and no supplemental ß-carotene was fed. ThÍs explains why the monthly
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variation in mean serum concentratÍon of ß-carotene and to a lesser extent

vltamin A appeared to paral1e1 differences in ß-carotene concenÈratíon of

the forages fed at different tímes during the tríal. The combinatlon of

hay and siJ-ages fed from October to May succeeded ín maintainíng mean

serum ß-carotene concenÈration at levers (300 ug/100 rn1 or hÍgher) con-

sÍdered Èo be sufficÍent b'y Friesecke (L978). Durfng thís period a few

of the cows had serum ß-carotene levels wiÈhín the suspect to critical

range buË these \,rere not sustaíned for a long time.

The high supply of ß-carotene from pasture in June and July was

responsíble for the slgnifícant increase in serum B-carotene duríng these

two months. However, the fact that dífferences ín mean serum ß-carotene

concentratíon between the two months !Ías not sÍgnÍficanË despite an ap-

parent doubling of carotene suppl-y from pasture in July, míght be eví<lence

ín support of the earlÍer suggestion Èhat the pasÈure carotene value for

July reflected the conditlon of the pasÈure at the tirne of sampling. On

the nthar h¡nrl môâñ eêrrln R-¡¡rnl-ana l arral a tra*a oi a-í €; ^^-+1" 1^..^* -i*, *vsÀ. r¿raLetru¿J rvws! frr

August and September compared to June although the pasture carotene levels

in the three months T¡rere comparable and hígh-carotene grass haylage and

alfalfa pelJ-ets were also fed ín August and Septernber. Thís appears to

suggest a possible irnpairment of carotene absorption at high ß-carotene

intakes, as indicaÈed previously by Bauernfeind et al. (1981). Further-

more, the sígníficantly lower serum víÈamin A levels ín July compared

to June despite slíghtly higher ß-carotene levels ín July appear to con-

fírm prevÍous reports Èhat the effícl-ency of ß-carotene conversion to

vítamin A is markedly decreased at hígh carotene íntakes (Myers et a1.

1959; Grifo et al. 1960).
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The group 2 cor¿s that had a sígnificantly shorter IUI and IFS and

a shorter Do Èhat approached signífícance, calved during a períod when

mean serum ß-caroËene (but not viËamín A) level was signíficantly higher.

However the low partíal correlatÍons between serum ß-caroÈene and vitamín

A concenËration durlng the calvíng period and al-l the reproductive param-

eters suggest a l-ack of any signifícant fndependent effects of ß-carotene

and viÈamin A on the reproductive performance of the covys. ReproductÍve

performance may be ínfl-uenced by several factors, wÍth confounding effects,

t¿hich make Ít díffícult to determÍne the relative importance of each

facÈor. Since serum $-carotene and vítamín A levels throughout the tría1

were generall-y adequate, these Èwo factors \¡rere probabl-y not liníting Èo

the extent as to adversely affect reproductfve perfornance. Seasonal

effects unrelated to nutrÍÈlon may largely account for the dífferences

between the two groups of cows for IUI, IFS and DO. As suggested by

PeÈers and Ríley (1982b) phoËoperiod is one such seasonal factor whích

may play a roie in the seasonaLiÈy of reproductÍve actÍvity of cor¿s in

temperate regions. Tn the presenÈ tría1 however, l-ights in the barn were

on a time clock such that coh/s receíved 16 hours of 1-ight throughout the

year.

Sumnary and Conclusions

Feeding a combination of hay and sílages (some high in carotene)

ensured that adequaÈe levels of serum ß-carotene r^rere maíntained in covrs

duríng fal1, rnrÍnter and spring. There Íras a sharp rfse fn serum B-carotene

l-evels during the surnmer months ¡¿hen the coers \^rere on pasture. However,

there appeared Ëo be an impairment ín the absorption of ß-carotene and
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the effícíency of carotene conversion to vitamín A ín the cows at hígh

carotene fnÈakes.

The improvement in IUI, IFS and DO for cows that calved from July

to October r¿hen serum ß-carotene levels were hígher may be due largely

to a seasonal effect independent of serum ß-carotene levels. In the

present trial-, ß-carotene and vítamin A did not appear to be the llmÍtíng

factors in the reproductíve performance of the co$rs.

Hay was a good but varíable source of ß-carotene. The fababean and

rye sílages used in thÍs trial were relatívely high ín ß-carotene with

1ittle or none in the corn sílage.
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E)CPERIMENT IT

Reproductíve Performance of Holsteín Cows on Low or

HÍgh BeÈa-caroÈene Diets During EarJ-y Lactatíon.

Calving ínterval ís one of many factors that Ínfluence the produc-

tivíty of the dairy cow. The optimum cal-ving ínterval requÍred for maxi-

mum mílk yÍeld has been suggested to be 12 months (Louca and Legates

1968). To achieve such a calving Ínterval, the cow must be pregnant agaín

no later than 80 to 85 days postpartum. Therefore efficient reproductive

management duríng the early postpartum perÍod Ís essent.íal.

In the dairy cow, the crftíca1 early postpartum períod coíncídes with

a períod of íncreasing urí1-k production. Some workers have found an

association between high mílk yíeld and reduced fertí1ity (Carman 1955;

Marl-on and Gíer L968; Spaldíng et al. L975), whil-e oËhers suggest that

there ís no such relationship (Smtth and Legates L962; Bulman and Lammíng

1978). The adverse effects of hígh mílk yíeld on postpartum reproductíon

may be due, ín part, to ínadequate nutritíonal status during a períod of

hígh nutritional demand. High yieldíng cows ín early lactatíon are often

ín a state of negative energy bal-ance (Coppock et al. f974). Low energy

inÈake in pre- and postpartum cows is assocíated \,üíth an extended period

of anestrus (WÍltbank et al. L964; Dunn et al. L969; Oxenreíder and Wagner

L97I). Furthermore, positive relationshíps berween nutrítíonal status,

body weíght and body conditíon score and fertílíty in both daíry and beef

cows have been reported (Youdan and KLng L977; Kilkenny L979; Somerville

et al . 1979). AlÈhough energy deficíency ís probably the most importanÈ
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nutrÍtive factor thaÈ affects ferÈÍlÍty Èhe defícíency of other specífic

nutrienÈs, partícu1-arLy the vLÈamins and mfneral-s, have been shown to

adversely affect fertility Ín the cow (Zintzen L974).

LoËthammer et al. (1978) were the ffrst to report that ß-carotene

deficíency during the early postparÈum period ín the dairy cow had ad-

verse effects on reproducÈive performance. There had been earlier reports

of adverse effects of $-carotene deficÍency on Èhe fertílity of heífers

(Lottharmrer and Ahlswede L977.; Lottharnmer et al. L976; Schams et al . L977).

In the study by Lotthammer et al. (1978), the reproductíve performance of

Black Pied cows fed low-carotene dÍets wíth or wíthout ß-carotene supple-

menÈation (accordíng to nílk yiel-d) were compared. The trial extended

from 7 weeks prepartum to r¡eek 6 and 9 of the next gestation for the cows

wíth and wíthout B-carotene supplenentatíon, respectíve1y. The observed

adverse effects of S-carotene deficiency on postpartum reproductíon ín-

cluded delayed resumptíon of ovarian function and uterfne invoLutíon,

weak signs of estrus, cielayeci ovul-ation an<Í high incidences of early

embryonic death and abortÍon. Another aspect of this study indícated

that duríng J-actatíon, Èhe ß-carotene defícient cows had lower levels of

milk fat, especially at peak lactaËíon (Lottharnmer L979a).

Jackson (1981), in a rather l-ímited study, also observed that

B-carotene deficiency had adverse effects on the fertil-ity of Holsteín

cor4rs. In addÍtíon, Cher¿ et al. (l-982) recently reported that low l-evel-s

of vítarnín A and ß-carotene ín plasma htere assocLaÈed wiÈh the severíty

of mastítís ín cor¡rs. ContrarÍly, in other studies wíth a variety of

breeds, ß-carotene supplementation had marginal or no ímprovement on post-
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parÈum reproductíve performance (BonsembianËe et al. 1980; Bremel eÈ a1.

1982; Wang et al. L982; Bíndas et al-. L983; Akordor eÈ al-. 1984). Unlíke

the study by Lottharmer et aL. (1978), ß-carotene supplementation duríng

early lactation ín virtually al-l of the other studies were at a fíxed and

lower level. Al-so, the trial períods díd not cover the early postpartum

period in some of these studÍes.

In nany herds, the hfgh energy and protein requirements of the cow

during early lactation are met by feedíng hÍgh levels of concentraÈe and

corn sílage whích are low in ß-carotene. Therefore the effects of

ß-caroÈene defÍcÍency on reproductíve performance during this critícal

postpartum period needs to be cJ-early established. The present stucly in-

vestigated the effects of feeding low-carotene diets, in comparison to

htgh ß-carotene supplementation (based on rniLk yÍeld), from prepartum

through the early postpartun períod on varíous reproductíve, Þroductive

and health parameters of Holstein corn7s.

MaËerials and Methods

Aníma1s

Thirty-seven Holsteín-Friesian cows from Èhe Uníversity of Manitoba

daíry herd r¿ere studied frorn 4 weeks preparËum to L2 weeks postpartum.

They were housed ín a stanchíon barn and kept índoors throughout the

experímental períod.

Experfmental Design and Treatments

A 2x2x3 factorial arrangement ín a completely randomized desígn was

used, resultíng in L2 treatment combinatíons wíth 3 cows per treatment
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combinatíon except one whj.ch had 4 colô¡s. The cor^rs r,rrere assigned such

that the treatment cornbinatíons rùere reasonably balanced for cow age and

nÍlk yield potential (Þased on their preceding lactation). Ihe 3 factors

were:

1) BeËa-caroÈene treatment at 2 levels - the cows were fed either

a conËrol- supplement (Bl-) that supplÍed onLy vitamín A or a S-carotene

supplemenÈ (B2) that contaÍned on]-y B-carotene. The amounts of vítarnín

A or S-carotene suppl-ied t.o each cow varied ¡¿íth milk yíeld accordíng to

the protocol shor,rn in Table 8; and provided equal vitamfn A based on

400 IU vítamin A/ng ß-carotene.

2) A deworming (Anthelmíntíc) treatment at 2 l-evels - the cor¡rs re-

cefved eíther no treatment (Tl) or one ínjectíon (0.044 ml/ke body weíght)

of the drug Tramisol (Levarnisole) at parturÍtíon (.T2) .

3) Three experimenÈal rations r¡rere eurployed: a control ratíon (R1)

containing 9.7% corn, a ratíon contaíning 7.9% extruded canola seed in

place of corn (R2) or a ration contaíníng 7.9% whoLe seed canola ín place

of corn (R3). The íncl-usíon of canola seed ín rations R2 and R3 was

designed to increase the fat content of those ratÍons, with no change in

protein leveI.

During Èhe 4 weeks before parturítÍon, each cow receíved, ad llbíturn,

a basal ratíon of weathered low-carotene hay (<10 mg ß-carotene/kg nU)

plus about L kg/ð,ay of concenÈrate containing eíther the B1 ox B2 supple-

ment. The three experimental rations T^lere fed as complete feeds contain-

ing 62.8% concentrate, 17.67. weaLhered l-ow-carotene hay and L9.6% fababean

sílage (37.2 mg ß-carotene/kg DM, Ínítíally) duríng the lactation períod.

The Bi- or B2 supplements r{ere given as a top-dressíng during thÍs perfod.

The íngredient and nutrÍent composíÈíon of the experimental- ratíons

are shown in Table 9. The Net Energy for LacÈatíon (NEr) level was
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Tabl-e B. Dail-y supply of ß-carotene and vitamin A per cohT

B1 B2
MÍlk producÈíon

(L/dav\ Vítamín A (I .U. ) ß-carotenex (rne)

Dry cows

Lactatíng cor¡rs:

<20

20 to 29

30 to 39

>40

Vítamíns D and E

80 ,000

t_60,000

240,000

320,000

400,000

Sinilar for both treatments

200

400

600

800

1,000

Vitemin Tl - 6 Oôn T ll

Vitamin E - 2 I.U. for every 11000 I.U. of viÈamin A equivalent

JrSource = Rovimix ß-carotene IO7" (Roche) .
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Table 9. Ingredíent and nutrÍent composítion of Èhe experimental ratíons

Ineredíent or nutríen t couposítion

íents

BarIey

Corn

Canola meal

Canola seed (extruded)

Canola seed (whole)

Molasses

Urea (feed grade)

Trace mineral premix't

Salt (cobalt-íodÍzed)

Limestone

Phosphorus supplement
(btophos)

Hay

Fababean siJ-age

NutríenÈs (proxÍrnate analysis)

Crude protein (%)

NE, (Mcal/kg)

ca (%)

P (i¿)

R1 R2 R3
kg

360. s

97 .O

L25.6

]-5.7

5.0

4.s

3.0

9.2

7.5

L76

L96

4L9.5

85.3

79.O

15 .0

5.0

4.5

3.0

9.2

4r9.5

85 .3

79 .0

l_5 .0

5.0

4.5

3.0

9.2

7.5

L76

L96

L7 .56

1.76

0.83

0.67

7.5

L76

1,96

L7 .57

1 .61

0 .87

0.68

17 .56

!.76

0. B3

0.67

*Trace míneral premix suppl-ied per kg dieÈ: 0.43 g CuSO4, 0.28 gZnO,
O.2B g MnOr-HrO (Prince) and l-0 g MgO (Maggox) .
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sLightly hígher for R2 and R3 but all oÈher nutrients were vÍrtuaLly

símilar for the Ëhree rations.

The ß-carotêne treatment formed the basis of thís study. However,

the other treatments had to be superimposed on thís treatment to accom-

modaÈe oÈher research I^rith the líniÈed number of lactating cows that were

avaÍlabl-e.

Serum Beta-carotene and Vítamin A

Blood samples for ß-carotene and vítamín A anal-ysís were taken,'usíng

a vacutainer, from the coecygeal vein/artery from all cows at weekly in-

tervals. After overnight storage Ín the dark at 4oc, the blood sampl-es

I,rere centrífuged and the sera harvested qrere stored at -2Ooc until

analysed. Duríng the lactation períod, the ß-carotene and vítamin A

analyses were performed on bí-weekly serum pools. The analytical pro-

cedures for ß-carotene and vítamin A determínatíons r¡rere described ín
!L^ ^^-^-^1 -^!^--'-1- --J -^!L^l-Lr¡c Ëcttsr aL !ùa Le.¡- r¿rJ_Þ iltlu rue Ll¡uLls Èrcc Llull .

Mílk Proses terone Fat and Somatic Cell- Counts (SCC)

Composite milk samples for progesterone analysis were taken daíly

from all cows from parÈuritÍon to day 60 posÈparÈum and on day 21 post-

service. All samples Ìüere preserved wíth poËassium díchromate and stored

at 40C untíl analysed, whích was usually withín one ureek of sampling.

The assay procedure for the determinatÍon of milk progesterone was de-

scribed earlier ín the general materíals and methods section. The íntra-

and inÈer-assay coefficíents of varÍatlon for a pool-ed nilk sample were

5.L/" and L3.4"Á respectÍveJ-y (n = 22 assays). The postparËum mil-k pro-
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gesterone proflle generaÈed for each coÞr r^ras used to estinate the interval_

to first ovul-ation (IO). OvulatÍon r,ras presumed to have occurred when

nilk progesterone concentration increased progressively from levels lower

than l- nB/nl to levels Brearer than 5 ng/nl wíthin a pertod of 10 days.

The nilk progesterone data for the d.ay 2L post-servÍce samples were used

for pregnancy diagnosfs

For nílk fat (MF) analysis, weekly composíte sampl-es from the morning

and eveni¡rg nilkíngs T¡rere Èaken for each cow. The nilk fat analyses r^rere

done by infrared analysis on MíLko-Scan 203 (A.S.N. Foss El-ectric, Denurark)

at the Manítoba Agriculture Daíry Laboratory.

Composlte aseptic milk samples from aLL 4 quaïters of the udder were

taken at parturltion and every 4 weeks thereafter during the morning and

evening rnilkings to eval-uate urÍlk somaÈic cell counÈs as an index of sub-

clinÍcal mastítis. The morning and eveníng uríl-k samples for each cow

!üere comPosiÈed and SCC analysís was done wíth an electronic cel-l counter

(Somaton; Coulter Electronics).

Ovarian and Uterine Examínatíon . Breedíng and Pregnancy Díagnosís

I,Ieekly pal-patíons r^rere performed on each corìl to evaluate uterine

ínvolutíon and to check the general- condítíon of the reproductíve tract

and ovarÍes. First Postpartum ovulatíon was usual-ly confirmed by these

palpations.

Artíficfal inseminatíon of the cows began around day 60 postpaïtum.

Tvo ínsemínators r¿ere used for AI servíce, but the number of fírst servíces

by each insemína¿ion was reasonably balanced between control and carotene-

supplemenÈed cows: inseminator 1 performed 8 and 5 Ínsenínations; in-
seuinator 2 ð,íd 9 and 10 insemínatíons, respectívely.
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Other Data

Data r¿ere compiled for r¿eekl-y miJ-k yleld and fat-corrected ní1k.

Data were also coLlecËed for such health parameters as cystic ovarÍes,

metritís, retained p1-acenta, ut,erÍne ínfectíon, l-oss of fetus due to

abortion or early embryonic death and cl-inical rnastiËis. Críteria for

the diagnosis of health parameters r¡rere defíned as fol-lows: Cystic

ovaries - presence of enlarged foIlícular or luteal structures on the ovary

that persisted beyond the lengÈh of a normal- esËrous cycle; metritis -
severe inflan¡matíon of the uterus as detected by palpation and accompanied

by a pusy discharge; retained pLacenta - placenta membranes that remaíned

attached to the uÈerine wall beyond 48 hours post calvíng; clinical

nastitis - severe ínfl-armation of at least one quarÈer of the udder due

to infection thaÈ required antibiotíc tTeaËment.

S ta t,is tics

The intra- and inter-assay coefficients of variaÈion for milk pro-

gesterone were cal-culated according to the method of Rodbard (1971).

The experimenÈal data were analysed using the GLM and Analysís of

Variance (ANOVA) procedures outlíned ín SAS-82. Split-plot analyses r4rere

enployed for the data on serum ß-carotene and vítamin A; SCC; and the

rrílk production parameters. ReproducÈive parameters such as intervals

to ovulatíon and uterine involutíon, servÍces/conceptíon and days open

were analysed by facËorial analysís. Mean differences for all dependent

variables r4rere tesÈed by the SNK test (Snedecor and Cochran L967). Dif-

ferences in serum ß-carotene concentration over the trial period between

Èhe low-carotene and ß-carotene suppl-emented cows Ì^rere tested by T-test

(Snedecor and Cochran L967). Chí-square analysis (Snedecor and Cochran

L967) was used for the data on conception rate and the incidence of

disorders.
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Resul-ts

Serum Beta-carotene and Vitamin A

Serum concentraÈiion of ß-carotene qras sígnifíeantly (P<.01-) eLevated

by ß-carotene supplemenÈation. As shown fn Figure 3, the mean serum con-

centraÈion of ß-carotene was high inítíal-ly for both the l-ow-carotene (B1;

549.7!50.9 uglroo ml) and Èhe caroËene-supplemenred (82; 502.7!47.2 ve/too

m1) cows. Serum ß-carotene concentration declined sharply duríng the fírsË

4 weeks of the trial reachíng levéls of 1-90.2!22.6 ug/tOO ml- for 81 and

280.8!22.4 ue/roo ml for 82 cows by one week prior to calving (week -1).

Serum ß-carotene concentratíon in the B1 (control) cor¡rs remained 1ow,

between 100 and 200 \E/LOO ml, for the rest of the experimental perfod.

In contrast, serum ß-carotene concentratlon ín the B2 (supplernented) corÀ7s

increased steadiLy from r¡eek -1 to a mean peak level of 750.2!60.2 vg/too

m1 at the end of the trial. The dífferences in the concentration of serum

B-carotene beEween Èhe two groups of cows became sígnificant (P<.01) by

vreek -1 and rernained significanÈ throughout the rest of the trÍal period.

The raÈi.on an<i tramisoi Ëreatments <iiri not have significant (P>.05)

independent effects on serum ß-carotene concentration. However, there

rras a sÍgníficant (P<.05) ß-carotene x ratíon interaction whích is í1lus-

trated in Fígure 4. In the 81 cows, feeding the whole seed canola ratíon

(¡g) ln comparíson to the conÈrol rat,ion (nJ-) appeared to íncrease serum

carotene concentratíon, whÍle the extruded canola ration (n2) had no

effect. On the other hand, ín the 82 corss R2 was more effective than R3

in raising serum ß-carotene concentratÍon over the levels obtained on Rl.

Beta-carotene supplementation díd not affect (P>.05) serum v1Ëanin A

levels and neither did the ration nor tramísol Ëreatments. For the Bl

ar^d B2 cor¡rs, mean serum vitamin A did not change appreciably from the
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begínning of the trial to r¿eek 2 postpartuur (Figure 5). After week 2

postparÈum, serum vÍtamin A levels ín both groups of cows íncreased slowly

but sÈeadily throughout the rest of the trial períod.

Reproductive Perf ornance. Reproductíve Disorders and Mas ri ris

Interval to ffrst ovulatíon postpartum (IO) ranged from 7 to 40 days

(Table 10). The three mfssíng observations for IO r¿ere for three cows

(1 on control; 2 on ß-carotene suppl-ementation) thaÈ faíled to ovulate

during the 60-day postparÈum period when mílk samples were taken for pro-

gesterone analysi-s. The control cow had mÍlk progesterone values that

fluctuated between 1.9 and 6.5 ng/url wíth no cyclical pattern from day

15 to 60 postpartum and was diagnosed by palpation to have had a fo1-

lícular cyst. The other tr^ro co\.{s had l-ow milk progesterone values (.1

ng/ml) throughout the 60-day postpartum period. Interval to uteríne in-

volutíon (IUI), services/conception (SC) and days open (lO) ranged from

) to Q ¡^rpol¡c 1 f^ q o¡,1 A(1 +n 111 Ã-,,- Èí..^1,, 
^..^-^11 ^^-^^-&i^-, sqJ Ll vurJ . v vçrolr uutruEy Llult

rate to fÍrst service (CR) was rather lorr ( 3L.3%) but was ímproved con-

síderably af ter 2 (68,87!) and 3 (87.57") servíces. The missíng obser-

vaÈions for sc, cR and Do represent fl-ve cows (2 on control; 3 on B-caro-

Ëene suPplementation) that were culled for failing to conceive after five

or more ínseminatíons.

The mean IO was about 4 days longer ín the low-carotene cor¡rs com-

pared to those supplemented wíth ß-carotene but thís dífference was not

sígnifícant (P>.05) (Table 10). Mean IUI \¡/as appreciably longer (p =

.08) ín the 1ow-carotene co\¡rs (4.9t.3 weeks) compared to the ß-carotene

suppLemented cows (4.1t.4 weeks). The low-caroÈene cor¡rs also had a
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Table 10. Mean of reproductive parameters
supplemenEed cows

for control- and 8-carotene

Treatment

Reproductive
Darameter Control ß-carotene

0vera11 mean
or ranqe

Mean tSE

23.3!2.0 (l-A)* 19.2!2.2 (L6) 7-4O (34)
Interval- to ovulatíon

(days)

Interval to uterine
involutíon (r,¡eeks)

Services /conception

4.9510 . 3

2.4!.3

17 .6 (3/L7)

119.919.1 (17)

(le)

(17)

(18)

(ls)

4.L!0.4

1.91.3

2-9

1-5

( 37)

ß2)

Conception rate
first service

Days open

to
(7.) 46.7 (7 /t5)

108.s19.6 (1s)

31.3 (Zz¡

60-217 (32)

*Numbers ín parenthesís indícate the number of anÍmals.
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substantial-ly Lower conception rate to first ínseminaÈion (I7.67") Èhan

the ß-caroÈene supplemented cows (46.7i4) (X2 = 3.1; df = 1; P = .08).

Beta-carotene supplementation did not sígnifícant1-y Ímprove SC and D0,

although the l-.9 SC for the carotene-supplemented cows represented a

20.8% improvemenL over ttre 2.4 SC for Ëhe low-carotene colrs.

None of the ration treatments infl-uenced any of the reproducËive

païameters (rable 1-t). trIith respecÈ to the effect of tramisol treatment

on reproductive perforurance, IUI was somewhat l-onger (P = .08) in cows

noË treated r¿íth tramisol (5.0t.4 rveeks) compared to those treated wíËh

tramisol (4.11.3 weeks) (Table l-2). Tramisol treatment had no signifícant

effect on the other 4 reproductive parameters.

The incidence of cystfc ovaríes and clínical mastitís tended to be

higher in the low-carotene cornrs (3J-.6% in each case) than in the ß-caro-

tene supplemented cor¿s Qf .L7! ín each case) (TabLe 13). The incidences

of meËrítís (3 cases) and loss of fetus (2 by abortion and 1 early

ernbryoníc death) oecurred only in cows not supplemented wíth ß-carotene.

The cow presumed to have had the case of early ernbryonic death returned to

cyclicity after she had been confirned pregnant by both rnilk progesterone

diagnosis and palpation. The incidence of retal-ned placenta and uteríne

ínfection, as evídenced by a dirty pus discharge, ürere conparable in the

tlto groups of cows. Chi-square analysis showed no sígníficant differences

between the l-ow-carotene and ß-carotene supplemented cows for all the

above dísorders.

I,IiÈh Ëhe exceptíon of fetal 1oss, the incídence of the other dísorders

for cor,rs on Èhe three ration treatments (Table 14) did not differ signi-

fícantl-y (P>.05). All three cases of fetal loss occurred l-n cows on the
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Table 11. Mean of reproductíve parameÈers for cows on control, extruded
canol-a and whole seed canola rations

Ration treaËments

Reproductive
parameter Control Extruded canol-a

trrlhole seed
canol-a

Mean +SE

L9 .9!2.5 (12) * 24.2!2.6 (rr¡ 20 .I!2.6 (11)
InËerval- to ovul-atíon

(days)

Interval to uterÍne
involutÍon (weeks)

Servíces/concep Ëion

Conception rate Èo
first service (Z)

Days open

4 .7!0.4 (13)

2.1r0.3 (11)

LB.2 (2/rL)

110.2111.3(11)

4.4!0.4

2.5!0 .4

30.0 (3/10)

130.111r_.8(10)

(tz¡

( ro¡

(r2)

( 11)

4.5!0.4

1.910.3

36.4 (4/ rL)

104. Brll-.3(11)

*Numbers in parenthesis indicate number of anímals.
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Table 12. Mean of reproductive parameters for conÈroL and tramisol
treated co\"rs

Tramísol- treatments

Reproduc tive
DArAmefer Control .044 mI Tramisol/ke BI^I

Mean tSE

Interval to ovulation
(days)

Interval to uterine
ínvolution (weeks)

Servíces /concep tíon

ConceptÍon rate to
firsÈ service (%)

Days open

2L.6!2.0 (18)* 2L.L!2.2 (L6)

5 .010 .4

1.9r0.3

(18)

(14)

4.110. 3

2 .3r0.3

(le)

(18)

42.e (6/ 14)

103.1110.0 (14)

trt

123.518.8

(4 / t8)

(18)

*Numbers in parenthesis indicate number of animals.



Table 13. Effect of g-carotene treatment on
dÍsorders and cIínical_ mastitís

72

the íncídence of reproductive

ß-carotene treatments

Disorder Control ß-carotene suDplementation

Cystic ovary (%)

Metritis (/.)

Loss of fetus (%)

Uterine infection (pus
dÍscharge) ("/")

Retaíned placenta (%)

Clinical rnas titís ("/")

3r..6 (6/19)*

ls.B (3/19)

ls.B (3/L9)

2L.r (4/re)

s.3 (1/le)

31.6 (6/re)

LL.L (2/L8)

0 (0/18)

0 (0/18)

L6.7 (3/18)

7r.r Q/L9)

11.1 (2/18)

*Numbers in parenthesis indicate number of anÍmals.
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Table 14. Effect of raÈion treatment on the incídence of reproductive
disorders and clinical mastíÈís

Ratíon treatments

Disorder Control Extruded canola
tr{hole seed

canol-a

Cystic ovary (A)

Merríris ("Á>

Loss of fetus (%)

Uterine infectíon (Z)

Retained placenta (Z)

ClinicaL nas títís (7"\

30.8

7.7

23.L

30 .8

15 .3

23.L

(4/L3)x

(u13)

(3/13) a

(4/L3)

(2/L3)

13 /L3)

33.3

L6.7

0

L6.7

8.3

8.3

(4 / tz)

(2/t2)

(o /tz)b

(2/72)

(L/L2)

(L/L2)

o (o/12)

o (0/L2)

o (0/12)b

8.3 (r/L2)

o (0 /L2)

33.3 (4/L2)

*Numbers ín parenthesís indicate number of animals.

"'bRor values with different superscripts are significantly different
using chi-square (P<.05).
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control ration which was sÍgniffcantly (P<.05) higher than in the other

two ration Èreatments.

For Èhe tramisol-.treated (T2) and non-treated (T1) cows, there were

no signÍflcant differences for the incidence of any of the disorders,

although mastitls tended to be hígher for Tl than for T2 cows (Table 15).

Mtlk SCC as an Index of SubcLinlcal Mastitis

The milk SCC varied widely among anímals and also among sampling

periods r¿ithin animals. The SCC vaLues obtained ranged from 3xl-04 to

14x106 celLs/¡nL. In general, SCC was signÍficantly (P<.05) higher ín

the sanples taken at parturition compared to the s'ampJ-es at other periods.

There rrras a tendency for milk SCC to be Lor,rer tn the ß-carotene supple-

mented and tramis:ol- Ínjected cows compared to theír respective conÈrols

(Table 1-6). Ilowever, the observed differences among treatment groups

for all three factors were not sÍgnifícant (P>.05).

The nilk productÍon data forms a major part of another thesÍs, there-

fore it is not presented in extensive detaÍl here. Milk yield (MY), niLk

fat (.MF) and fat-corrected milk (FCM) tended to be hígher for the carotene-

supplemented cor¿s compared to ühe controls although the differences were

nor signÍficanr (P>.05) (Table 17).

As shor.¡n in Table 18, covrs on the extruded canola ratÍon (n2) had a

significantly (P<.05) hígher MY than those on the control ration (R1).

Milk yield of cor¡s on the whole seed canola ration (R3) did not díffer

signiflcantly from those on either Rl or R2. MF and FCM for the cows on

R2 and R3 tended to be higher but not signiflcantly dífferent from those

on Rl.

Milk Pl:oductíon
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Effect of Tramisol treatment on the íncídence of reproductíve
dísorders and clinical mastitÍs

Tramísol treatments

Disorder Control 0.044 ml Tramísol-/ke BW

Cystic ovary (%)

Merriris (7")

Loss of fetus (%)

UterÍne ínfection

Retained placenta

Clinícal mastítis

22.2

11.1

11.1

22.2

0

33. 3

(4/ß)x

(2/]-8)

(2/rB)

(4 /LB)

(o /18)

(6 / Le)

2L.I

5.3

s.3

15 .8

15.8

10. s

(4/Le)

(L/Le)

(L/Le)

(3/Le)

(3/Le)

(2 /1.e)

*Numbers in parenthesis indicate number of animals
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Table l-6. Effect of the Ëhree factors on mílk somatic cell counts
cell-s

Factor *Mean tSE somaÈíc ce1l count (x1000)

Beta-carotene:

Control- group:

B-carotene supplemented group:

Ration:

Control:

Extruded canola:

I,rrhole seed canola:

Tramisol:

Control:

Tramisol ínjecÈion:

64L.8!147.8

366 . l_r]_s1_ .8

392.0!L78.6

386 .21185 .9

7s4.4!L85.9

662.l-rls1_. B

36L.4!L47.8

*Mean of nilk SCC for 4 sampling periods.
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Tabl-e L7. Effect of ß-carotene treatment on níLk productíon

ß-carotene treatments

Production arameter

Milk yfeJ-d (kelday)

Mílk fat (kglday)

FCM (kelday)

Control- -carotene s lementatíon
tsE)

29.5311.8

0 .891.05

25.L9!r.4

27.96!L.7

0 . 84t .05

23.7 4!L.3

FCM=0.4M+15F
r¡here M = amount of urilk (kg)

F = amount of butterfat (kg).
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Table 18. Effect of raÈíon treatment on mllk produc tion

Ratfon treatments

Produc ËÍon Extruded
canola

hlhole seed
canolaarameter

Milk yield
(kelday)

Milk fat
(kelday)

FCM (kelday)

Control

25.22!2.L

0 .79!.06

2I.96!1".6

an tSE)

33.03!2.2

0.891.06

26.53!I.7

28.2!2.2

0.921.06

25 .06!L.7

¿lt b ab

*Row means wíth different superscripts are sígnificanËly different
(P<.05) .

FCM = 0.4 M + l-5 F
r¿here M = amoung of mílk (kg)

F = amount of butterfat (tg).



79

WÍth respect to the tramlsol- treaÈment, a1l three milk parameters

Èended to be hígher, Èhough not sígnífJ-cantly (P>.05), for the tramísol-

treated corÀ7s compared to theír control- counËerparts (fa¡te tg) .

Al-though ß-carotene suppl-ementatíon had no sígnificant independent

effects on the nílk production parameÈers, there was a sígnífícant (P<.05)

ß-carotene x ÈramÍsol x week interactfon for I'lfY ancl. hlghly sígnificant

(P<.01-) S-carotene x ration x week ínteractions for MF and FCM.

The ß-caroËene x tramísol x week fnteract.íon for MY, íllustrated in

Fígure 6, shows that for the cows not treated with tramisol, MY was

equal or margínally hÍgher in BL than ín 82 cows for all- r^reeks except

for weeks 1, 3 and 4. On the other hand, MY in all weeks \,{ere apprecíably

higher in B2 than Bl- cor^rs treated with tramísol. Therefore, the data

suggests synergistic effect between ß-caroËene supplementation and

tramísol treatment for higher mÍlk yiel-d.

Fígure 7 íllustrates the raÈher complex $-carotene x ration x week

interactíon for MF. In general, there were wide weekly fluctuatíons ín

all treatment groups for MF. For cows on ration Rl, MF was hÍgher ín

82 than Ín 81 cows for all r¿eeks except week 11. The differences in MF

between 82 and 81 cows on ration Rl tended to be larger aË the beginníng

of lactation, becomíng smaller as lactatíon progressed. For the cows

on raÈion R2, MF productíon decreased from L.07t.L kg/day ín week I to

0.74!.O7 kg/ð,ay in week 5 of lactatíon after which the mean MF l-evel-s

fluctuated between 0.841.1 and 0.73t.O7 kg/day. In contrast, MF ín 82

cows on ration R2 íncreased from 0.891.04 kg/day ín week I to a peak of

1.01-t.L ke/day in week 4, after whích l'fF level-s were hlgher ín 82 than

in Bl cows for the remainíng weeks of the tríal-. For cows on R3, there



80

Table 19. Effect of tramisol treatment on mÍlk produc tíon

Treatment

Productíon arameter

Milk yield (kelday)

Milk fat (ke/day)

FcM (kelday)

Control

26.50!L.7

0 . 84t .05

23.zL!L.3

.044 rul trami sol-/kg BI.i
Mean tSE

31 .0 7t]_. I

0.891.05

25.76!L.4

FCM=0.4M+15F
where M = amount of urilk (kg)

F = amount of butterfat (kg).
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was a decrease ín MF for 81 from 1.2!.Lkg/day in week 1 ro 0.B6t.rke/

day ln week 4, as opposed to an increase ín MF f.or 82 fron 0.84t.Lkg/

day to 1.011.L6 kg/day duríng the same perlod. From week 5 to week 12,

MF levels in 81 and 82 cows on ration R3 were generally comparable except

l-n week 9 when MF was lower ín 82 and ín week 12 r¿hen MF v¡as lower in

81.

The ß-carotene x ratÍon x week Ínteraction for FCM is illustrated

in Figure B. For cows on ratfon Rl, FCM was consístently higher ín 82

than in 81 cows duríng the 12 week l-actatíon period. The higher FCM

Ín 82 cor¡rs compared to 81 cows appeared Èo be even greater on ration R2,

especíally from week 5 onwards. In contrast to ratíons Rl and R2, FCM

\¡ras generally higher for 81 cows than for B2 cows on ration R3, par-

tícular1-y in the fÍrst two weeks of lactatíon.

DiscussÍon

As expected, S-carotene supplementation resulted ín sígníficantly

hígher serum S-carotene levels ín the supplemented cows. The shape of

the serum g-carotene profíles for the low-carotene and ß-carotene sup-

plemented covrs r¡ras sírnilar to those obtaíned by Lotthammer et al . (1978).

However, in Ëhe present trial, serum ß-carotene levels in the 1o\"r-carotene

coü/s ùIere hígher than the suggested defícíent level of less than 100 ug/

100 ml probably due to the high-carotene fababean sílage (37.2 mg ß-caro-

tene/kg DM inítial1-y) fed in the posÈpartum ratíons. The sígnificant

ß-carot,ene x ration ínÈeraction for serum ß-caroÈene concentration rnay be

ÍndÍcative of the effect of Ëhe higher fat levels in rations R2 and R3

(wíth the fat being more available in R2) due to the canola seeds in
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those ratíons. Increasíng the fat 1evel in dairy ratíons by the addttíon

of sunflower whole seeds protected by encapsulation has been shor¿n to

increase plasma B-carotene concentration in cows (Ashes et a1. l9g2).

Mean serum vitamÍn A leve1s did not differ betr+een control and caro-

tene-suPplemented cows, although the supplemented cor¡rs received no vitamin

A, because on a ratlo of 1 rng ß-carotene to 400 r.u. vitamin A, the 81

and 82 supplements \tere equal in vitamin A equívalent. The rise in serum

vitamÍn A as lacÈatlon progressed in both cow groups may be due to the

lncreased supplementatÍon of both vÍtarnin A and ß-carotene at hígher milk

production levels as lacÈation progressed. The viÈamin A allowances durÍng

lactation ín Èhe presìent tríal- were 1.3 ro 6.5 times the highest NRC (1978)

requirement. Vitarnin A supplementation $ras at a calculated l-evel to

counterbalance the amount fed as ß-carotene.

Although ß-carotene supplementation had some positive effects on IUI

and CR to fÍrst Ínserninatíon in the presenÈ tríal, the effects $¡ere not.

as pronounced as those reported by Lotthar¡ner et aL. (1978). The serum

ß-carotene status of the low-carotene group might be partly responsible for

the extremely low CR to first service Ín this group (L7.6i4). There also

appeared to be an insemínator effect on CR since one of the tr¿o ínsemi-

nators used for AI services obtained a higher CR to first service (36.87";

7 of L9) than the orher (23.L%; 3 of 13). However, since the nunber of

ffrsÈ servÍces by each inseminator r^reïe reasonably balanced for the control

and carotene-supplemented groups, the insemÍnator effect with respecL to the

difference bethleen the two groups for fírst servíce CR would be mínor.

Despíte the very high serum B-carotene levels in the carotene-supplemented

group, cR to fírst service in thÍs group (46.77.) was considerably lower
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than the average CR Èo first servíce by AI of. 66% obtained for Holsteíns

ín a survey invol-ving 2254 herds (Foote L97B). Evidently other factors,

lncluding perhaps stress due to the palpations during the present tríal,
contrÍbuted to the l-ow overall CR to fírst servíce which was l-mproved

substantíal-ly after 2 and 3 services. rn other studíes, cR to first
servíce ín carotene-supplemented cows have ranged from 38.12 (Larson et

al. 1983) ro 58.8% (Bonsembianre er al. 1980) "

The lack of a sígnífícant effect of g-carotene supplementation on

r0, sc and Do is supporred by sÍrnil-ar findings by Larson er al. (19g3)

and Bindas et al. (1983). rn additíon, B-carotene supplementation had

no effect on IUI and CR according to Larson et al. (1983). Bosembíante

et al. (1980) reported that ß-carotene supplementation ímproved CR to

first servÍce but had no effect on cor¡rs observed in heat and SC; while

Akordor eË al. (1984) observed an improvement in sc but not ín days to

first breeding, DO, IUI and CR to first service fo11owíng ß-carotene sup-

plementation to cov/s.

ConÈrary to the findings of Lotthanmer et al_. (1978) ß-carotene sup-

plementatíon did not sígnificantl-y affect the íncídence of cystic ovaries,

metritís, fetal loss, uÈerine infection and retained placenta ín thís

Èrial. The present findíng concerning cystíc ovaríes is supported by

other studíes which showed no effect of ß-caroÈene supplementatíon on

the incidence (Bremel et al. L982; Larson et al. 1983; Marcek er a1. 1985).

In spíte of the very high Level of g-carotene supplementation Ín the

present tríal, overall response ín postpartum reproducÈÍve performance of

the carotene-supplemenÈed co\¡/s over the control-s was margínal-. A pos-

síble explanaÈion for the inabilíty of carotene supplementatíon to sub-
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stantially ímprove reproductive performance night be thaÈ the g-carotene

status of the control- corlts, which was above deflcient level-s according to

current gufdel-ines, díd not adversel-y affect reproductive functíon. In

the study by Lotthammer et al-. (1978), poor postpartum fertil-fty in the

low-caroLene colss was associated r¿íth serum ß-carotene levels of less

than 50 Ug/tOO nrt. However ín a study wÍth cor^7s, serum ß-caroÈene con-

centrations of l-50-200 ¡rg1100 rnl-, simílar to the levels ín the low-

carotene cows of the presenÈ tríaL, ríere associated wíÈh reduced fer-

tilíÈy (Jackson 19Bl-); whereas serum g-carotene level-s as low as 30 ug/

100 nl in another study with heífers dÍd not influence reproducÈive per-

formance (Folman et al-, 1979). These fíndings, íncluding the present one,

suggest that the level- of B-carotene deficíency Èhat would adversely

affecÈ fertílity in the cow probabLy depends on the extent of the animalrs

predíspositíon to numerous oÈher detrímental factors which together cause

fertÍlíty dÍsturbances. Lottharmrer (1979b) has suggested that ß-carotene

deficíency may only enhance the effects of other cormon detrimental- fac-

tors so that ß-carotene supplementation alone is unlíkely to abolish the

fertil-íty problem. Alternatívely, if condítions are otherwíse optímal-,

ß-carotene defíciency alone, especial-ly for short perlods of time, may

be unlikely to cause serious fertíLity problems. Thts was probably the

situation ln Èhe present trial- since overal-l reproductíve performance \¡ras

generally good excepÈ for the low CR to fírst service which was markedly

improved afÈer the second ínsemínatíon.

Since the ratíon treatments had no independent effects on serum

ß-carotene status, ít was not surprisíng that they did not have fn-

dependent effects on the reproducÈive parameters as wel1. Símllar1y, the
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tramisol treatment which had no independent effect on serum ß-caroÈene

sËatus T¡ras not expected to and díd not ínfl-uence most of the reproductíve

Parameters. Therefore the somewhaÈ shorter IU for the cows treated with

tramisol cannot be explained. Studíes concerníng anÈheLminLic (dewormíng)

treatment in daíry cattle have not indicated any effects on reproductive

performance.

The fact that both raÈíon and tramisoJ- parameters had no slgnífícant

effects on the incídence of reproductive disorders provide addítional

evÍdence that those tvÍo factors díd not ínfluence the fertility of the

cor^Is. Although, the Èhree cases of fetal l-oss on ratÍon Rl was sígníficant

(P<.05) there ís no apparent connectíon betr¿een the ration treatments and

fetal loss.

Based on a study which revealed an assocíation beÈween the severity

of mastitís and l-or¿ levels of plasma vÍtamín A and ß-carotene in cows,

Chew et al. (1982) suggested that plasma g-carotene levels of l-ess than

200 vg/L00 ml may be indicative of defícíency in relation to udder health

in Holsteín cows. The authors hypothesized that a deficiency of vitamín A

and B-carotene may irnpaír the functíonal ÍntegrÍty of the epithelial liníng

of the mannary secretory systen leading to a successful fnvasíon and es-

tablishmenË of masËítis causatíve organísms. The serum ß-caroÈene 1eve1s

for the low-carotene co\ils in the present tríal- were within the deficíency

range for udder health suggested by chew et al. (1982), but the trend for

a higher incídence of clinícal mastitís in Èhese covrs råras not sígníficant.

However, mí1k scc,-as an índex of subclinical mastítís, tended to be

higher Ín the low-carotene cor¡rs.

The basis for the use of milk SCC as an Índex of subclinical masËítis

is that while about 607. of. the ce1ls ín urílk from a normal healthy
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marÍmary gland are epithelíal-, irritatÍon of the mammary gtand due to

ínfection may increase dramaticaLly the number of neutrophils , and ín

partícular the polymorphonucLear leucocytes to 90-95% of. the total cells

in urílk (schal-rn et al. 1971). The scc is therefore a sensítive in-
dícator of inflammatíon ín the manmary gland. A SCC threshold value of

500'000 cel1s /n1- of. fore rní1k sampled asceptícally from an índividual-

quarÈer at normal- mí1-kíng from cows in normal lactation ís accepted by

the rnÈernational Dairy FederaÈíon (rDF Bulletín, L97g) as an index of

non-specífic masËítis. However, sínce the predictabílíty of scc for

diagnosis of Íntra-manmary infectíon depends on the sensitivity and

specificíty of the scc and on preval-ence of ínfecÈíon (Martín rg77),

McDermott et al-. (1982) have suggesÈed that SCC threshol-d values should

vary betrÀ7een herds and be altered ¡¿íÈhin a herd as level- of mammary ín-

fection varíes.

If the 500'000 cells/ml SCC threshold val-ue r'¡ere applíed to the SCC

data in Table 16, the low-carotene co\¡rs, the cows on ration R3 and the

co!üs not treated with tramísol could be consídered to have had subclinícal

mastitis. There may be a physiological explanation, as proposed by chew

et al-. (1982), for the high rnil-k SCC val-ue ín the l-ow-caroËene co\¡/s; but

that expl-anation cannot be applíed Èo the hígh SCC values for the cows

on ratíon R3 or those noË treated wlth tramisol_.

AJ-though ß-carotene suppl-ementation and anthelmíntic treatrnent had

no independent effects on any of the milk producÈion parameters, inter-

action between the two treatments produced a synergístic effect on mílk

yíeld. In other studies, ß-carotene supplementatíon vras reported to

increase mil-k fat percent partícul-arly at peak lactatl-on (Lotthanrner
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I979a) but díd not ínfluence mllk yield (Akordor er al. 1984). Anrhel-

mintic admlnistratÍon to cLinical-ly normal dairy cows that have access

to pasture elicited a posltÍve response ín mÍlk yÍeld (Todd et al_. 1972;

Bliss and Todd L973, L974 and J976> which may be índícatÍve of subcl-inícal

parasfËism due to ínfection wlth Ínternal nematodes on pasture. Under

drylot housíng conditions, anthelminËíc treatment of cows faÍ1ed to elícít

a positive response in nilk yíeld probably because infectíon with para-

siËes was too 1or^7 to affect rnilk yÍeLd (Glenn et al. 1982). SÍnce the

cows in the present tríal had no access to pasture durÍng the tría1

períod, infectíon with parasites was probably Low and, therefore, anthel-

mintic treatmenË alone did noË improve milk yield.

The higher MY on ration R2 could be attributed to the higher energy

density of that ration due to the additíonal fat províded by the extruded

canola seed. Ratíon R3, whích was equal1-y hígh ín fat, vras unable to

improve miJ-k yíe1d probably because the protective coat of the whole seed

canola made the fat ín the seeds Less avaÍIable. Unpublished growth data

from a study rnrith daíry calves conducted at Èhe Uníversíty of Manitoba

(Sharma et a1. unpublished data) indícated a 1ow avaílabílity of fat from

whole canola seed.s. Beta-carotene supplementatíon and the high fat

ratÍons had no independent effects on MF and FCM, but the ß-carotene x

ratÍon x week ínteractlons for MF and FCM índicated that ín general a

combinatíon of ß-carotene supplementaÈion and ration R2 tended to be more

effectíve than a combínatÍon of R3 and ß-carotene supplementation ín

Ímproving MF and FCM as lactation progressed. This rnay be a reflectíon

of the ß-carotene x ratÍon interaction for serum ß-carotene concentratíon.
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Summary and Conclusíons

High levels of ß-carotene supplemenÈation Èo lactatíng Holstein cows

signífícantly increased serum ß-carotene concentratÍon. Serum vítamín A

levels in the control and carotene-supplemented co\¡rs \¡rere similar although

the latter group received no vitamín A. As a fat supplemenÈ in the dafry

ration' extruded canol-a seed was more effective than whole canol-a seed

ín Íncreasing serum ß-caroÈene concentratíon in Èhe carotene-supplemenËed

cows but not ín the low-carotene cov/s. AnthelmÍntic treatment had no

ínfluence on serum ß-carotene and vítamin A l-eveLs.

Beta-carotene supplementatÍon had some posítíve effects on IUI and

CR to fírst servíce buÈ did not ínfluence IO, SC and DO. The incidence

of cystÍc ovaries, rnetritís, fetál loss, uÈerine ínfectíon and. retaíned

placenta were al-so not affected by ß-carotene supplementation. The over-

all posítive response ín reproductive performance to the hígh ß-caroÈene

supplementaÈÍon was marginal probably because the effects of other detrí-

mental factors on reproduction were minímal-. The low carotene status

of the unsupplemented cows díd not seem to have a substantial. aclverse

affect on reproductive funcÈion.

There hras a tendency for ß-carotene supplementation and anthelmlntíc

treåtment to be assocíated with a lo¡¿er íncidence of clinícal mastitís.

Thís conclusíon r¡ras supported by somerrrhat lorr¡er mílk scc, an índex of

subclínícal mastitís, ín the ß-carotene supplemented and anthelrnintíc

treated cor¡rs .

InteractÍon beÈween ß-carotene suppJ-ementatÍon and anthelmíntic

treatment produced a synergistíc effect for hÍgher mflk yield. However
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neither treatment, had any independent effects on I'fy, MF and FCM. As a

fat supplement in the ration, extruded canola seed ímproved rnílk yíeld

buÈ whole canola seed dÍd not, probably because the fat was less avail-

able from the whol-e canola seed. A combínatíon of ß-carotene supple-

mentaÈlon and extruded canola seed as a fat suppJ-ement tended to be more

effective than a combinatíon of ß-carotene supplementation and whole

canola seed in improving MF and FCM as lactatÍon progressed.
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EXPERIMENT IIT

Reproductfve Performânce of Prepubertal Holstein Heífers on Low

or High Beta-carotene Diets

Varíations ín the age at which an animal attains puberty have been

attrÍbuted to both geneÈic and environmental factors (Grass et al. LgBz) .

Nutrition is a major environmental factor that affects sexual rnaturíÈy

(zíntzen L974). Heifers on a low plane of nutrítion (primarí1y eneïgy

and proteín) took longer to reach puberty than heifers on a high plane

of nutritíon (Menge et al-. 1960; short and Bellows 1971; Grass et a1.

L982).

The necessíty of víÈamin A for optínum reproduction has been es-

tablíshed for cattle as wel-l- as other specíes (Thompson L975). Hart and

Guilbert (1933) descríbed a number of reproductíve problems associated

w1Èh a lov¡ intake of vitaml-n A or íts precursor. Bulls fed vítamín A

defícient diets had delayed puberty and reduced libído and spermato-

genesís (Hodgson et al. 1946; Erb er al. Lg47) .

Recent studies ín Germany have ÍndÍcated that ín spite of adequate

vitamín A staÈus, B-carotene defíciency adversel-y affected reproductíve

perfornance in heífers (Lotthamner 1979b). Hor¿ever, other workers have

found no rel-atíonship between serum ß-carotene levels and reproductíve

performance in heífers (Folnan et al-. 1979; tr{ang et al. I9B2; Ducker et

al. L9B4). Folman et al-. (L979) reporÈed that aLthough mean daily gaín

was significantl-y (P<.02) hígher for ß-caroÈene supplemented Friesian

heifers compared to unsupplemented controls, âBê at fírst ovulation

(puberty) ¡"ras identícal for both groups. No other studíes involving
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heÍfers have specifícally examíned ß-caroËene effects on Èhe onset of

puberty. Furthermore, there ís litÈle information on reproductíve hor-

mone response, partícularly duríng prepuberty, to 1ow levels of serum

ß-carotene.

The objectives of this study were to determlne if ß-caroËene de-

ficiency adversel-y affected growth rate, onset of puberty and subsequent

reproductive performance of young Holsteín heífers. pre- and post-

pubertal- serum concentratfons of gonadotropic and steroíd hormones as-

sociated wfth reproduction were also determíned to evaluate their re-

sponse to ß-caroËene deficiency.

Materials and Methods

Anímal-s

Twenty 5-rnonth old Holsteín-Friesian heifers from the University of

Manitoba dairy herd were employed fn Èhis sÈudy. After a three week pre-

experímental períod during whích the heífers receíved a l-o¡u-carotene díeÈ

to reduce theír serum carotene levels, the heifers were assigned alter-
natívely to eíther a low-carotene control díet (81) or a ß-carotene sup-

plemented diet (82). The heífers v/ere on trial for approximately 10

monÈhs.

Heífers were weighed at the beginning of the trial-, at fÍrst observed

estrus (puberty) and at Ëhe end of every month for weíght gain assessment.

Heifers on the same díetary Èreatment rrere housed as a group in pens

located in the same barn Èhat housed the lactating herd. Helfers remained

índoors throughout the experímental period.
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Exoer imental Diets and Feedine

All heífers !ìIere fed ad líbítum, a low-carotene (<10 mg/kg DM) basal_

roughage of corn silage, old weathered hay and/oï stra\nr. rn addítíon

each heífer receÍved 2 to 2.5 kg of a concentrate dail_y that suppl_ied

2L,200 r.u. vítamin A or 105 mg g-carotene (RovÍmix 1oz, Roche) to the

BL and 82 heifers respectíve1y. The ingredient composítíon of the con-

centrates Ís presented ín Table 20.

Blood Samplíng and Handl ing

Blood for the anal_ysis of s,erum concentration of g-carotene, vítamín

A and reproductive hormones in each heifer hras 1nítía1ly obtaíned twíce

a week- via venípuncÊure of the jugular vein. BegÍnníng on the day of

first observed esËrus, the frequency of sampJ-ing was increased to every

second day through two esÈrous cycles. At the end of the second cycle,

sanplíng frequeney r¡ras returned to tr¿ice a week for the rest of the

experímental period.

For the determínation of ínterval from LH peak to ovulation, one

estrus in each heifer was selected for a 24-hour sampling regime at 2 hour

íntervals begínning shorÈly after the inítial signs of heat were observed.

At the end of t}:.e 24-hour períod, addítional samples \4rere taken at L2 to

24 hour íntervals until ovulaËÍon was confirned by palpation.

A1-1 samples úrere stored overnight Ín the dark aü 4oc, centrifuged

and the harvested serum stored at -zOoC untíl- anal-ysed.
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Table 20. Insredient conposítíon of the concentrate raÈÍons

Treatment

I edient

Barley

Oats

Fababean meal

Molasses

Límes tone

Trace-mín er aLízed s al t*

Phosphorous supplement (biophos)

Urea (feed grade)

Vítamin premíx I*¡k

Vitamin premix II*rk*

B1

637

100

200

20

1_0

10

10

B

5

(e
B2

637

100

200

20

10

1-0

10

I

5

*Trace-míneralÍzed salt supplied per kg concentrate: 9
.04 g Zn, .028 g T, .01-6 g Fe, .012 g Mn, .0033 g Cu a
.0004 g Co.

**Vitamin premix I supplied per kg concentrate:
A, 660 I.U. viramÍn D and 17 I.U. vÍtamín E.

***Vítarnin premix II supplied per kg concentrate:
660 I.U. viÈamín D and 17 I.U. vitamín E.

.7 g NaCl,

8480 I.U. vitamin

42 mg g-carotene,

nd
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Serum Beta-carotene and Vltamfn A Analysis

Beta-carotene and vítamin A analyses rrere done on weekly pooled sub-

samples for the fÍrsË sl-x weeks and then on 4 weekly pool-s for the rest

of the experímental perfod for each heífer. The anal-ytical procedures

for $-carotene and vÍtamÍn A determínatíons trere described previousJ-y in

the general materials and methods section.

Hormone Radioimmunoassavs (RIA)

The concentratÍons of serum reproductÍve hormones were determined

uslng RIA procedures previously described Ín detaíL (Connor 1-976) and

routinely used ln our laboratory. The assays were set up to ensure that

serum samples from an equal number of heifers from each treatment vrere

incLuded in each assay.

Es tradiol--17 (E)

The RIA procedure used for serum E was essentíalIy that of Yu et al.
(L974) buÈ without column chromaËography. A 2.0 nr al-íquot of serum

sample l¡üas extracted r¿íth ether and assayed using an estradío1-17ß antí-

serum (1176-22/7/ll¡, obtaíned from N.C. Rar¿ltngs (Department of Veterinary

Physiology, IICVM, Uníversl-ty of Saskatchewan). Thís antf-serum r¡ras re-
ported to have cross-reactivities of 5.67( wítln estrone; 0.35% with

estradío1-174 and <0.01% with progesterone, testosterone and corÈisol

(tt.C. Rawlings, personal co'nmunlcatíon). The sensíÈivity of the assay

defíned as 957" B/Bo (rh.re B is the total amounË of E trace bound to

antibody and B- ís the amount of E trace bound to antibody in the absence-o
of unlabelled horrnone) was l-.65 pg/nl. The mean exÈractÍon effíciency
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rrras 80.311.97' (n = 3 assays) and this value was used to correct all
determinations for procedural losses.

Due to ínsufficfent serum samples for some heifers, only single E

determinations were made for 5 heífers on each treatment. A pooLed

sample of heÍfer serum (essayed J-n dupltcate) was íncluded ln each

assay for intra- and l-nÈer-assay coefficl-ent of variaÈion determinatíons

whl-ch were 19.2% and L4.L7", respectivel-y (n = 3 assays).

Proges terone

serum progesÈerone concentration rsas determíned by the RrA pro-

cedure of Abraham et aL. (1971) as modified by YuthasasÈrakosol (1"975).

A 0.5 ml al-Íquot of serum I¡ras extracted with ether and assayed using

antiserum (#LL-g/4/80), obraíned fron N.c. Rawltngs (Depr. of ver.

Physíol-ogy, trICVM, Universíty of Saskatchewan) . Thís antiserum \^ras re-

ported to cross-react with cholesterol (0.4%), testosterone (0.04%)

estradío1-17ß (<0.0I7") and cortísol (<0.0L1() (N.c. Rawlíngs, personal

communicatton). The mean sensitivtty of the assay was 47.9 pg/nt. Mean

extractíon efficíency r¡ras 74.8!L.2% (n = I assays) and thís value was

used to correct al-l det.ermínatÍons for procedural losses.

Duplícate determínatíons were made on all samples colLected for all

heifers. A pooled sample of heífer serum (assayed in duplícaÈe) was

lncluded in each assay for inÈra- and ínÈer-assay coefficíents of varí-

ation determinations which were 4.4% and L6.B%, respectívely (n = 8

assays) .
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Lu teÍní zi Hormone

Serum LH concentratíon l^ras measured by the doubl-e antibody RIA pro-

cedure previously described by Hor¿land (L972) usíng anti-ovine LH serum

(ll7-L7/7/BL), obÈaíned from N.C. Rawlíngs (Depr. of VeL. physiology,

I^JCVM' University of Saskatchewan). The Èrace used was a purif ied ovíne

LH (NIH-LH-S2l) labelled tith 125t using a modíficatíon of the merhod of

Greenwood et al. (1963). LH values \{ere expressed as ng/rnl of NIH-LH-

s14 standard. The mean sensitívity of the assay was 0.26 ng/nr. The

use of an ovine LH standard for bovine LH determinatíons was justified by

the demonstratíon of parallelism beÈween the ovine standard curve and an

ínhíbition curve for seríal dil-utions of bovine serum (Figure 9).

DuplÍcate determinations were made on al-l samples collected from all

heifers from the beginníng of the trial- to the end of the first estrous

cycle; and on Ëhe 24-hour sampLes. Intra- and inter-assay coefficíents

of variatíon of L3.L7. and !9.I%, respectively (n = 4 assays) were obtained

usíng a pooled serum sample (assayed Ín duplÍcate) that r¿as included in

each assay.

Follícle SÈírnula ting Horurone (FSH)

Serum FSH was measured by the double-antíbody RIA procedure of Cheng

(1978). A rabbit anti-bovine FSH serum ¡¿as used at an initial dilution

of 1:60,000 ín phosphate-EDTA buffer contaÍning rabbít serum. A trace

of purified bFSH labelled titt 1251 
rnras used in the assay system. Anti-

rabbit gamma globulín serum was used to separate bound from free hormone.

FSH values úrere expressed as ng/ml of usDA-FSH-BP3 standard (28 x NrH-



roo

60
50
40

30

o)õ
oo
(î,

E)o:lo
'rc
C,t
fn

5
àe4

3

oLH Std

b Serum Pool

2

25 50 too t50 200

yl b. Serum/tube
?

.o2 .o5 .4 I

ng oLH,/Tube

2

(log scole)

4 8to 20 30 roo

Figure 9. Inhíbition curves obtained for serial dilutions of oLIl standard and bovine serum(pool) .

Fo



101

FSH-Sl-). The mean sensftivíty of the assay was 0.06 ng/nrl_.

Duplicate determinatíons r¿ere made on aLl sampl-es colLected from

all heífers from the beginning of the trial to Èhe end of the first

esÈrous cycle. Intra- and Ínter-assay coefficients of varíation of. 9.9%

and 4.4%, respectively (n = 3 assays) were obtaíned uslng a pool-ed serum

sample (assayed ín dupl-ícate) that was íncluded in each assay.

Eval-uatíon and Interpretatíon of Hormone Data

The serum progesterone profile generated for each heifer vras used to

determíne ovulaÈion dates and to estimate Ëhe length of the estrous

cycles. Ovulation was presumed to have occurred when serum progesterone

values exceeded 1 ng/r¡l for at least 3 consecutive samples (at a samplíng

frequency oÍ. 2x a week, thís corresponds to a luteal- phase of 8 to 14

days). Estímates of the amount of progesterone produced during the estrous

cycIe, for all cycles in which blood was sampled every second day, was

determÍned by calculatíng the area under the progesterone curve assumíng

a baseline of zero. An on-line computer progrrm that calculaÈes area

from a series of coordinates was used for Èhe area determinations.

The 24-hour LH daÈa was used to roughly estimate the ínterval from

LH peak to ovul-atlon defined as the tÍne interval from the híghest pre-

ovul-aÈory LH value to 8:00 AI'I on the day of ovulation as determined by

paLpation. The LH peak occurred before the 24-hour sampling began in

I heffers, but the descending l-ínb of the LH profile was obtained. From

the LII profll-es of 10 helfers ln which LH peaks were obtained, the mean

ínÈerval from LH peak to post-peak basal LH level- rrras estímated to be

6 hours. Using thís value, the intervaL to ovulation T¡ras extrapolated
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for the B heifers whose LH peaks were míssed. The LH profile in 2 other

heífers índÍcated Èhat they qreïe sampled at the wrong tfme.

All hormone data for each heifer from the beginning of the trial to

day 17 of the firsÈ estrous cycle r¡rere categorized based on changes in
progesterone concentration into six periods as folLows: beginníng to day

-223 day -21, to day -8; day -7 to day -l; day 0 (day of firsr ovularion);

day 1 to day I and day 9 to day 1-7. The mean hormone concenËrations for
each perÍod were computed and subjected to statlstical analysis.

Estrus Observation and In tensÍtv Ratíne

Three observations of 10 to 15 minute duratÍon for estrual actÍvlty
were made each day fn the mornÍng, at míd-day and in the evening. A

fourth observatÍon l¡ras made at night betÌ^reen 20:00 and 22:00 hours. The

nightly observatlons I^Iere terminated after the fírst estrus in a1l- heífers

had been detecÈed.

Each observed estrus rlas subjectively rated for íntensity or strength

on a scal-e of 1 to 4, based on criteria sirrilar to Ëhose descríbed by

Lotthanrmer et al . (L976): 1 = silent heat (no visibl_e sígns of estrus);

2 = weak heat (uroíst and turgid vulva; restless buË no mountíng actívity);
3 = strong heat (clear mucus discharge from vulva; restlessness; mountÍng

of herd mates; 4 = very strong heat (clear mucus díscharge from vulva;

restlessness; standing to be mounted by herd mates wíthout resfsÈance).

Palpation

In conjunctÍon with the 24-hour sampling regíme, each heífer was pal-

pated once a day until ovulation was confirmed.

The heifers were bred by A.I. at the end of the experimental períod.

They weighed in excess of 350 kg each at that time and were 15 to 16

months of age. The heifers were palpated betrveen day 45 and 55 post-

servlce for pregnancy díagnosÍs.
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S ta tis tíc s

The intra- and inter-assay coefficíents of varíatíon were calcu-

lated according to the merhod of Rodbard (1971).

The experimental daÈa were analysed using the GLM and ANovA pro-

cedures of SAS-82. The data on serum ß-carotene, vitamin A and ïepro_

ductive hormone concentratfons were analysed by split-p1ot analysÍs.

The reproductÍon data and the body weíght and average daíly gain data

were analysed by ANOVA. Mean dífferences for all depend.ent varíables

rÁrere tested by SNK (Snedecor and Cochran Lg67).

Results

Serum Beta-carotene and Vitamin A

Beta-carotene supplementation sígníficantly (P<.01) increased serum

ß-carotene concentration (Fígure 10). Mean serum ß-carotene levels ín the

controL heifers hTere generally Less than 50 Ug/tOO rn1 throughout the

experimental period. In contrasË, mean serum ß-caroËene concentration

in the carotene-supp1emented heífers increased sharply from about 40

uc/100 ml in week 1 to over 140 ug/100 rnl by week 5. Beyond week 5, mean

serum ß-carotene levels ín this group fluctuated between approximately

150 and 190 ue/100 ml excepÈ for a drop to about 130 ue/loo rn1 ín week

38. In general, Èhere hTas a large variatíon in serum ß-carotene con-

centration, particularly ín the ß-carotene suppJ_emented heifers.

To sirnplÍfy the analysis, and Ín view of the fact that changes ín

serum parameters foll-owing ß-carotene supplementation usually became

appârent wíÈhÍn 4 weeks, statistícal analysís of the serum ß-carotene
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and vitamin A parameters were performed on data for the first síx nreeks

only. For serun B-carotene concentratíon, mean differences between con-

trol- and caroÈene-suppJ-enented heifers became highly significant (P<.01)

by week 3 and undoubtedly remained signíffcant for the resL of the tría1

períod.

Mean serum vÍtamin A concentration was signífícantl-y hÍgher (P<.05)

in the carotene-supplemented heifers than in the control- heifers duríng

the fírst síx weeks of the tríal (Figure 11). Mean serum vitamín A

levels in the tr,ro groups of heifers r¡rere Ídentical ín weeks 10, 14 and

42. From weeks 18 to 34, serum vitamin A l-evel-s Èended to be higher in

B-caroËene supplemented heifers compared to control heífers.

Growth Rater Age and Body l^Ieight at Puberty

Mean body weíghts at the beginning of tríal were slmilar for conÈrol

(L52.6t5.7) and ß-carotene supplemented (L57.7t3,3 tg) heífers (Figure

L2). Mean monthly body weíghts during Èhe trÍal períod were usuarly

hígher (except for months 3-6) for the ß-carotene supplemented heífers.

At the end of the tríaI, overall average daíly gaÍ-n was significantly

(P<.05) hígher for carotene-suppl-emenred heifers (753.8117. L e/day)

compared to control heifers rc92.9!23.7 e/day).

BeÈa-carotene supplemenÈed heifers reached puberty (age at fírst

observed estrus) approximately 30 days earlier and at a mean body weight

approxímately 14 kg l-íghter than their control counterparts (Table 21).

However, the differences between control and carotene-suppl-emented heifers

for both age and body weight at puberty were not sígnÍfÍcant (p>.05).
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Table 21. Mean (tsE) age and body weight at puberty for control and
ß-carotene suÞplemented heífers

Treåtment

Parameter Control ß-caro tene

Age (days)

Body weight (ke)

32e .5 (L7 .9)

282.4 (13.0)

2e9.7 (r7 .e)

268.6 (13.0)
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Reproduct ive Performance

The number of ovulatíons prior to the fírst observed esÈrus (puberty;

OPP) based on serum progesterone profÍ1-es averaged 1.1-1.3 and I.2t.3 for
control and carotene-supplemented heifers respectívely and did not dÍffer
signífÍcanËl-y between the tr^ro (Table 22). The data further índícated

that estrus associated wíth fírst ovulation was detected in 302 (3 of 10)

of conÈrol heífers and 20% (2 of. 10) of carotene-suppl-emented heífers.
However, 40i( of conËrol heifers lnad 2 ovulatÍons príor to puberty whereas

only one (LO"Á) carotene-suppJ-emented heifer had more than one ovulatíon

prior to puberty. This particular heifer vras very aggressive most of the

tine makíng it dífficult to confírm her fírst estrus untíl afÈer 5 ovu-

lations.

Mean intensíty or strength of the behavíoural sígns of estrus was

signifícantly (P<.01) hieher in the carotene-supplernented heífers (3.85t

.1 rating) than in the conËrols (2.881.1 ratíng).

The ínterval from preovulatory LH peak to ovul-atíon based on pa1-

pation was signíficantl-y (.p..Of) longer Ín control heifers (44!3 hours)

compared to caroËene-supplemented heífers (3013 hours) by approxí-

mately 14 hours. However, servíces per conceptíon \^rere acceptable and not

signifícantly (P>.05) dífferent for conÈrol (1.4!.2) and carotene-supple-

mented (1.31.2) heifers. First service concepÈion rates were 707" and

80"/. for control and .carotene-supplenented heifers, ïespectÍveJ-y.

Beta-carotene supplementation díd not sígníficantly (P>.05) affect

the mean lengths of the fl-rst and second estrous cycles and the mean

1-ength of all subsequent cycles (Table 23). The cycl-e lengths ranged
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lable 22. Least square means (tSE) of reproductive performance parameteïs
for control and ß-carotene supplemented treffers

Treatment

Parameter Control ß-caroÈene supplementatíon

No. of ovulations príor
to puberËy

Intensíty of estrus

Interval frour LH peak
to ovulaÈion (hrs)

Servíces /concep tion

1.1 (.3)

2.88 (.1)

L.2 (.3)

30 (3) d

r.3 (.2>

¿* (.1)b3.8s

44 (3) c

r.4 (.2)

*Row means wíth dífferent superscrípts are significantly different
(P<0.01) .
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from 13 to 25 days and irrespectfve of treatment, Ëhe mean length of the

first cycl-e (1-8.2t.4 days) was sfgnificanrly (p<.01) shorter than the

mean lengths of the second cycle (20.11.4 days) and all subsequent cycles

(20.51.4 days).

ReproducËive Hormone Response

Serum progesterone profile príor to and followíng first ovulation

r¡ras síníl-ar in both controL and carotene-supplemented heifers. As shor^m

in Figure 1-3, mean serum progesterone levels during prepuberty ín both

heifer groups were less than 1 ng/mL up to about 6 days before first
ovulation. There ülas a transíent ríse in serum progesÈerone concentration

between day -6 and day -l- whích peaked aÈ a mean val-ue of 1.76!.4 nB/nl

for both heífer groups on day -4. Serum pïogesterone concentratíon de-

creased Ëo the typícal concentration of less than 1 ng/rnl on the day of

fírst ovulation then rose again to follow the typícal cyclíc profile.

The levels of serum progesterone duríng the first estrous cycle

appeared to be higher in the control heífers compared to the carotene-

supplemented heÍfers. However mean estímates of the âmounts of pro-

gesÈerone produced duríng the estrous cycle, calcu1-ated as area under

the cyclic progesterone curve (table 24), díd not differ sígnifícantly

(P>.05) beÈween control (68.3!4.1) and carotene-supplemented heifers

(6r.2t4.3>.

Mean serum progesterone concentratíon from prepuberty to day L7 of

the fírsÈ estrous cycl-e, dívided ínto síx períods as shown ln Table 24,

díd not differ signíficantly between treatmenÈ groups for a1L períods

except períod 6 (day g to L7 of the first cycLe). Mean serum progesterone



172

Table 23. Least square means (tSE) of estrous cycle lengths for control
and ß-carotene suppJ-emented heífers

Treatment

ï tem Control ß-carotene
Combíned

data

Fírst cycle (days)

(days)Second cycle

Mean of all
subsequent cycles
(days)

l-8.3

L9.9

( .6)

(.6)

( .6)

(.6)

Le.9 (.6)

l_8.1

20.3

21.0 (.6)

L8.2 (.4)

20.1 (.4)

20.5

¿rt

b

( 4)b

*Means in the same column wíth different superscripts are signtfícantly
different (P<.01) .
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Least square means (tsE) of serum progesterone (ng/nl_) from
prepuberty to day L7 oÍ the first cycl-e and area under the
progesÈerone profÍles for conÈrol and ß-caroËene supple-
mented heÍfers

Treatment

Sanpling Days before or after
1st ovul-aÈíon Control- ß-carotene

Comblned
dataDer iods

I Beginning of saurplfng
to -22

-21 to -8

-7 to -L

0 (]-st ovulation)

l-toB

9to]-7

Area under cyclíc
proges terone
proflle (arbítrary
uníts)

i/ cycles

68.3 (4.1) 6r.2 (4.s)

L4

(

2

3

4

5

6

.31

.39

1.06

.48

3.04

5.6

( .18)

( .18)

(. ra)

(.re)

( .18)

( .18) "

.39

.37

1. l_6

.48

3.L7

4.tt

( .18)

(.ra)

( .18)

( .18)

(.ra)
Ê

( .19)'

.35

.38

l-.11

.48

3. 11

5.16

( .13) a

( .13) a

(.13)b

( .13) a

13

( .13) d

)"

T4

a,b,crd
column means r¿íth dtfferent superscrípts are sígnifícantly
different (P<.05) .

Row means with different superscripts are sfgníficantly dífferent
(P<.01).
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concenËration duríng thís period was signíficantly (p..ot) hígher ín

control heifers (5.61.18 ng/ur1) than in carotene-supplemented heifers
(4.7L!.19 ng/nrl). Irrespective of treatment, there were significant
period differences. Serum progesterone concentratíon duríng the first
two periods of prepuberty average less than 1 ng/nl for each period and

did not differ from each other or from the mean serum progesËerone 1evel

on the day of first ovulatíon (combined data, Tabre 24). Duríng the

l-week period príor to fÍrsË ovulation (days -7 to -1) rnean serum pro-

gesterone 1evel was sígnificantly (P<.05) hígher than Èhe mean l-evels for
the Ëwo prevíous períods or the mean Level on the day of first ovulatíon.

During the first 8 days folLowing ovulation (period 5), which corresponds

to the early luteal phase-of the cyc1e, mean serun progesËerorie concen-

tratíon was sígnifícanËly (P<.05) hígher than all prevíous 1eve1s. Mean

serum progesterone concentratíon furÈher increased significantly (P<.05)

during days 9 to L7 of the fírst estrous cycle, which corresponds Èo the

mid luteal phase of the cyc1e.

Mean serum estradíol-17ß concentrations for control and carotene-

supplemented heifers from prepuberty to day 17 of the fírst estrous

cycle, dívided into six períods, are shown ín Table 25. There hrere no

significant treatment differences Ín mean serum estradíol-l7ß concen-

tration for all períods excepr períods 3 (days -7 to -1) and 6 (days 9

to 17). In period 3, mean serum esËradiol-17ß leve1 was signíficantly
(P<.05) hígher in control heífers than in carotene-supplemented heífers,

while the reverse r¡ras true ín period 6. For the combined data, there

r¡ras no sígnificant períod effect on mean serum estradío1-17ß concen-

tration.
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Table 25. Least square means (tsE) of serum estradiol-l7ß (pe/ml) from
prepuberÈy Èo day L7 of the fírst estrous cycle for control
and ß-car otene suDD l-emented heífers

Treatment

Samplíng
periods

Days before or after
l-s t ovulatíon Control ß-carotene

Combíned
data

1 Begínníng of samplíng
-22

-21 to -B

-7 to -L

0 (Ist ovul-atlon)

l-toB

9toL7

2

3

4

5

6

5 .58

5 .95

6.75

5.6

6.26

5.05

(.to¡

(.t o)

(.1Ða

(.te¡

(.ta)

(.76)c

s.L4

5.72

4.L9

4.36

5.28

7 .5L

(.tø)

(.76)

(.tø)b

(.to)

(.to)

(.7Od

s.36

5.84

5.47

4.98

5 .77

6.28

(.s4)

(.s+¡

(.s4)

(.sq)

(.s4)

(.s¡)

a'b'c'dRow 
means wÍth dífferent superscripts are signífícantly

dífferent (P<.05) .
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serum LH l-evel-s from prepuberty to day L7 of the fírst cycle were

not sÍgniffcantly (P>.05) ínfluenced by ß-carotene suppl-ementatíon (rabJ-e

26) - For the conblned data, there rdas a sígniffcant perÍod effect. Mean

serum LH l-evels for the first 4 periods from prepuberty to day of first
ovul-atíon and als'o durÍng períod 6 (days 9 to 17) were not significantly
(P>.05) different from each other although mean LII levels ín perlods 3

(days -7 to -1) and 2 (days -2r to -B), in partícular, rended to be

higher. The lor,rest mean serun LH level of 0.7t.11 ng/mr seen ln period

5 (days 1 to B), coïrespondíng to the early luteal phase of the cycle,

differed signífícantly (p<.05) from mean LH level in period 2 G.231.11

ng/n1) but did noÈ differ from mean LH levels in the other periods.

There I¡7ere no sígniflcant (P>.05) dÍfferences between control- and

carotene-supplemented heífers for mean serum FSII concentrations for any

of the periods from prepuberty to day 17 of. the first estrous cycl_e

(Table 27) - on the other hand, there were signifícant period d.ífferences

for the combined data. Mean serum FSH concentratíons for períods 1, 2 and.

4 were sígnificantly (P<.05) hígher than the mean revels during the 2

post-ovulation períods. Mean serum FSH concentratÍons were simil-ar for
the first two periods of prepuberty (2.63t.L4 vs 2.g41.14 ng/ml). Mean

FSH level in period 3 (2.22!.L4 ng/ml) was sígnifícanrly (p<.05) lower

than the mean l-evel in period 2 (2.841.1-4 ng/rnl) but similar to the mean

level ín period L (2.63!.14 ng/nl). Mean FSH concentration on the day

of first ovulation did not díffer (P>.05) from the mean FSH levels for
aLl 3 previous períods. As we1-1, serum FSH levels durÍng the last 2

periods were similar.
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Least square ueans (tSE) of serum LH (ng NIH-LH-S14/n]-) from
prepuberty to Day L7 of Èhe fírst estrous cycle for control
and 8-caro tene suppl-emented heifers

Treatment

Sampllng
perÍods

Days before or after
lst ovuLation Control ß-carotene

Comb ined
data

1 Begínníng of sampLing
to -22

-21 to -8

-7 to -1

0 (1st ovulatfon)

1to8

9 to77

2

3

4

5

6

0.89

t.L4

1.03

0.93

0.65

0.75

(.16)

( .16)

("re)

(.ro)

(.ro)

(.L7)

0.91

1.31

0.99

0.84

0.76

1. 15

(.ro)

(.ro)

( .16)

( .16)

( .16)

(.17)

0.90

I.23

1.01

0.88

0. 70

0 .95

( .11) tb

( .11) a

( .11) tb

( .11) tb

(.rr)b

( .11) "b

arb column means with dÍfferent superscrípts are sígnífícantly
different (P..OS)
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TabLe 27. Least square means
prepuberty to Day 1_

and ß-carotene suDD

(tSE) of serum FSH (ng USDA-FSH-BP3/n1)
7 of the ffrst estrous cycle for control
lemented heÍfers

from

Treatment

Sanpl-íng
perÍods

Days before or after
1st ovulation Control ß-carotene

Combined
data

1 Beglnning of sampling
to -22

-21 to -8

-7 to -L

0 (lst ovulation)

1to8

9toL7

2.44

2.6

2 .08

2.38

r.79

L.7 4

2.82

3.09

2.36

2.72

2.I9

1.63

(.2)

(.2)

(.2)

(.2)

(.2)

(.2)

2.84

2.22

2.55

t.99

r.69

( .14) "

1.ra)b"

( .14) "b

(.r¿)"d

l.rs¡d

(.2)

(.2)

(.2)

(.2)

(.2)

(.2)

ab2.63 ( .L4)

2

3

4

5

6

arbrcrd column means with dífferent superscripts are signifícantly
different (P<.05).
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DiscussÍon

Serum ß-carofene Levels ín the noncarotene-supplemented control

heifers of the present experíment r^7ere substantíally 1ower than the sug-

gested deficiency leve1- (Friesecke 1978) and comparable to serum ß-caro-

tene levels in carotene-deprived heÍfers reported by Lotthauuner and

Ahlswede (L977) and Folman er al. (.1979). Alrhough ß-caroÈene supple-

mentation signíficantly increased serum ß-carotene levels, the mean

B-carotene peak level-s in the supplemented heifers r¡/ere stÍ11- below the

suggested optírnum l-evel- of 300 ug/100 n1. This observation agrees with

results reported by Lottharnmer and Ah1sr,¡ede (L977) and Folman et al.
(L97e) .

In the Present experÍment, serum vitamin A leveLs were hígher ín the

caroterie-supplemented heifers although they received no vítamin A. This

may be due to the fact that the vítamin A equivalent of the daiJ_y ß-

carotene supplement of 105 nC (42,000 I.U. víËarnÍn A) vras twÍce the level

of vítamín A supplied to the control heÍfers (2L,200 I.U.).

rn agreement wíth a sÍm1lar observatíon by Folman et a1 . (1979), B-

carotene supplementation ín the present tría1 sígnificantly irnproved

gro\¡¡th rate but had no influence on age at puberty. on the contrary,

Ducker et al. (1984) reporred that ß-carotene supplementarion (300 rng/

head/day) did not affect growth rate in heífers receivíng a ratíon based

on corn silage. Thís ís probably because the non-supplemenÈed heifers

of Ducker et aI. (1984) had relatively high serum ß-carotene l-evels (23I-

331 ug/100 mI) which were higher than the peak serum ß-carotene Levels

ín the supplemented heifers of the present experírnent (l-90 ug/100 n1)
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and thar of Fol-man er al. (L979) (2L9 vg/L00 ml). The requíremenr of

ß-carotene, per se, for growth (if it is required for growth) nay prob-

ably be much lower than that for reproductíon, as ís the case for viËamin

A (Hemken and BremeL L9B2). Thus, the serrmr ß-carotene levels in the

unsuppl-emented heifers of Ducker et al. (1984) may have satisfied the

requÍrements for gror^rth.

On average, there vtas one ovulatíon before first observed estrus in
both treatment groups r¿hích indÍcates that first estrus was generally

sílent and undetectable despíte the carotene suppl-ementation. However,

the fact that 4 controL heifers lnad 2 ovulations before puberty compared

to 1 carotene-supplemented heifer which had more than 1 ovulatÍon before

puberty appear to support the observatÍon Èhat estrus in the l-ow-carotene

control heífers úras more difficult to detect due to their lower int.ensíty

of estrus.

The l-ower intensÍty of estrus and longer ínterval from preovul-atory

LH peak to ovulation ín the control heifers of the present experÍment,

are supported by símilar observations of schams eË al. (L977); but in-
consístent with observatÍons by oÈhers that ß-carotene supplementatíon

did not lnfluence estrual- acÈfvity and/or interval from LH peak to ovu-

lation in heífers (Folman et al . 1979; l,trang et al . Lgg2; hrang and Larson

1983). The frequency of the Z4-haur bl-ood samplíng regíme and the ac-

companying pai-patíon employed in the present experíment did not permit

a precise esÈímaÈion of the ínterval from LH peak to ovulatíon. The

uean interval of 3013 hours for the carotene-supplemented heifers in
comparison to a reported normal mean interval from onset of estrus to
ovulatÍon ot 24.4!6.4 hours for Holsteín cor¿s (Refsal and Seguín 1980)
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suggests an overestimatÍon of the length of the interval ín the present

experÍment.

In spÍte of the exÈremeLy low serum ß-carotene level_s in control
heifers and the fact Èhat serum ß-carotene levels in the supplemented

heifers were less than optímum, servíces per conception and conception

ïate r¡rere very good and dfd not díffer between the two groups. This is
contrary to observaÈions by Lottharnmer et al-. (I976) but consistent with
reporÈs by Folman er al-. (l-979) and i{ang et a1. (19g2). rn the present

tríal, Èhe satisfacÈory conception rate Ín both heifer groups despÍte

the lower intensity of estrus Ín Èhe controls may be atÈríbuted to the

close observatíon for estrus and the fact that records were kept of each

estrus enablíng a fairl-y accurate predÍctton of the next one. The lack

of a signíficant effecÈ of carotene supplementatl-on on Ëhe length of

estrous cycle also agrees with a sÍmilar observatÍon by Folman et al.
(r979).

contrary to the report by schultz et aJ.. (L974) that progesterone

concentratíon in the cL was lower ín cows wíth low serum ß-carotene,

$-carotene suppleuentation in thís experíment did not sígnifícantly af-
fecÈ total serum progesterone output during the estrous cycl_e. other

workers have símilar1-y found no differences Ín blood progesterone con-

centrations between carotene supplemented and unsupplemented heifers
(Folman et al . 1979; I^lang er al. 1982). The pre- and post-pubertal pro-

fil-e and l-evels of serum progesterone in this experÍment are consistent

with previous reports (Donaldson et al . L97o; Gonzale z-padlLLa eË al_.

L9753 Berardinellí et al. L979). The transíent rise Ín serum progesterone

prlor to fírsÈ ovulation observed in thís experiment and prevíously re-
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ported by others (GonzaLez-Padilla et al. L975- Berardinellí et a1.

L979; Schams eÈ 41. 1981) Ís thought to oríginate from luteinfzed in-
mature follicles (GonzaLez-Padílla et al. L975; Berardinelli et al. 1¡gTg).

The apparent hígh levels of prepubertal serum LH and FSH partícularly

durÍng the 2-week period before Ëhe transienË rise ín serum progesterone

1n the present trÍal, appear to support the "luteínized fo11ícLe" theory.

Estrogen is the hormone responsÍble for Èhe behavioural expression of

estrus ln the female anímal- (Bearden and Fuquay 19BO). Since intensíty

of estrus Ín Ëhe present Èrial and as previously reported by Schams et al.
(L977) was hígher in the carotene-supplemented heifers, one would have

expected serum estradiol--l-7ß levels to be hígher ín those heífers. How-

ever' serum estradiol-l7S concentration rrras not affected by ß-carotene

supplementatíon in the present experÍment. This ¡¿as even more surprísing

Ín víew of the reporËed hígh concenÈrations of ß-carotene in the fol-
licular fluid of cows (Chew et al. 1983).

Go¡zaLez-Padilla et al. (L975) reported that serum estradiol-l7ß levels

ín prepubertal beef heifers \^rere hfgh up untíl about day 40 before the first
preovulaËory LH peak, then decreased to levels whích remaíned constant

untÍl the end of sampl-ing on day 16 of the fírst cycle. rn the present

experiment' mean serum estradío1-17ß level-s for alL heifers did not

change significantl-y over tÍme from approximately 5 months of age to

ð.ay L7 of the first estrous cycle

Ttre fact that seruur LH and FSH l-evels ín the present tríal !,rere not

signifícantly affected by ß-carotene supplementatíon may be an índicatÍon

that the effect of ß-carotene on reproduction may not be medíated at

the hypothalamic or pituitary level. For the conbined data of a1l-
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heifers in the present tríal, mean prepubertal- serum LH level_s were

generaLly sí¡nílar to the levels after fírst ovulatíon except for Èhe

higher mean LH value for period 2 (day -2r to -8) conpared to period 5

(days 1 to 8) (Table 26). Mean serum FSH Levels on the other hand, were

generally higher during prepuberty compared to the post-ovulatfon períod.

In contrasÈ, Gonzalez-Padilla et al. (L975) observed no marked changes

in serum FSH l-evels ín beef heifers as puberty approached or during the

fírst estrous cycle but mean prepubertal LH concentrations were hígher

than that observed after fírst ovulation. On the other hand, Schams et

al. (1981) have described a biphastc profíle for prepubertal basal gonado-

tropín levels Ín whích mean serum LH and FSH values ín heífers íncreased

frour birth to 3 monÈhs of age, and Èhen decreased reaching the initial
level-s at 5 and 6 months of age before increasíng agaín to a second peak

at 9 months of age.

The serum FSH vaLues obtained ín this experímenÈ were approxirnatel-y

20 times lor.¡er than the values reported by Gonzalez-Padílla et al. (1975),

a facÈ probabLy rel-ated to the high potency of the USDA-FSH-BP3 standard

(2BxNIH-FSH-S1) used for the FSH assays in this experíment.

Summary and Conclusíons

Beta-carotene supplementation of 105 ¡ng/head/day to prepubertal

heífers on a low-carotene diet signfficanÈl-y Íncreased serum ß-carotene

levels; although mean peak serum carotene concentrations foll-owing the

carotene supplementatíon were less than Èhe suggested optimum of 300

ug/100 ml. Serum vitamin A levels were higher in carotene-suppl-emented

heífers than in unsupplemented conËrols that, received a l-ower equívalent

of viÈamin A.
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Beta-carotene supplementation signíffcantly ímproved average daíly

gaí'n of the heifers but had no Ínfl-uence on rnean age and body weÍght at
puberty.

The esÈrous activity that acconpanied fÍrst ovulation tended to be

sÍlent and undeËectable Ín both carotene-supplemenÈed and unsupplementecl

heifers. Hor.rever, in general estrus lsas more dÍffÍcult to detect ín the

low-caroÈene control heifers due to their lower intensíty of estrus. The

inÈerval from preovulatory LH peak to ovulatíon v¡as sígníficantly longer

in the low-carotene control heífers. The effect of the low carotene status

Ín the control heifers on services per conception and concepÈion rate to
first ínseminatíon were probably amel-Íorated by the close observatÍons

for estrus. Mean length of the esÈrous cycJ-es !¡ere noÈ ínfJ-uenced by

B-carotene suppl-ementatíon, but in general the fÍrst estrous cycle was

shorter than Èhe subsequenÈ cycles by about 2 d,ays.

serum progesterone concentratíon from prepuberÈy to day 17 of the

fírst estrous cycle as well as total- serum progesterone output during

the estrous cycle úIere not affected by ß-carotene supplementation. How-

ever' there were signifícant períod differences ín serum progesÈerone

concentration in both heifer groups. The lower intensity of estrus ín

the control heÍfers díd not appear to be due to lor¿er estradiol-17ß

output since serum estradiol-l7ß concentratíon from puberty to day 17 of

the first estrous cycle was not affected by 8-caroËene supplementation.

As wel-1, Èhere r^rere no signifícant períod differences ín mean serum

estradiol-l7ß concentratíon from prepuberËy to day L7 af the fírst
esÈrous cycle.

Beta-earoÈene supplementation had no influence on mean serum LH and
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FSH concentratíons from prepuberty to day 17 of the first estrous cycle

However, Èhere uras a significant períod effect on boüh serum LH and FSH

concentratlons. The apparenË high rnean serum concentratíons of FSH and

to a lesser extent LH duríng the 2-¡nreek períod prior to the prepubertal

transíent rise l-n serum progesterone provide some evídence ín support

of the theory that the prepuberËal transient rÍse ín serum progesterone

origínated from luteinized immature follicles.
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GENERAL DTSCUSSION

Despíte efforts to demonstrate a vítamin A-independent roLe for g-

carotene in bovíne reproduction, the results of the experíments reported

ín this thesÍs and those of other studíes reviewed do not concJ-usively

resolve the íssue of whether ß-carotene, peï se, is requíred for optÍmaL

bovÍne reproductíve performance. The orígínal German studies showed con-

sistenÈly that S-caroÈene deficÍency had sígníficant ad.verse effects on

bovine reproducLion whích were alLeviated by g-carotene suppl-ementation

(Lotthamrner r979b). rn the experiments reported. here, some of the re-

productive parameters evaluated, such as rur and cR (Experíment 2) and

ínÈensÍty of estrus and interval from LH peak to ovulatíon (Experíment

3), were substantially írnproved by g-carotene supplemenÈation. However,

most of the reproductíve parameters observed had marginal or no ímprove-

ment foll-owing S-carotene supplementation. Other workers have símílar1y

reported that ß-carotene supplemenÈation l-mproved some reproductive

parameters but not others (Bonsembíante et al. 1980; Akordor et al.
I9B4). on the other hand, there are studíes in whích ß-carotene supple-

nenÈation díd not ímprove any of the reproductíve parameters (Foluran et

a1. 1979; wang and Larson 1983; Larson er al. 1983; Ducker er al.
1984) .

In view of the lack of response to ß-carotene supplementatíon for

Èhe many reproductÍve parameÈers ín the experíments reported here and ín

other studíes' one might conclude that ß-carotene has no specifíc role

in bovÍne reproductíve functíon. However, there could be a number of

reasons for the discrepancy in reproductive response to ß-carotene
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suPplementatlon between the various studies. Dífferences in the breed

of cattle used ln the dífferent studies may account for some of the dis-
crepancy fn reproductive response to ß-carotene supplementatior:. It is
known that there are breed dífferences in the absorptíon and accumulation

of carotene ín the tissues of cattle (Goodwín Lg54) which may reflect
dífferences ín Èhe efficiency of S-carotene conversÍon to vítamin A

(Eaton eÈ al-. 1959). Therefore lt seems logícal ro hypothesíze Èhat

bovíne breeds that are geneÈícally less efficient ín the conversion of

B-caroËene to vitamin A and hence accumuLate greater amounts of g-caroÈene

in theír tissues might be more responsive to ß-carotene.

It ís not known how long a ß-carotene deficíency must be maintained

before its adverse effects on reproductive performance are manifesÈed.

rn the case of vitamín A defícÍency in bulls, other gross symptoms of

defícíency occurred before reproductíve faílure (Erb et al_ . 1947;

Hodgson et aL, Lg46). If animals príor to coming on tríal had receíved

adequate levels of ß-carotene for extended períods of time, ß-caroÈene

deficiency as índicated by blood carotene l-evel-s duríng a short trial
períod may noÈ affect reproductÍve function. There are variations be-

Èween the various studies with respect to the ß-carotene status of experi-

mental animals before comíng on trial and Èhe length of the Ërfal períods.

Another factor Ín the discrepancy of results between studíes ís Èhe

relíabflity of blood ß-carotene level as an fndícator of true defÍcíency

sÈatus. The current guídelines for bl-ood ß-carotene Levels were based

entirely on European studies. Variatíons ín carotene-assay methods be-

threen experíments and breed differences ín ß-carotene absorption and

accumul-ation ínval-ídates the applicabiLity of Èhose guidelínes to all
tríals.
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Perhaps the most crítical- reason for dífferences in reproductive

response to ß-carotene suppLementatlon might be interaction between ß-

carotene deffcÍency and other detrimental factors that affect reproductive

effÍciency such as prior nutritional status of the helfers and cows and

other pre-exístíng fertiJ-íty probl-ems. Lotthammer (1979b) has suggesred

that B-caroÈene defíciency tmy aggïavate the effects of other common

detrírnental- factors, such as poorly bal-anced nutrient and míneral ratíos

and hepatic dísorders, so that ß-carotene supplementatíon alone is un-

líkely to abolish Èhe fertílity problem. In some ß-carotene studÍes,

particularly the field tríals, some management fact.ors such as estrus

detection is likeLy to be improved duríng the trial períod thus resulting

Ín a favourable response to Èhe ß-carotene suppl-ementation.

If indeed ß-carotene has a specÍfic role ín bovíne reproductive

funetion, íÈs mechanÍsm of actíon is not yet known. The results of

experiment 3 reported here failed to show any assocíation between ß-

carotene status and endocrine parameters although others (Schultz et a1.

L974: Jackson et aI. 1981) have suggested the existence of such an as-

sociatíon. Jackson et a1. (1981) hypothesízed mechanÍsms by which ß-

carotene may be involved Ín ovarian steroidogenesís. They suggested

that since blood cholesÈerol makes a signíficant contributíon to pro-

gesËerone produced by the bovÍne cL (Bartosik et al. Lg67), ß-carotene

Ín associatíon with l-ípoproteíns may be involved ín the efficíent trans-

fer of choresterol from bl-ood to l-uteal tissue. Jackson et al. (1981)

indicated that support for their suggestíon comes from the correlation

beËween blood l-evels of ß-carotene and chol-esterol demonstrated by
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Lotthammer and Ahlswede (L977) and,the reduced outpuÈ of progesterone by

rat LuËeal- tfssue defícÍent l-n cholesterol (Everett L947). In contrast,

Greenberg et al. (1985) recently observed no sígnifícant (p>.05) effect

of ß-carotene status ín beef heifers on plasma and CL concentratíons of

cholesterol and progesterone and plasma concentratÍon of lipoproteíns.

An al-Èernatíve suggestion by Jackson et al. (1981-) r¿as Ëhat ß-carotene

may be ínvolved directly wíth the early stages of steroidogenesis. A

recent dernonstraÈÍon of carotene cleavage actfvíty Ín bovine CL by Sklan

(1983) led to the hypothesis that ß-carotene may serve a storage capacíty

in the CL to be converÈed to vitamin A when needed by that organ. This

hypothesis míght explain a possíble involvement of ß-carotene ín steroído-

genesís in the CL sÍnce vitamin A ís belíeved to be necessary for the

synthesis of Ëhe adrenocortical hormones gJ-ucocortícosËeïoíd.s and pro-

gesterone (Zintzen L974) .

The uLtimate question remaíns under whaÈ condÍËíons would ß-carotene

supplementation be advisable. The resul-ts of experiurent L reported here

suggest that animals fed a combinatíon of good hay and silages such as faba-

bean and rye sílages that are moderately hígh ín ß-carotene, even without

access to pasture, would maíntaín good serum ß-carotene l-evels. 0n the

other hand, availabílity of pasture to animals duríng the suruner months

would be more desirable. In practice, ß-carotene deficíency ís likely

to be a problem on1-y if hígh levels of low-carotene forages, such as

corn silage and badly r¿eathered or old hay, are fed for extended periods

of tÍne. Therefore ß-carotene supplementatíon míght be advisable ín

herds wíth ínexplicable poor ferËilíty probl-ems when fed dfets contalning
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large quanÈitíes of Low=carotene forages. Selectíve monítoríng of serum

ß-carotene concentratÍon in such. herds shouLd provlde a basfs for a deci-

sfon on the approprlateness of ß-caïotene suppl_ementatíon. The resul_ts

of experíments 2 and 3 suggest that there should be no need for vltamin

A in the concentrate ration íf ß-carotene is befng suppLemented. At the

current cost for ß-carotene supplementation, the response would have Èo

be subsËantial to economically justify carotene supplementatlon.
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Appendix I

Analysís of variance tables and raw daÈa

for Experiment 1
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Table 1. Analysis of variance table for serum beËa-carotene and
vítamín A concenËration for Èhe entíre experímental
perÍod

Source of varía Èíon df MS F

Variable: Serum ß-carotene

Season of calvíng
(per cal)

Cow (per cal)

Month

Month (per cal)

Error

Total

Variable: Serum vítamín A

Season of calving
(per cal)

Cow (per cal)

Month

Month (per cal)

Error

Total

1

L4

11

11

L54

191

s681. 1

62806.7

343132.7

24334.0

16s09.8

3.6

534.3

582.7

59 .6

5L.97

0.34 NS

3.8 **

20.9 **

1.47 NS

0.07 NS

10.28 **

11. 20 *?t

l_. 15 NS

1

L4

11

1l_

Ls4

L9L

** P<.01

NS = Not sígnificant.
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Table 2. Analysis of variance table for serum beta-carotene and
vitamín A during the calvine period

Source of varíation df MS F

Variable: Serum g-carotene

Season of calving

Error

Total

VarÍable: Serum vÍtamín A

Season of calving

Error

Total-

I

T4

15

1

L4

15

246909.6

L7 334 .4

57 .4

51. I

L4.24 **

1.11 NS

** P<.01

NS = Not sígnifícant.
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Tabl-e 3. Analysís of var iance table for the repr oduction data

Source of varíation df MS F

Variable: Interval Èo ovulation

Season of calving
Error
Total-

I
11

L2

27 .3

4r.7

l_8.1

1. 31

0.65 NS

13.8 **

O.O NS

6.2 *

4.3 NS

Variable: Interval to uteríne involutíon

Season of calving
Error
Total-

1

I4
15

Variable: Servicês Þer conce ptíon

Season of calving
Error
To tal

1

13

L4

0.0

4.4

10395. 3

L67r.6

31427 .4

7238.L

Variable: Interval to first servíce

Season of calving
Error
Total

VarÍable: Davs open

Season of calvíng
Error
To tal

1

13

T4

1

13

14

* P<.05

** P<.01

NS = Not significant.



Oct.
1980

Nov

!ab1e 4. Serum ß-c Èene concenttatlon (uelroo d;) out exDer

Month

ldar. Aprll t{ay

lnental perl.od

Dec Jan.
1981Heffer/cow

Group 1: Calvinq Jan

1) F. Holly
2) C. Ann

3) R. Lana

4) Valerl-e

5) S. vision
6) M. Joanna

7) B. Leona

8) S. Queen

;
Group 2: Calvine Ju1

980
Feb.
1981

r52.4
734.4

375.2

382.4

27 4.4

292

2].9.2

320.8

268.9

189.6

294.4

295.2

280 .8

407.2

264

2s6

272.8

282.5

1981
June
1981

July Aug. SepÈ.
981 81 81

-Aprl1

204

364.4

3L7.5

324.8

292

39L.2

233.6

4I4.4

305.2

y-Oc t.

296

136

208

244.8

372.8

300.8

136 .8

173.6

233.6

2L5.2

172.4

378.4

313.6

34r.6

368 .8

255.2

469.6

24t.2
249.2

442.4

446.4

296.8

420

277.6

4s0.4

3s3

316.8

3L4.4

267 .2

406.4

456.8

280

288. I
272

325.3

120.4

280

448. I
420

393.6

334.4

274.4

392.8

330.1

404.8

296.8

246.4

349.6

420

296

256

300

32I.2

794

210 .8

196

205.6

243.2

267 .2

\55.2
324

224.5

227.2

LgT.2

200.8

313.6

338.4

2I9.2
235.2

309 .6

182

177 .6

207.2

2t4.4

T7L.2

202.4

108.8

238.4

27t.2

309 .6

L75.2

463.2

465.6

333.6

333. 6

397.6

273.6

278.4

252

3\4.4
209.6

270.4

204.8

349.6

296

326.4

188 .8

472

449.6

336

349.6

304

725.6

537 .3

779.2

696.8

466.4

581. 6

528

608

512 .8

734.4

579.2

955.2

928

519.2

432.8

673.6

1016

s36

469.6

1132

763.2

581.6

700

576

525.6

963.2

248.8

799.2

326.4

472.8

496

Lr94 -4

479.2

318.4

3s4.4

831.2

567.2

426.4

530 .4

538 -4

360.8

404

224

328

426.4

310. 4

360

744

73t.2
507.6

484.8

1033. 6

220

2.0I.6

743.2

43r.2

429.6

4I5.2

392

238.4

359.2

209.6

384.8

883.2

3r4.4

284.8

26r.6
232

277.6

296.8

230.4

203.2

232.8

252-4

187 .8 269.I 675.7 72I.8 505.7 469.2

1)

2)

3)

4)

s)

6)

7)

8)

P. Beatrlce
Flossy

PrlDette
Peggy

Rosa

Queenfe

Emy

Royalle

;
254.4 343.7 340.3 659 .4 628.3 394.7

ts
lJt(,4I3.9



ble Scrum v i t

Dec .
1980

27 .5

27.5

55

35

42.5

32.5

32.5

35

35 .9

47.5

27 .5

35

42.5

50

27 .5

37 .5

45

39.1

Aco tration 00m

Feb

(lt

1981

27.5

J7.5

42.5

27 .5

30

27 .5

27 .5

25

Pr 1m(' i;r'] 'rt'l-iocl

Mon th

Cow /he i fe r
Oc t.
1980

Group I: Calvlns Jan . -Aprll
Hol ly
C. ¡\nn

Lana

Vale rle
Vision

Joanna

Leona

S. Queen

; 38.6

Group 2: Calving Julv-Oct.

f) Bearrice 37.5
2) Flossy ZO

3) PrlmeÈre 32.5
4) Pegsy 3s

5) Rosa 62.s
6) Queende j2.5
7) Erany 40

8) Royalle 50

38 .8

28. 8

40

57.5

40

37 .5

40

40

25

ñ-ov.
t980

30

35

40

42.5

40

40

35

40

37 .8

Jan.
198 I

27 .5

27.5

52.5

42.5

35

42.5

32.5

35

36.9

37.5

31

50

37.5

27 .5

35

27 .5

25

Mar
198

45

40

32.5

30

35

35

30

32.5

35

198 I

35

36. 3

37 .5

30

35

42.5

35

32.5

37.5

35

35

35

37 .5

27 .5

45

52.5

55

36. 3

50

50

42.5

70

65

42.5

I 98r

50

37.5

55

50

52.5

55

57.5

40

J7.5

42.5

30

55

35

40

40

65

30

27 .5

57 -5

30

47 .5

37.5

47 .5

37 .5

27.5

50

27.5

30

35

27 .5

27 ,5

67 .5

30

?a q

55

42.5

35

32.5

40

27.5

36.4

Apr I I lllay .J unc
1981

.Iuly ,\uB
198

Scp r
19 81

I

r)
2'

3)

4)

5)

6)

7)

8)

35

35

37 .5

35

62.5

32.5

50

55

42.8

37.5

27 .5

35

35

55

30

30

42.5

36.6

33.9

27 .5

27 .5

27 .5

32.5

60

30

32.5

50

35 .9

35

25

25

27 .5

30

20

27.5

45

26.3

20

32.5

22.5

27 .5

45

20

35

55

30.6 35. s 51 .4 49 .7 39 .4

45

45

50

55

80

45

55

57 -s

35

35

40

22.5

32.5

20

22.5

42.5
x

32.2 38. I 54.r 4 3.1 36.6 11.3

ts
(.rr
È.
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Table 6. serum beËa-carotene concentraÈion (us/roo ror,¡ during the
calvíns oe riod

Month
prepartum Month OS artrm

Heifer/cow
Month of
calvÍns 1 I 2 Mean

Group 1:

F. Hol-ly

C. Ann

R. Lana

Valerie

S. Vision

M. Joanna

B. Leona

S. Queen

Group 2:

P. Beatrice

Flossy

PrÍmette

Peggy

Rosa

Queeníe

Emny

Royalle

Jan. I 81

il

It

Mar. r81

24I.2

249.2

375.2

382.4

243.2

267.2

L55.2

324

I20,4

280

]-96

205.6

T7T.2

202.4

108 .8

238.4

L52.4

L34.4

207 .2

2r4.4

209.6

270.4

204.8

349.6

429.6

224

238.4

426.4

209.6

384. B

171. 3

22L.2

259.5

267 .5

208

246.7

156.3

304

438.7

409.6

330 .6

45s.2

s60.3

330.9

4r3.6

883. 2

AprÍl f81

It

lt

il

A,rg. r 81

Sept. '81

July '81

Aug. '81

July 'Bl

Aug. '81

Aug. r81

Oct.'Bl

525.6

404

5r9.2

799.2

928

472.8

496

883.2

360 .8

4L5.2

248.8

328

326.4

3l_0 .4

360



Table 7. Serum vftamín A concentratíon (ue/fOO rnf¡
period

156

during the calving

Month
preparfum Month postpartum

Heifer/cow
Month of
calving 1 1 2 Mean

Group 1:

F. Holly

C. Ann

R. Lana

Valerie

S. Vision

M. Joanna

B. Leona

S. Queen

Group 2:

P. Beatríce

Flossy

Primette

Peggy

Rosa

Queenie

Ermy

Royalle

Jan. '81

Mar. I 81

Apríl '81

It tt

tt

Aug. '81

Sept. t81

July | 81

Aug.'81

July rB1

Aug. '81

It

il il

n

27 .5

27 .5

50

37 ,5

35

35

30

32.5

27 .5

27 .5

32.5

30

30

27 .5

27 .5

25

27 .5

35

30

30

35

27.5

27 .5

37 .5

31

42.5

27 .5

42.5

35

32.s

35

27 ,5

22.5

32.5

29 .3

4r.7

3r.7

32.5

35

30 .8

30

33. 3

31.3

34.2

35 .8

57 .5

29.2

30

42.5

35

It

Oct.'81

37 .5

27 .5

4s

55

BO

40

40

42.5

35

20

22.s



*Interval to 1st
ovulation postpartum

Reproduction data

**Interval Ëo
uterine ínvolution

Table 8.

Services
Interval to
1st service

Cor¿

Group 1:

F. Holly
C. Ann
R. Lana
O. Valerie
S. Visíon
M. Joanna
B. Leona
S. Queen

P. Beatrice
L. Flossy
D. Primette
N. Peggy
M. Rosa
S. Queenie
S. Enny
L. Royalle

d s

Calvíng period - Jan.-April 1981

r¿eeks

6.3

4.r

c tíon

2.9

2.9

en

1)
2)

2L
18
28
33
2T

3)
4)
s)
6)
7)
8)

4
7

6

6
5
9
7

6

7

2
1
1
2
5
2

2

5
1
6

1
3

1
4

108

LT7
99

100
160
243

77

r29.2

72
99
52
94
83
69
47
95

76.4

286

2L8
99

100
22L
385

9B

20L

106
I27

52
222

B3
113

47
L24

109.3

15

x 22.7

ving period - July-Oct. 1981

30
L6
31
19
28
32
23

Group 2: Cal

1)
2)
3)
4)
s)
6)
7)
8)

4
4
5
4
4
5

4
3

25.3

*Based on mílk progesterone profiles.

**Uterine involutíon assessed via rectal palpatíon

x

ts(,\,
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Appendíx II

Analysis of variance tables and rar¿ data

for Experiment 2



Table 1

159

Anal-ysís of varíance table for serum beta-carotene and vitamínA concentration

Serum ß-carotene Serum vítanin A

Source of variation df MS FF MS

Rat

ßcar

Ratxßcar

Tram

RatxTram

ßcarxTram

RatxßcarxTram

Cow (RatxßcarxTram)

Error a

ileek

RatXI,rIeek

ßcarxtrrleek

Ratxßcarxhleek

Tramxüleek

RatxTramx!'Ieek

ßcarxTramxl,rleek

RatxßcarxTranxi^Ieek

Error b

9648s

461346L

3029Ls

102538

I35C24

23s869

L89777

25 77 806

2

1

2

1

2

t

2

346504

1,4s65

335850

l_4160

3348

L6254

4920

6253

11034

1.2 NS

59.3 **

3.9 *
l_.3 NS

1.7 NS

3.0 NS

2.4 NS

31.4 **
1.3 NS

30.4 **
1.3 NS

0.3 NS

1.5 NS

0.4 NS

0.6 NS

209.7

269.4

609.9

34.L

r40.2
74.3

199 .1

249.4

820 .3

4s.3

s3. 5

40 .8

14.8

37.2

26.2

16 .1

29.5

0.8 NS

l-.1 NS

2.4 NS

0.1 NS

0.6 NS

0.3 NS

O.B NS

27 .B *x
1.5 NS

1.8 NS

1.4 NS

0.5 NS

1.3 NS

0.9 NS

0.5 NS

9

18

9

18

9

1B

9

18

2I0

t P<.05

*?t P<.01

NS = Not signífÍcant.
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Table 2. Analysis of variance table for interval- to ovulatíon and in-terval to uterine involu tfon

Interval to ovulation
Interval to uteríne

ínvolution
Source of
variatfon df MS Fdf MS F

Rat

ßcar

Ratxßcar

Tram

RatltTram

ßcarxTram

RatxßcarxTram

Error

Total

2

I

2

I

2

1

2

70.4

L06.7

55 .6

0.5

22.9

264.2

L6.2

74.8

0.9 NS

1.4 NS

0.7 NS

0.01NS

0.3 NS

3.5 NS

0.2 NS

0.38

7.3

2,0

7.3

0.7

4.0

0.6

2.3

0.2 NS

3.2 *

0.9 NS

3.2 t

0.3 NS

1.7 NS

0.3 NS

2

1

2

1

2

1

2

25

36

22

33

¡l P<.01

NS = Not signíficant.
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Table 3. Analysis of varíance tabl-e for services per conception and
days open

Source of
variation df MS F

Services
Der conceDtíon Davs open

MSF

Rat

ßcar

Ra txpcar

Tram

RaÈ>(Iram

$carxTram

RaÈxßcarxTram

Error

Total

0

1

0

I
2

0

0

1

2

1

2

1

2

1

2

20

31

7

1

0.5 NS

0.8 NS

0.3 NS

1.5 NS

1.8 NS

0.7 NS

0.4 NS

1068

901

3798

4052

2B2B

3BB

286

1395

0.8 NS

0.6 NS

2.7 NS

2.9 NS

2.0 NS

0.3 NS

0.2 NS

4

9

3

B

5

3

NS = Not signifícant.
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Table 4. Analvsis of var iance table for somatic cell- counts

Source of varíatíon df MS F

Rat

ßcar

Ratxßcar

Tram

RatXTram

gcarxTram

RatxßcarxTram

Cow (RatxgcarxTram)

Error a

hleek

Rafxhleek

$can<Lreek

RaU< Bcan< I^Ieek

Tramxtr'Ieek

RatxTramx[,{eek

ßcarxTramxl,Ieek

Ra tx ß c a r)cTram:d^Ie ek

Error b

2

1

2

I
2

1

2

2080639

3262336

508588

31_70s83

L07756r

3846907

r-851718

ls01795

L32r9647

649160

2I56L22

280rLz

l_075405

648439

3572523

1061283

1659 333

1.4 NS

2.2 NS

0.3 NS

2.1 NS

0.7 NS

2.6 NS

1.2 NS

8.0

0.4

1.3

0.2

0.6

0.4

2.r
0.6

25

3

6

3

6

3

6

3

6

¿-L

NS

NS

NS

NS

NS

NS

NS

75

** P<.01

NS = Not sígnificant.



Table 5. A¡alysís of variance table for l{Y. }tr' and FCM

MY MF FCM

Source of variation

Rat
ßcar
Ratxßcar
Tram
Rat>t'Iram
gcarxTram
RatxScarxTram
Cow (RatxgcarxTrarn)
Error a

lleek
Ratxf,ieek
Scarx1tleek
RatxBcarxüIeek
Tramxhleek
RatxTramxf,rleek
ß earxTramxtrrleek
RatxßcarxTrauxl,Ieek
Error b

* P<.05

't* p< .01

NS = Not signifícant.

df

25

1_1_

22
l_ 1_

22
1t_

22
11
22

275

MS F MS

0.s

.04

.01_5

.04
0 .043
0.01
0 .013
0 .018
0 .03

.022

F

1.9 *
0.7 NS

1.8 *
1.9 **
0.4 NS

0.6 NS

0.8 NS

1.3 NS

705
208
184
802
370
2]-.5
62.7

4r0

MS F

2

1
2

1_

2
1
2

2024
324
281,

2442
725
444

BO

680

NS

NS

NS

NS

NS

NS

NS

NS

NS

NS

NS

NS

NS

NS

NS

NS

NS
**
NS

NS

NS

NS

1.1_
0.6
1.5
1.9
0.3
0.4
1.0
1.0

8.2.
4.0

10.6
13. 3
2.0
2.9
7.3
7.L
7.0

*)t

NS

NS

NS

NS
*
NS

17 .7
2.6
0.8
0.7
0.3
0.6
2.L
0.9

67
9.9
3.2
?o
1.1
2.3
8.0
3.3
3.8

r.7
0.5
0.4
1.9
0.9
0.5
0.2

NS

NS

NS

NS

NS

NS

NS

I.2
0.4
o.4
0.6
1.0
0.4
0.2

0.6
0.2
0.2
0.3
0.5
0.2
0 .08

2.9
0.5
0.4
3.6
1.1
0.6
0.1

o,(,
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Table 6. Serum ß-carot concentratl ôn (uel100 mL) thro Phout exDerlmêñ I pÈrlod

Weeks relatlve to Darturf tlon
Prenartum Pos tun

Heffer -4 3 -1 4 6 I l0 T2

Low caro grouD

dlet/no Tramisol

B. Royal
Mona rc h
Noma

689.6

348

448.8
322.4
251.2

324,8
212.8
r49.6

224
156

89 .6

76
80.8

136.8

88
ro7 .2
140

64
169 .6
172

233
216

t26 ,4
to t o

208.8

2t6
300 .8

775,2
151.2
183. 2

476
108
r47 .2

r05 .6
72

149 .6
395.2

t46 .4
129.6
194 .4
27t,2

54
t72
184

105
85

150
313

Concrol dlet/TramlsoI
Pä tsy
S. vlslgorh 280
Wanda 388 .8
J. Vlslgorh

Ex trud ed canola /no Tramfsol
Laura
Anyra
Ho1ly

Extruded cano 1a,/Tramisol

S. Kathy
Beb e
J, Queen

l{hole seed c Tranisol

293.6
270 ,4
424.8

L97
179
332

110.4
87 .2

126.4

102.4
78.4

101 .6

t,

6

6

6
6

4

6

6
I

I
I
I
4

8

4

6
2

6
4
4

r80
96

140
490

89
60

81
103
1t2

tt6
109
165
280

334
4L2
745

6
2

I

4
8
6

4

4

20L
r06
230

172
2r3.6

t63,2
264,8
307 .2

r42.4
130.¿
9t .6

190.4
184.8
138.¿

950 .4
122tt
1005

336
572

1226

388
438
733

591
806
714

179
200
tt0

328
)o1

286

313
56t

t0 36

2
r¿

4

8
I

676
640
558

347.2
aa1 ,

348

271,2
75.2

u2.8

161 .2
77.6

lll.2
72.8

118.4
r08

282.4
rt6
r16.8

3O2 . tt

t47 .2
181.6

)21 a

t64
t36.6

258.4
99.2

253.6

105
TL2
to2

104
256
275

t7a

220
408

27
26
51

313.6
T9I.2
313.6

I
4

280
296
274

2

I

309
r04
180

Vi van
J. Leona
Rosa 4t2.8

228.8
309.6
2r7.6

459 .8 379 .O 280 . 3 190. 2 150. 3 146 .8

2L0 .4
344
372

322 , t'
366 ,4
jt't/1 .8

184.8
r3l .2
178 .4

181.6
140 .8
180 .8

157.5

167 ,2
t47.2
236.8

250
1t 2.¿.
184

3i 1

I75.2
191.2

283.2
190.4
25r.2

t72
2L6,8

196.8
193.6
378 .4

28L .6
328
826 .4

332
4r3.6
906.4

2

6
2

6
4

r84
r28
259 4

2

I
2

638
694
336

384
469
314

315
196
400

160
237
187

191
92

L62

I
6
4

Lo rna

Whole seed Ia /Trami s o1

Ros e
Bonny

Mean

Carotene supplehented group

Control dle /no Tramlsol
Enpres s

665.6
308
s6l .6

s
T

395
680

181 . 5 104 .0 2r2 .5

3s7
t2o

6

I
283.2
239.2

0 6
I

Leno re t te
Lore l1
Joan

364.8

590.¿

Fern
Joyce

Control d t /Tramlsol
529,6

654,4

Extluded canola/no Tranlsol
Lot tle
t.lendy
Emelf ne

Extruded 1a /Tramiso 1

l{hole seed canola/no lranlsol

329.6 269.6 422 .4
276
7 43.2

40t.6
170 

'
725.6

2

4

794
t052

843

284
428
320

1057
498
444

483.2 289.6

194.4
260.8
27 3.6

79
62
88

544
248
504

630
310
336

392
3s5
300

198
273
224

2r9
236

463 .2
563.2
519.2

573.6
678.4
692.8

Lea
Ar lene
Nettfe

959.2
1.3L2
354 ,4

724
384
37s

571.2
3L7 .6
332

356.8
576.8
366 .4

668
785 .6
583.2

924
1215
968

280
180.8
320

46L .6
445.6
338.4

582 .4
595.2
472.8

626 .4
715.2
444 .8

802.4
869.6
5r0.4

Lan 1e
De1la
Patcf

392
628
328

397
33r
251

420
444
304

327 .2
236
240.8

502 .4
6t5.2
491.2

Roxy

l.Ihole sepd la /Tranlso 1

Leonâ
Rega I

566.4 430.4 392.8 384 483,2556 380.4 288 242.4 353.6388 168. I 228 250 .4 369 . 6

502.7 40r . 1 338 .9 280. I 294 .2

655.2
542 ,4
443.2

665.6
674.1
1165,6

s 870,/,
788
657.6

750.2527 .2 600.2 674.IMean

508
530
340

372
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le7 vl

f tum

n hout exÞerlnentâl rfocl

¡1 tlonWeeks re to

He Lf er /cow 3 2

Pos t r tum

2 6 I 10 t2
Los carotene grouo

control dlet/no Tranisol
B. Royal 32,5
Monar ch
Norma 35

32.5
27 .5
40

50
40
30

47 .5
27 ,5
35

ConÈro1 d 1e t /Tramlso 1

5

5

5

5

27

32

35
35
,2

22
37,
20

22
30
32

20

35

)1
5

25

2'l

22
20
35

27

30

32
27

35

32.5

20

55
?q

42.5

55
35
42,5

35
35
,?

35
3s
25.O
47 .5

55
37 .5
lo
t,2.5

55
32.5
'ì5

50

35
35
22.5

4o
40

35
LO

l7 .5
J7 .5

25
32.s
30

20
35.0
27 .5

27.5
/.2.5
37 .5

30
35
31 .5

22,5
30
27.5

22 .5
27 .5
37.5

27 .5

42 .5

32.5
5o
47 .5

27.s
41 .5
42.5

22.5
40
22 .5

20
35

27 .5
42 .5
25

42.5
35
27.5

LO

27 .5

42

37
32
20

5

50
11

32

30
50

Pa tsy
S. Vislgorh
Wa nda
J. Vlslgoth

zì ,s
25.O

5

5

42
30
27
50

35
30

25
42,
30

30
27.
35

5

5

5

5

50
30
27
50

42
45

42.
30

5

30
37
30

25

32

22
27
25

22
30
)a

27
22

Extruded canola/no Tranlsol
Laura 22.5 25
Anyra 27.5 25
Hol ly 20 20

Excruded canô Ia /Trami s ol
S. Karhy 20 22.5
Bebe 35 32.5
J. Queen 27 .5 30

l,Ihole seed canola/no Tranlsol
Vlvian
J. Leona
Rosa

Whole ca nola amisol
Lor na
S. Rose
T, Bonny

Mean

30
40
37

2

30
50
40

52
42

), 5
5

30
J)

25

2o

27
25

50
32
27

5
55

3O.2 30.1 29.r. 26.4

5

29.9

Carotene suDDlemented ÂrouD

Control dlet /no Tramlsol
Empress
Fe rn
Joyce

Control d1 et/lranlsol

34.9 34 .6 36 .6 39.9

ltO

42.5
47 .5
32.5

35
42 .5

35
37 .5
50

30
\2.5
52.5

38.3

27 .5
27 .5

5

5
5

5
5

5
5
5

21
27

aa

a:

20
tt
35

27.

25

)t
)1

22.
ta

30

5
5

5
5

5

5
5

2

2

5

Lenore t te
Lorel I
Joan 3; zì .s

27 .5
25
25

35
tq
30

35
)7 C

35

50
27.5

55
ûñ
i2. s

I!5

i5
35

Extruded canola/no Traml s o I
Lotrfe 20
I.Iendy 20
Eme l1ne 35

Extruded canola/TrantsoI
Lea 50
Arlene 30
Nettfe 30

hrhole seed canola/no T¡amlsol
Lanle
Della
Pa ttf

Sqle seed canola/Tramlsol
Roxy 2j.5 Zz
S. Leona 30 22
S. Regal 25 22

22,5
2o
35

35
25
27 .5

25
35
27.5

22.5
30
27 .5

22 .5

32 .5
32.5

35
42.5
37.s

42 .5
35

42 .5
55
37 .5

55
52.5
35

37
32

5
35
42
37

5

5

5
5

35
42 .5
4o

l5
!12,5
52 .5

5

5

55
52
L2

35
5

25
30
30

27
35
37

5
5

t1
27
30

,1
35
37

35
35
l0

25
20
22.5

27 .5
25
40

32.5

37.5
40
17 .5

35
'ì5

35

25 .7 33 .2 36.t,
Mean 28.9 25.6 25.9 28.3 32.9 40 ¿0.8
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Table 8. ReÞroductlon data

lle{fer/cou
Inteilal to ovu-
latfon (davs)

Interval to uterlne
Lnvolutlon (weeks) Days ooen /conceo t 1on

Low caro t RrouD

Con trol lramisol
B. RoyaI
Monarch
Norm

qo¡trol dlet,/Tranlsol

l7
I4
40 I

9

5
4

3
t
3
2

4

3

6
3

5
2
2

2

:
7

5

4

2

2

1

5

4
3

2

1

7

4
3

t1

2

I

I

l
5
4

J

95
60

Pâ tsy
S. Vfslgoth
Wanda
J, Vfslgoth

I6
13

t22
93

103
1r5

89
74L

65

Extruded canola/no Tranisol
Laura 20
Anyra 36
Holly 25

Extruded canola/Tramlsol
S, Kathy l7
Bebe 15
J, Queen 38

Whole seed no Tranlsol

6
7

4 .95

r77
87

r14

l3l
t72

207
94

103

L25
,:,

119 .9

l¡o
90

2.3

VfvIan
J. Leona
Rosa

35
25
24

I.Ihole seed no la /Tramf so I
Lorna
S. Rose
T. Bonny

:

13
11

l9

23.3

Cerotene s ted srouo

Control dle no Tranfsol
Enp ress
Fern
Joyce

Control dlet/Tramisol

AJ
20
26

Lenore t te
Lore11
Joan

I3
l3
33

26
13
22

Eltruded canola/no Tramisol

Lottfe
Wendy
Emeiine

Extruded canola/Tram1sol

Lea
Arlene
Ne t tle

l.Ihole seed /no Tramlsol

66
,_t

30

3
2
4

4

;

2

I
3

4
4
4

I
3
1

6
4
4

147

115

LanIe
De1 la
Pa ttf

13
7

13

110
68

ll4

84
161

6A

Whole seed canola/Tranlsol
Roxy 17
S. Leona
S. Regal 24

1.I19 -2 108.5 1.9
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Table 9. Data on incldence of reproductlve and otlrer dfsorders

Hetfer/cæ
Ovarfan

cys t
Puss Re talned

Dlacentålletrl ls Lost fetus Has titls
Low carotene grouÞ

Côntrol dlê no Tranlsol
B. Royal
I'lonarch
Noma

Control diet/Tranlsol
Pat6y N
S, Vtslgoth N

l{anda N

J. VfÊfgoth Y

Excruded canola/no Tranfsol
Laura N

ADyra Y
Holly Y

Extruded canola/lranlsol
S. Kathy N
Bebe N

J. Queen Y

Ì{hole seed canola /no Tranfsol

Y
N

Y

Y

N

Y

Y

N

N

Y
Y
N

N

Y
N

Y

N

N

N

N

N

Y

N

Y

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

Y

N

N

N

N

N

N

N

N

N

Y

Y
N

N

N

N

N

N

N

N

N

N

N

N
Y

N

N

Y

N

N

N

N

N

N

N

N

N

N

N

Y

N

N

N

N

¡l
Y

N

N

N

N

N

N

N

N

N

N

N

N

Y

N

N

N

N

N

N

N

N

N

N

N

N

N

Y

N

N

N

N

N

N

N

N

N

Y

N

N

Y

N

N

Vlvlan
J. Leona
Rosa

l.lhole seed

rnâ
Rose
Bonny

Lo
s.
T.

N

N

N

Overall ln-
cldence (Z)

Carotene euÞplemented group

Control dlet/no Trantsol
Enpress
Fern
Joyce

ontrol dtet/Tranlsol

3l .6 15.8 15. I 21 .1 5.3 31.6

Lenore t te
Lorel I
Joan

N

Y

N

N

N

N

N

N

N

N

Y

N

N

Y

N

N

N

N

Y

N

N

N

N

N

N

N

N

Extruded canola/no lraDlsol

Lottle
Wendy
Emellne

Extruded canola/Tranisol
Lea
Arlene
Ne t tle

Whole seed canola/no Tramfsol

N

Y
N

Lanle
Del la
Pattl

N

N

N

N

N

N

N

Y

N

N

N

N

N

N

N

Whole seed canola/Tranlsol
Roxy
S. Leona
S. Regal

Overall fn-
cldence (Z)

N

N

N

N

N

N

00 11 ,1

Y-Yes

N*No

11 .1 L6.7 11.1
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Ig!_þ10. 9omtlc cell counrs per nI of nflk (x I00O)

[.¡eeks Þos tDârtuh
Helfer la¡u l.leek 1 f.leek 4 I tleek 12 x

Low carotene erouo

Control dfet/no Tranfeol
B. Royal
Monarch
Norna

Control dfet/Tratrfsol
Patsy 820
S. vlslgoth 260
f+randa 7 60
J. Vlsfgorh 270

Extruded canola/no Tramtsol

Laura 1100
Anyrã 160
Hol1y 3700

Extruded canola/Tranlsol
S. Kathy 3000
Bebe f600
J, Queen 370

Whole seed canola/no TraElsol
Vfvian 14000
J. Leona 210
Rosa 180

t{hole eeed canola/TranleoI

Lorna 600
S. Rose 530
T. Bonny 480

Carotene suDD ed eroup

Control dle /no Tranfsol

490
70

490

81
50

150

170
130

80
r50

120
110

80

80
L20
r40
300

54
46

1t0

410
180
180

L20
t60

1100

320
100
130

60
60
70

3200
Ió0

3500

962.8
92 .5

1060

297
155
265
198

831
t9t
L75

80
90

100

110
80

280

290
93
86

150
160

90

472.5
123.3

l0 39

190
210
L20

650
3800

150

90
380
170

60
r20
280

2t7.5
,o7 q

507 .5

140
50
70

90
110
900

t20
60

ll0

290
r40
140

140
100
290

130
50

200

70
110
100

690
767 .5
460

100
90

640

80
90

210

240
400
120

80
110
100

3t0
110

90

3842.5
r0 75

150

Enpreas
Fern
Joyce

Control

490
r10

1200

Extruded /no Tranisol
Lottle
Wendy
Emeline

Extrurled canola /Tranf sol
Lea
Ar I ene
Net tie

canola Tranlso 1

270
77.5

400

1t0
270
690

tl0
107.5
302.5

715
425
230

Leno re t te
Lorel I
Joan

2500
160

1500

r30
340
170

157
202
682

330
340
500

150
250
600

5
5

5

Lanle
De1 1a
Pattl

2100
670
450

90
30

290

230
490
2r0

Whole seed canola/Traulsol
Roxy
S. Leona
S, Regal

1100
910

210

1603000

130
70

190

395
287.5
910



Table 11. Data for ¡{y MF and FCM

Index

Ratíon
Ratíon
Ratíon
B1
B2
T1
T2

1-
4-

13-

1 (Rat = 1) - Control ration
2 (nat = 2) - Extruded canola
3 (Rat = 3) - Inlhole seed canola
Low carotene group
Carotene supplemented group
No Tramisol
Tramisol treatment

Cow/heifer

7-
10-
20-
24-
31 -
34-

B. Royal; 2 - Monarch; 3 - Norma
Patsy; 5 - S. Visigorh; 6 - J. Vísigoth; 37 _ Intanda
Laura ; 14 - Amyra; 15 - Ho1_ly
Kathyi 17 - Bebe; 18 - J. QueenVivian; 27 - J. Leona; 25 - Rosa
Lornai 29 - S. Rose; 30 - T. Bonny

Ernpress; I - Fern; 9 - Joyce
Lenorett; 11 - Lorell; 12 - Joan
Lottíe1' 2I - I,lendy; 19 - Emmeline
Lea; 22 - ArLene; 23 - Nerrie
Laniet 32 - Della; 33 - parrí
Roxy; 35 - S. Leonat 36 - Regal

Treatment combina tion

L6
26
28

81 -
81 -
81 -
81 -
81 -
81 -
B2-
B2-
B2-
B2-
B2-
82-

-T1
-T2
-T1
-T2
-T1
-T2

R1
R1
R2
R2
R3
R3

R1
R1
R2
R2

R3
R3

-T1
-T2
-T1
-T2
-T1
-T2

o\
\o
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COg/ WEEK MY MF FCM CO\./ r¡rEEK MY MF

o.749
o. 789
o.852
o. 753
o. 755
o.698
o. 805
1.262
1 .322
o. 582
o.722
o.604
o. 735
o. 795
o. 657
o.989
o.444
o. 786
o.913
o.873
o.86 r

o.687
o.881
o.904
o.7a4
o.642
o.679
o. 805
o.7 41
o.821
o.626
o.431
o. 336
o.817
o.665
o.650
o. 678
o. 621
o.679
o.66 1

o.695
o.68 r

L l94
1. 145
r.o34
1.2a7
L'to1
1.134
1.245
o.982
I.151
o. 937
o.8 ro
1.O84

FCM cow WEEK MY MF

o.980
o.772

590
567
606
690
726
64 I
80 1

805
730
300
04 1

09 I
382
974
803
93r

FCM

1

'|

I
I
1

I
1

I
1

1

I
I

2
2
2
2
2

2
2
2

?

3
3
J
J

3
3
3
3
2

ó
3
4
4
4

4
4
4
4
4
4
4
4
4
5
tr

5
Ê
q

E

J

J

4

5
6
7
I
I

lo
tt
12

1

a
2

4

5
6
7

8
I

fo
tl
'12

I

3
4
5
6
7
I
o

10
't l
t2

I

2
I

4
q

6
7

I
I

ro
tl
12

I

J
4
5

27
2A
2A
29
2A
29
2A
16
18
r8
20
f8
t8
17
t8
17
16
16
t6
15
21
21
24
24
23
a1
25
21
21
21
2l
l9
22
22

72
t9
58
to
a2
37
70
73
45
80
12
83
40
3r
93
55
86
54
99
o5
34
92
98
85
26
a2
qo

35
6l
54
57
26
92
20
69
95
87
66
50

7

I
o

to
'I 1

12
1

3
4
5
6
7
I
I

lo
'I 

1

12
f
2
3
4
5
6
7
I
I

'to
ft
12

'|

2
3
4
5
6
7
I
a

10
lt
12

1

a

3
4
5
6
7
I
I

10
tl
12

39
40
10
40
40
39
38
38
38
33
30
25
24
25
24
24
24
24
25
26
24
27
27
l8
19
'| I
20
t9
20
19
19
19
20
20
t9
34
35
36
36
36
35
34
31
3l
30
ta
2A

80
f9
55
35
58
81
o9
99
21
o2
47
8l
36
38
32
90
35
o3
42
39
20
84
o5
73
70
o6
22
23
80
58
84
64
68
46
68
90
71
78
40
98
10
75
58
98
46
23
o3
38

lo
'to
10
10
10
to
to
ro
10
10
10
ro
ff
fl
t1
11

I

3
4
5
6
7

8
9

to
11
12

1

2
3
4
q

6

8
I

lo
11

12
1

2

4
5
6
7

I
I

lo
11
12

1

3
4

5
6
7

I
I

10
11
12

o7
38
66
53
14
o4
o4
t1
84
85
o5
27
96
16
52
79
66
ol
oâ
40
88
o8
73
35
80
99
11
17
o5
o9
70
17
79
49

16
20
24
26
27

21.85
22.OA
23.08
23 .25
22 .40
20. oo
20. 55
20.7 1

o.77 1

o. 755
o. 595
o. 736
o.924
o.772
o.92 I
o.928
o. 984
1.063
r.060
1.O72
o .479
o.626
o. 697
o.674
o. 587
o. 393
o.622
o. 484
o.940
o.613
o. 530
o. 637
o. 75.|
o. 707
o.915
o.833
t.196
o.899
o. 990
o.909
o. 846
1.O18
o. 863
o.8 l7
o.775
o. 700
o .42A
o .426
o.67 1

o.667
o-665
o.688
o. 480
o.649
o. 576
o. 529
o.724
o.677
o.663
o.742
o.678
o. 785

18.25
19.41
18.75

16.29
17.37
r9. fo
22.37
22 .23
27.79
22.90
24.28
23.74
21.46
23.75
2l.62
2f .03
19.57
19.57
15.41
15. t3
18.90
19.24
13.27
19.28
15.20
f7.96
16.92
15.83
18.29
18.39
r8.48
19.93
20. 04
21.60

o.812
o.969
1.O29
o. 801

22-47
20 .26

f 9.12
20.92
17.66

30. 75
29.Or
31 . 23
32. f O
28.37
29.93
15.53
'I 5.29
17 .14
19.17
15.79
19.95
18.25
18.40
18.40
16. 11
r8.75
16.71

2
2

a

2
2
2
2
I
I

I .48
4 .99
2.53
5. 30
5 .42
6.53
7 .46
7 .55
7.62
3.74
6.72
8.02
8.33
6.35
3.3t
6.53
4 .4A
r.o3
5 .95
4.74

5
5
5
5
5
5
6
6
6
6
6
6
6
6
6
6
6
6
7
7
7
7
7
7
7
7
7
7
7
7
8
I
8
ö
8
I
8
I
I
I
I
I
I
I
I
9
I
I
9
I
I
I
I
I

26
25
25
24
22
24
37

21 .64
22.02
22.99
21 .22

ol
46
52
84
60 36

45
2l
60
o5

713
80f
636
692
640
937
835
8r8

94

19
21
aa

¿J

23
23
23
23
23
24
23
24
15
17
17
11
'I 8
l7
l7
17
17
17
17
17
36

42
69
44
o8
93
86
54
3l
86
o6
57
19
8l
30
86
o4
47
73
92
53
34
89
89
63
62

ô
o
o

o
o
o
o
ô
o
ô
o
o
o
o
ô
o
o
o
o
o
ô
1

I
I
I
o
o
o

68
25
12
oe

o2
38
o7
89

19
21
19
19
19
23
22
21

20
20
27
34
36
24
27
25
26
27
25

43
30
J¿
32
27
29
26
23
27

48
646
750
756
703
66 I

I
I

30
26
24
23
22
23
20

23
2'l
19
20
22
21
23
16
14
12
20
f8
17
18
17
t8
t8
l8
18
3t
31

38
49
99
16
67
79

o3
3l
5f
o6

17 .46
17.05
r5.66
15 .90
'I 6. t8
17.52
f7.90
'I 6.56
19. 18
l9.23
18.OO
34.15
30.98
32 .47
37 .27
31.f1
28.93

l2
t2
12
12
12
12
12
12
12
12
12
12
37
37
37
37
37
37
37
37
37
37
37
37

39
't 5
17
l9
t8
17
19
t9
18
19
18
t9
19

945
623
540
632
780
578
816
699
737

38.41
40 .26
41.36
41 .21
42.24
41.95
42.08
41 .75
41.66
40. 88

29
42
34

o
o
o
o
ô
ô

o
o
o
o
o
o

30. 06 719
586
730
60719.74

18.57
20. 58
2f.33
22.O1
23 .25
24.54

10
96
21
50
52
86
r5
76
61

!o
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MYCOI¡/ t¡JE EK MY MF FCM COW WEEK

I
2
3
4
5
6
7

8
9

to
It
12

I
2
3
4
5
6
7

8
9

10
tt
12

I
2
3
4
5
6
7
I
I

ro
11

12
1

^
3
4
5
6
7
I
I

ro
t1
12

I

2

4
q

6

71
98
53
o4
92
29
27
70
99
26
60
93
84
86
o3
68
75
55
83
47
53
96
79
66
20
44
53
8l
20
88
14
52
24
51
ot
to
29
67
40
58
3l
68
29
a7
99
22
28
32
70
o6
o7
64
58
34

34
39
39
38
42
43
41

54
32
54
38
21
34
56
46
47
70
53

MF

MF

o.830
o.8so
o. 753
o.982
o.6t9
o. 703.
o. 783
o.676
o.677
o.722
o.690
o .723
o.602
o.6r9
o. 587
o.625
o.626
o. 668
o.628
o. 559
o.622
o.616
o. 538
o.721
1 .144
o.865

22 .34
23 .54
21.9t
25.54
20. 05
20.66
22.25
21
2',|
20
2l

o.912
o. 794
r.068
o.764
r.ot7
o.828
o.781
o. 597
l.OOO
o.86 I
o. 808
o.854
r.o11
r.519
1 .457
r .578
I .464
I .263
1 .476
l. 196
I .506
1 .27 I
1.429
1 .425
o.875
o.874
o. 575
o.797
o.901
o.896
o. 665
o.929
o. 837
o.88 r
1.O84
o. 807

FCM

27 .50
27 .64
31 .83
26 .41
32.'t4
29.76
24.34
25.54
32.39
30. 39
29. t3
29 .57
31 .22
39.70
39..l1
41.12
38 .93
35.12
39.7r
35 .99
40.20
36 .60
38 .97
3A .44

FCM

MF FCM COW \,/E EK MY

l3
f3
t3
t3
t3
13
t3
t3
f3
t3
r3
13
14
14
14
14
l4
14
14
14
14
14
14
14
15
t5
15
15
15
r5
15
15
15
15
15
15
t6
r6
16
t6
t6
f6
l6
16
'I 6
16
16
16
17
17
17
17
17
17

24
26
26
27
26
25
26
27
27
25
27
2A
15
t8
20
20
21
20
22
23
22
23
21
22

17
17
17
17
17
17
l8
t8
t8
18
t8
f8
l8
18
l8
t8
t8
18
t9
19
t9
19
19
t9
t9
19
t9
.t9

l9
t9
20
20
20
20
20
20
20
20
20
20
20
20
21
21
21
21
21
21
21
21
21
21
21
21

20
14
56
79
r8
99
38
96
6t
37
l5
67
73
o2
83
o8
67
80
25
o8
96
94
68
36
98
14
t5
41
62
76

o.6 ro
o. 594
o.7 17
o.629
o.608
o.773
f.06 I
t.107
I .O32
o.821
o.907
I .451
o.876
o.949
o.6l6
r.026
o. 783
o.488
o.997
o.8f1
o.969
'I . r9l
o.896
t.ol7
o.849
1.o45
o.818
o.920

77
73
3l
o7
86
46
ro
97
32
26
27
45
50
o5
14
57
19
13
14
62
42
44
54
20
80
55

22.57
22.32
24.O5
22 .41
22. 1A

23 .76
28.92
29.7 1

29.07
26.36
27.39
36.07
27.39
27 .99
23.73
29 .49
23 .27
19.90
26.97
26.38
30.63
33. l4
29. 17
31 .27
29.21
32.12
29.28
30.92
30. 03
24.70
1A.32
17 .79
l8. 14
21.63
21 .41
l6.92
17 .O7
2r.60
21 .94
2l .91
20 .72
17.09
2f.50
21 .68
21.8A
23.66
22 .44
24.94
23 .42
24.61
25 .57
25. 17
25.35
25 .43

22
22
22
22
22
22
22
22
22
22
22
22
23
23
23
23
23
a2

23
23
23
23
23
23
24
24
24
24
24
24
24
24
24
24
24
24

54
54
21
44
66
42
53
70
96
10
48
75
62
38

2
5
6
6
7
8
I
I
7
I
I
6

2

33
33
33
32
32
30
32
32
33
35
34
35
35
34
36
35

41
41
42
42
42
38
f8
17
19
22
23
aa

22
23
23
23
23
23
23
22
23
24
25
26
26
26
28
28
26
27

1
8
I

ro
tl
12

I
2
3
4
5
6
7
I
I

ro
tt
12

I
2
3
4
5
6
7
8
9

10
tl
12

'|

3
4
q

6
7
I
o

10
1t
12

1

2
3
4
5
6
7
I
I

10
lt
12

23
26

93
42
24
36
88
o6
tË

1l
50
77
42
76

1

¿
3
4
5
6

I
a

ro
ll
12

I
2
3
4
q

6
7
I
I

10
1l
12

I
2
3
4
tr

6
7

8
o

10
11

12

23
25
22
25
27
28
24
29
27
27
3r
27

1.4
t.1
1.1
o.7
o.7
o.7
o.9
o.9
o.9

13
o3
83
83
66

41
43
43
42

45
44
43
43
42

32
34
33
34
3l

4t.88
40. t3
42 .30
43. 12
43 .60
42.44
4f.95
43.93

28 .80
31.46
30. 03
35.55
40.23
38. 18
39.32
40. 03

25
2A
32
35
36
35
36
35
37
38
37
35
29
33
37
44
43
40
44
44
43
44
43
44
27
29
3l
33
34
33

o. 852
o. 945
o. 862
o. 796
o.820
o.881
o.935
o-806
o.744
o.927
t.3f5
o.862
1.264
1 .337
o.931
o.602
r.036
r .382
I -O95
1.229
1.02 l
I .232
1.440
o.912
o.945
o. 794
o. 512
o. 380

9.87
27.24
24.35
25 .80
28.5r
27.40
26.30
26.76
27 .42
24.92
27 .52
25.96
27 .94
31.44
26 .40
33 .92
37.89
31.29
25.30
33 .26
38 .68
34.03
36.13
32 .63
36.2r
32.68
25.31
26 .60
25.36
21 .51
19.04

o.8
o.8
o.7
o.7
o.6
o.8
o.8
o.4
o.5
o.8
o.8
o.8
o.7
o.5
o.8
o.8
o.8
o.9
o.8
o.9
o.8
o.9
o.9
o.9
o.9
o.9

27 .Ol
30. 78
34.03
33.5 t
35.9r
36.56
35 .94
37.92
37.37
36.40
?o tE

39.16

col¡/ WE EK

RÂT=3

MY

25
25
aÊ
25
25
25
25
25
25
25
25

1

2
3
4
5
6
7

I
I

lo
t'l
12

35. 46
36.49
36.79
34. 19
35. 10
33.54
31.72

42
62
a7
55
44
59
74
42
t3

34 .45
31 . t9
3r.38
24.94
23.77
25.56
29 .21
28.44
27 .37
28.15
28 .91
27.63

!
ts

o.94 I
1.O33
o. 996



c0i,, hIE EK MY

26
26
26

26
26
26
26
26
26
26
26
27
27
27
27
27
27
27
27
27
27
27
27
28
2A
28
28
2A
2A
28
2A
2A
28
2A
2A
29
29
29
29
29
29
îo
aõ

29
29
to
29
30
30
30
30
30
30

178
93r
67 1

o56
053
972
963
424
894
869
943
895
249
r76
275
568
954
964
921
957
472
ooo
899
809
721
674
698
638
416
709
6A7
679
762
71A
808

83
59
52
34
27
79
99
78
72
85
72
60
6r
70
59
oo
33
l5
l8\
48
37
36
6q

30
30
30
30
30
30
3l
3l
3l
31
3t
3t
3t
3f
31
3l
31
3f
32
32
32
32
a1

32
32
32
32
32
32
32
33
33
33
33
33
33
33
33
33
33
33
33
34
34
34
34
34
34
34
34
34
34
34
34

FCM

24.67
28.61
23.Ot
24.7A
24.39
22.97
20. 38
19. t9
24.53
24.62
28 .49
21 .67
35 .60
35.82
34 .66
34.70
27 .06
33.05
3r.50
32.52
33.88

RAT=3

?o
41
43
43
41
42
40
41
43
42
4'.|
41
19
21
22
22
22
24
23
25
26
24
25
26

FCM

36 .22
33.57
36.76
39.11
38.33
36.70
38.98
32.08
32.75
37.79
3l . 16
33.11
22.89
23.61
23.17
23.86

MF

RÂT=3

FCM COW WEEK MY COW WEEK MFMY

f .350
l.135
1.297
1 .434
1 .457
r.321
1 .524
1.026
1.O25
r .380
o.966
1.O90
1.o18
1.OO3
o.94|
1.OO3
l.o16

I
2
2

4
5
6
7
I
9

lo
1'l
12

I

4
q

6
7

I
9

ro
1t
12

35

36

24
25
22
25
24
26
¿3
25

17
25
26
26
26
¿a
27
25

31
19
f9
20
21

MF

I
a

3
4

5
6

I
I

fo
It
't2

f

3
4
q

6
7
I
I

lo
11
12

1

2
3
4
5
6
7
I
9

10
ll
la

I
2
3
4
5
6
7
8
I

10
1l
t¿

I

2
J
4
5
6

93
96
68
66
14
20
56
22
91
29
71
88
t6
36
59
25
68
35

I
o
o

1

I
o
o
o
ô
o
o

1

'|

I
o
o
o
o
o
o
I
o
o
o
o
ô
o
I
o
o
o.
o,
o,
o.
o.
L
o.
ô

o.
o.
o.
o.
1.
o.
o.
o.
t.
1.
o.
l.
o.

27
23
t9
27
2A
26
26
24
24
24
25
24
30
30
29

7
I
I

10
t1
12

I
2
J
4
5
6

I
I

10
11
12

1

2
3
4
5
6
7

I
I

to
tt
12

I
2
3
4
5
6
7
I
I

to
tt
12

1

2
3
4
5
6
7
I
I

10
tt
12

94
42
25
99
17
21
32
72
44
73
66
92
o6
40
63
o4
t8
71
96
20
17
6t
49
ol

36
36
36
36
36
36
36
36
36
36
36

2A .77
30.7r
30. 55
31.36
30.65
2A .28
29 .54

2A.34
28.38
28 .67
28.38
24.61
25.03
30. 35
29 .25

35
35
35
35
35
35
1tr
35
35
35
35

39
o6
64

25
24
23

84
79
12

o.856
o.854
'I . 078
o. 976
1.OO9
o.809
o. 795
o.854
o.910
1 . 't26
o. 859
o.928
o. 9'r 6
o.84 I
o.660
o.662
o.950
o. 934
o. 973
o. 660
1.404
1 .412
t.3fl
t.3t9
o.860
I .238
t. 140
1.273
1.27 I
r.ooo
o .407
o.443
o .475
o .443
o. 483
o.408
o. 484
o .47A
o.4 10
o .454
o.5tl
o. 575
o.524
o. 519
o.656
o.659
o.724
o.680
o.60 1

o. 597
o.6fl
o.70 1

o. 799
o.725

18
16
64
99
98
't4
o7
51

24
24
27
25
24
22
24
24

28
27
29
J¿

26

ttr
25
24
25
27
27
28
2A
27

21
27
29
30
30
30
30
30
3l
21
23
24
24
24
22
23
24

17
75
55
o5
58
81
a7
17
85
58
65
43
94
13
29
t3
88
40
74
47
6t
21
85
o5
19
94

27 .56
ao aa

25.32
27 .14
26.62
25.88
26.20
23. f 5
25 .68
26.53
34.74
29.45
36.36
36.59
37 .47
37.27
35 .39
36.20
35 .97
35.97
37 .04
35. 20
11 .O7
t1.98
13.38
t4. t9
14 .64.l3.54
14.4a
14.16
13.41
14 .22
14.12
'I 3.38
14.7 1

20. 36
20. 13
22.56
23.12
24.54
24.35
24 .48
25 .46
26. 17
27 .1A
25.9r

r.060
o.829
r.o38
o.937
1.O98
1.O50
o.996

10
78
o2
65
52
31
95
34

24.6A
19.45
19.41
20.34
r9.31

53670
245
836
956
925
917
945
895
838
033
866
939

64
29
29

68
39
10
35
29
o1
60
2A
90
96
90

o7
54
44
47
32
t1

20
21
20
29
¿J

25
25
24
26
25
24
27
25
25
23
.tt

31
25

I
o

1

2
2
3
I
3
2
I
2
3
?

3
5
7
8
o
o
I

os
84
52
49
32
98
74
93
90
9l
17
o2
76

28.90
30.94
3l. t4
29. 16
29.16
29.16
31.40
3'l.46
30.10
29 .97
28 .86

7A7
397
243
884
201
947
293

18.75
19.35
20.99
22.A5
21 .25

2

1
!
N)

30

30
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Appendix ITI

Analysís of varíance tables and ra¡¡ data

for Experiment 3
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Table 1. Analysis of varíance table for serum beta-carotene andvÍtamin A concentratíon

Serum ß-earotene Serum vitamín A
Source of
var ia tion df MS F df MS F

Trt
Cow (Trt)-Error a

InIeek

Trt x week

Error b

1

18

IL7 562.8

48s9 .0

8909 .7

10065.5

735 .8

24.2 ** 1

l-8

12.11 **

13.69 ** 5

90

429.4

83. B

22I.3

2I.5

25.2

5.12 *

8.79 **

0.85 NS

5

5

5

90

* P<.05

** P<.01

NS = Not sígnífícant.



Table 2. Analysis
daÍly EaÍ

175

of variance table for inítial body weíght and average
n

InitÍal bodv we t Average daíly gain1

Source of
variation df MS F df MS F

Trt

Error

Total

1

1B

1

18

19

105. B

230.I7

0 .46NS 2sL69 .5

4303.5

5 .85*

L9

*P<.05

NS = not significant (p>.05).



Source of
variation

Trt

Table 3. Anal sr_s o f varlance table for eat

Age at pubertv

ber \¡Iea tat uber and íntensi of estrus

Weieht at pubertv Intensitv of es trus

MS F df F

952.2

1689 .3

0.56NS 4.7L

o.r2

38. 76**

df MS

4440.2

321"5.4

F

1.3BNS

df

19

MS

Error

TotaI 19

**P<.01

NS = not sígnificanr (p>.05).

1_
1

18

1

18
18

19

!
Or



Table 4. Analysís of variance table for cycle l_ength,

Cycle length ILHPO

ILHPO, area under pO lrofíle and services/conception

Area under P Services /conception4

Source of
variatíon

Trt

Error

Cow (Trt)

Error a

cyn

Trtxcyn

Error b

Total

df MS F

7 .77xx

0 .52NS

df MS df MSF F df MS F

0.llNS
L 2.65 0.49NS L 854.2 7.g7x 1

16 LO7 .L 15

18 5.39

2r2.9

150 .7

I .41NS t_

L9

1B

0 .05

0.47

2

2

29.49

1-. 99

3.7936

59 L7

*P<.05

*xP<.01

NS - not significant (p>.05).

Cyn = cycle number.

ILHPO = interval from LH peak to ovulatíon.

T6

ts
!
!



Table 5.

Source of
variatíon

Analysís
preÞuber

of varianc
ty to dav 1

e tabl-e for serum progesterone,
7 of fírst cycle

estradiol--L7ß, LH and FSH concentratíon from

Proges terone Es tradío1-17ß

df MS

8 17.6

LH

df MS

18 0.77

FSH

df MS F

231.9 **

2.3 *

F

2.4 *

df MS

18 2.2

89 0.4

2.0

6.9

2.9

F

0.7 NS

2.4 *

0 .59

0 .15

0.25

F

Trt L 0.32

Cow (Trt) -
Error a 18 0.79

Períod (Per)

Trt¡çPer

Error b

* P<.05

** P<.01

NS = Not significant.

0'41 NS r 3-7 0.2NS r 0-26 o.3NS 1 2.58 1.2NS

5

5

74.2

0. 73

0 .31

55 5 3.66 9.1 **

0.6 NS 5 0.2 0.5 NS

89

5

40

5

89

{
æ



6 oncenÈra et

1 7 4

l.Ieek Èrla1
10 t4 22 266 18

Control group

l.
)

3.

4.

5.

6.

7.

8.

9.

10.

24-80

28-80

32-80

42-80

44-80

49-80

57-80

6-81

16-81

19-81

51.2

38 .4

48

3L.2

5r.2
2.4

4r.6
20

89 .6

29.6

44

62.4

49.6

40.8

68

8.8

46.4

20

44

9'.6

6s.6

77 .6

61.6

47 .2

48

IT.2
23.2

16 .8

25.6

3.2

72.8

84.8

76

54.4

3r.2
s8 .4

23.2

14 .4

20

IL.2

76.8

124

97 .6

77 .6

11. 2

13.6

28.8

3r.2
24

6.4

73.6

133.6

57 -6

36

30.4

4

23.2

\9.2
13 .6

10.4

249 .6

35t.2

759.2

I34.4
158.4

1I7 .6

r27 .2

153.6

t94.4
I27 .2

86.4

81.6

20

17 .6

L2.8

2.4

27 .2

6.4

18 .4

24.8

26.4

28

23.2

12.8

16

14.4

16.8

14.4

s2.8

38 .4

72

37 .6

25.6

TT.2

27.2

25.6

9.6

9.6

33.6

27 .2

32

27 .2

28.8

27.2

55.2

22.4

26.4

40

32

23.2

40.8

45.6

35.2

26.4

26.4

2t.6
84.8

34.4

TL.2

42

56

5L.2

44

18 .4

20.8

48.8

37.6

126.4

287.2

73.6

83.2

266.4

48

39.2

36.8

40.8

36

8.8

24

36.8

9L.2

36

48 .8

113 .6

32.8

40

47 .2

8.8

34.4

42.4

100 .8

35.2

CaroÈene supplemented srouo
1. 26-80 52 81.6
2. 30-80 42.4 88

3. 36-80 9.6 24.8

4. 43-80 4L.6 82.4
5 . 45-80 29 .6 61 .6
6. 50-80 6.4 47.2

7. 4-81 63.2 77.6

8. 13-81 L5.2 62.4
9. 17-81 102.4 Il-2

10. 2l-81 48 33.6

4l

59 .2

s3 .6

26.4

20 .8

36

20

7.2

49.6

35.2

4r.6
x 39.7 50.4 40.3 39 .4 38 44 .6 43 .L 40 .2 29 .8 24.3 27 .g 35 37.4 36 .3 39.s

42.4

164.8

65 .6

148

r49.6

66.4

76

86.4

118.4

88.8

160

233.6

77.6

113 .6

77L.2

78.4

118.4

106.4

L23.2

97 -6

234.4

263.2

84.8

104.8

184

97 .6

r47.6

727.2

155.2

70 .4

234 .4

244.8

87 .2

148 .8

161.6

116

1r4.4

145.6

144

52.8

276

324.8

140

116

162.4

109 .6

155.2

64

88.8

190.4

255.2

266.4

68

166.4

t52

100 .8

116.8

135.2

t7L.4
123.2

308 .8

200

81 .6

209.6

196 .8

tzL.6
148.8

125.6

t74.4
r43.2

240

258.4

72

185.6

737.6

100

259.2

156

77L.2

26t.6

208 .8

268

100

272

r77.6

43.2

165 .6

248.8

234.4

246-4

160

192

89 .6

I72.8
t27.2

70.4

2t4.4

237 .6

192

702.4

17 3.6

2I5

78.4

I40
88

156 .8

2r8.4

82.4

61.6 85.6
x 67.7 100.6 t28 L46.3 t45 162.7 r77 155.5 171 t84.2 190.5 155.8 134.9 153.7 \,1

\o



Table 7

3

Ser¡n v1Èamln A concentra (uglroo nt)

Week on

10

the experlraental

22 26

t perlod

30

ÈrialHeifer

Carotene

2

29.8

4 5 6

35 .5

27 -5

27 .5

27 .5

32.5

30

20

27.5

15

15

15

35

22.5

30

30

22.5

27 .5

32.5

20

27.5

20

30

25

30

30

25

25

27 .5

20

27 .5

20

35

30

27 .5

35

27 .5

35

35

20

30

32.5

35

37 .5

35

35

25

40

27 .5

35

30

32.5

37.5

40

32.5

30

22.5

30

27 .5

32.5

32.5

40

30

40

35

22.5

20

35

27 .5

35

42.5

30

35

45

27 .5

22.5

30

27.5

25

47 .5

42.5

30

18

27 .5

45

27 .5

27 .5

27 .5

27 .5

25

55

30

20

35

42.5

30

27 .5

30

25

27 -5

30

35

25

30

42.5

35

27 .5

32.5

25

25

27.5

45

25

27 .5

50

25

27.5

30

35

27.5

27.5

37 .s

35

35

35

27 .5

30

30

47 .s
27 .5

27 .s

35

32.5

37 .5

30

27 .5

35

42.5

32.5

27 .5

35

42

32.5

27.5

27 .5

35

42.5

25

I4ConÈrol prouD

1. 24-80

2. 28-80

3. 32-80

4. 42-80

5. 44-80

6. 49-80

7. 57-80

8. 6-81

9. 16-81

10. 19-81

34

x 23.8 26.8 26
37.5 37.530.8 33.3 32.5 31.8 33.3 31.3 30.8

suPÞlemen ted
31.5 32.3 32.8 33.9 32.5

1.
t

3.

4.

5.

6.

7.

8.

9.

10.

26-80

30-80

36-80

43-80

45-80

50-80

4-81

13-81

1 7-81

21-81

25

27 .5

25

40

35

27 .5

15

25

32.5

27 .5

20

30

27 .5

45

27.5

45

20

27.5

30

25

35

30

35

42.5

35

45

20

32.5

27 .5

35

25

35

35

35

42.5

32.5

27 .5

27 .5

40

35

33.5

30

35

35

32.5

42.5

35

32.5

40

37 -5

32.5

45

35

27 .5

40

32.5

35

25

42.5

37 -5

35

27 .5

40

27 .5

35

27 .5

32.5

27 .5

35

35

32.5

35

42.5

35

35

30

27.5

35

27 .5

37 .5

27 ,5

40

42.5

27 .5

35

25

27 .5

35

27 -5

35

37 .5

50

40

27 .5

32.5

35

27 .5

30

32.5

47 .5

35

37 .5

40

30

35

27 -5

27 .5

37 .5

30

35

42.5

42.s

47 .5

27 .5

37.5

30

32.5

27 .5

35

37 .5

42.5

35

37 .5

27 .5

35

35

35

37 .5

35

32.5

35

35

22.5

25

40

35

37 .5

35

35

35

32.5

35

27.5

37 .5

x 28 27.5 27 -533. 8 35.3 32 33.3 33.3 35.8 34.3 36 34.5 32.5 32.5 ts
æ
O



Table 84. Sumnarv of rowth performance data

Ïnitial Average daíJ-y Age at
pubertv (da

181

I,rït. aÈHeifer body wt. (ke) qa]-n (sn) s) puber tv (ke)

Control grouD

24-80

2B-BO

32-80

42-80

44-80

49-80

5 7-80

6-81

16-81

19-81

133

132

t43

L72

]-52

163

L64

L54

183

130

619 .8

645.7

567 .6

602.5

699.6

727.6

670.9

79s.3

782.9

723

306

320

34s

230

280

396

4LB

344

305

351

270

204

326

258

244

324

318

306

294

280

Carotene supplemented group

26-80

30-80

36-80

43-80

45-80

50-80

4-81

13-81

17-81

21-8t

143

150

L43

L73

163

765

166

L66

155

153

690.2

678.6

872.9

768.5

807.4

690.s

734.7

7s6.r

825.2

774.3

435

263

318

255

308

318

286

333

25s

226

373

272

288

250

276

270

256

249

243

209



Table 88.

2

Monthly body wei

3 4

288
237
224
232
22I
292
2L4
247.9

ehts (ke) throughou t the experímental perJ_od

7

31_0

32]-
332
360
310
30s
297
311
370
308
322.4

330
34L
359
3s9
340
335
306
332
40L
343
344 6

343
342
315
356
310
288
302
358
362
336
33L.2

366
352
331
361
330
3L6
333
376
379
359
350.3

Month on trial
5 6 IHeifer

Control grouD

1

t_88
163
229
168
187

209
2].0
L96
269
193
L95.4

grouD

273
207
240
236
2L3
22I.8

300
259
242
254
252
294
224
260.7

24s
295
242
254
248
259
267
244
256.8

295
329
29L
270
264
277
3]-2
250
286

270
272
234
312
270
27L
295
298
270
276.9

304
3]-2
3l_1
3s4
31_1

285
269
308
343
279
307 .6

9

364
368
368
360
329
343
340
357
4ro
356
359.5

373
3s5
378
390
338
359
366

10

362
385
379
400
3s5
402
373
392

372
380

394
377
362
4L4
378
386
388

403
387 .8

24-80
28-80
32-80
42-80
44-80
49-80
57-80
6-81

l_6-81
19-81
Mean

26-80
30-80
36-80
43-80
45-80
50-80

4-81_
13-81_
17-81
21-81
Mean

Carotene supplemented

1-90
188
208
198
186
L94

253
2L2
234
234
249
255
227
237 .7

323
307
294
333
296
266
298
325
325
297
306.4

397
376
37T.L

379

Co
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Table 8C. Mean dail

l- 2

740
629

1178
1088

824

¿

810
536
786
893

1480
926

y weight gain

3

( gra¡ns /day ) throughout

Month on trl-al
4 5 6

880*
950'!c
571*

1000
57L
s36
185
9L2*
643
929

2]-4
32L
724
7L4
-36
7r4
824*
LO7

1033
900

erímental períod

B 9

970
770
32L
-36

-324
296

T2T4
833

1033
IL67

Heifer
Control qrouD

24-BO
28-80
32-80
42-80
44-80
49-80
57-80
6-81

16-81
19-81

Carotene supplemente

Èhe exp

7

690
690
770
2t4

1-070
882*
32L
750
818
879

-7r
607
393

29
963

L735
1100
1060

28L
406

750
786

-470
889

1480
L265
667

94
563
474

10

1036
536
294

1480
1353

357

867

280

990
786
620
786
9L2
882
618

900
429

1103*
800
294
926
7L*

357

750
964
586

1000*
57L
852
357
429
929

26-80
30-80
36-80
43-80
45-80
50-80
4-81

13-81
17-81
2 1-81

*Month of puberty.

d grouo

450
679
618

1000
1000*

-*
700

1500
1070

724
4L2*
265
559
607

870*
L320

759x
600
7L4
57Lx
794

1286*
1107

900

10 70
r207

600
821,
500

-L43
143

l_000
900

1182

793
286
57l-
]-79
714
647

110 7
1000
TL2O

767

229
107

L679
853
235

LO37
1100
800
s67
531

429
294

1700tìoo
730
820
964

1185
1407*

4]-2

824
964

co(/)



Heifers
Control grouD

Interval: LH peak
to ovulatíon

(hrs

Table 9. Sur¡mary of re

Area under pro-
gesterone curve

(arbitr units)

79 (2)*

89
67 .s
49
69
62
55.5
5B
Bs.5

55
69.5
50 .5
60
55

80.s (2)

production data

Mean intensity
of heaË

3.4 (5) tk

2.75 (4)
3.3 (3)
2.7s (4)

)
Services /
conceptlon

No. of ovulatl_ons
prl-or to

lst estrus

Carotene su lemen

24-80
28-80
32-80
42-80
44-80
49-80
5 7-80
6-81

16-81
19-81_

26-80
30-80
36-80
43-80
45-80
50-80
4-81

13-81
17-81
21-81

53
68
44
29
4T

51
42
34
38

ted group

4L

35
22
26
37
26
18
44
27

1
2
1
2

3
1
1
1
1
1

(7)
(4)
(4)
(4)
(s)
(s)

2.43
2.25
3.5
3.0
3.2
2.2

(2)
(2)
(1)
(1)
(1)
(2)
(1)
(2)

1
3
1
1
1
I
1
1
2

1_

(3)
(8)
(4)
(3)
(4)
(7)
(8)
(s)
(7)
(7)

0
1
2
1

0
I
2

2

0
2

5
0
1
1
1
0
1
1,

1
1

.67

.88

.75

.67

(1)
(2)
(2)
(1)
(2)

I
86
86

(2)
(2)

.5

.5
5;
66

3
3
3
3
4
4
4
3
3
3

*No. of observations.

co
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Table 10. Preovulating LH and proge sterone (P, ) profiles for all helfers - 24 hour collection at 2-hr inter-les +vals 1us additional s

A. Control grouD

Heifer 24-80
Collectíon

TÍne Hour (ne/ml

9:00pm Dl 0
2

4
2
8

10
T2

T4
L6
18
20
22
4L
6l_*
85

DL2
D15
D19
D22
D26

1:00am D2

Co1lec tíon
Time

12:O0noon Dl

2z90am D2

8 :00arn D3
l-0:00am D4

Heifer 28-80

Hour (nelm1)
Collection

4:00prn D1-

Heifer 32-80

LHLHLH

25

0
0
9
93

P
4

) (nelml
P

4
(neln1)

.73

.6s

.63

.65

.69

.73

.72

.75

.79

.76

.78

.84

.86

.9

.78

.97

.01_

.26

Time

2z9lam D2

1:00pnr D3
9:00am D4

Hour

P
4

nelnl)nelml) (
0
2

11
11

B

2
1

0
0
0
0
0
0

0. 75
0 "73

.7
t

.43

.46

0 .84
0 .91
0 .80
0.90
0.98
0. B1
0 "77
0.75
0.90
0. 75
0.71
0.77
o.73
0 .87
1. 88
7.LL
7.LL
8.66

.8

.38

L2
L4
16
1_8

20
22
24
32
44
6g*
D9

DT2
D16

3.7
L.7
1.08
0.95
0.7
0.6
0.78
0.63
0.6
0.33
0 .55
0.83
0.77
0.73
1 .05
0 .6s

0
2
4
6
B

1_0

1-2

L4
L6
18
20
22
24
4s
65*
D7

D11
DL4
D18
D2T

2.8
.85

L.4
1. 13
1.08
1 .0s
1. 35

.95
1.08
1.53

2L.0
18.
9.

.9

.91

.86

.86
I.O9
0.94

.89

.89

.99

.77

.97

.90

.84

.79

.56
2.6
6.71,
7 .87
7 .r9
I.23

0
2

4
6
I

10

.84

.0

.5

.0

.9

.5

.7

.49

1:00pur D3
10 :00arn D4

5
6
0 "59

Contínued F
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Table 10 - Contlnued

Heffer 42-80

Collection
Time Hour

7:00pur Dl

Heifer 44-80

Co1lec tion
Heifer 49-BO

IIour TãFÆTI

LH ,4
GcElt

.55

.52

.62

.49

.49

.6r

.60

.49

.55

.4L

.65

.58

.53

.56
1. 78
4.67
6 .44
5.92
L.02

Collection p
4

Gc7*1t
LH

TnsTnit Time

9:00pm Dl

1:00arn D2

10:00arn D3

L.4
.36
.48

3.3s
.43
.65
.95
.93
.53
.6s

Continued

,4
lãtnlt

6.24
5.37
5.76
6.48
5.31
6.22
4.97
5.78
5.28
5.31
6.82
4.s9
4 .81

LH

1:00arn D2

11:00a¡r D3

0
2

4
6
B

10
L2
L4
T6
18
20
22
24
40*
D6
D9

D13
D16
D20

Hour

0
2

4
6

8
10
T2
L4
16
18
20
22
4Lx
62
B6

DL2
D15
D19
D22
D26
D29

0.9
1.08
)q
0.95
1.15
3.25
0. 75
1. 15
1.08
0 .88
0.88
r_.05
1.03
0. 88
0.78

0.74
0.75
0 .63

1.1
.7
.8

0.67

2.6
2.L
4.5s
5.0
B.s
5.25
3.4

I.2L
0.93
1 .15
1 .13

1.68
L.4s
L.63

Time

9 :00pm Dl-

1:00an D2

1:00pm D3

0 .54
0 .59
0.67
0 .58
0 .61
0.60
0.66
0.67
0.s9
0 .48
0.60
3.25
3.92
5"0
2.33
0.74
1.52

0
2

4
6
I

10
L2
L4
16
18
20
22
38

co
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Table 10 - Continued

Ileifer 57-80

Collection
Tfine Hour

9:00am Dl

Heifer 6-81 Heífer 16-81
LH P

4
(nglml

Collection P
4

(nelnl)

.79

.83

.77

.85

.92

.69

.64

.55

.60

.64

.48

.59

.60
I.27
3.85
3.78
4.63
3.59
0.19
1.50

Col1ec tionLH LH

Tíme

2:00pm D1

2:00am D2

10:00an D3

(neln1)

0.93
0 .83
0.8
0 .98
1 .05
1.05
1_.1
1.ls

Time

l-0 :00arn DL

2:O0am D2

10:00arn D3

Hour

10 10
L2 39
74 32
L6B
182
20 1_

22
24
31
4g*
D7

D10
D14
DT7
D2L
D24
D28

/rnl) (

P
4

/r-L)

.95

.74
1.0

Hour

0
2

4
6
I

10
T2
T4

1:00an D2 L6

r.25
.95
.83
.63
.63
.63
.6
.5
.32
.45
.5
.5
.6
.58
.83

.43

.44

.51

.42

.39
o

.45

.4s

.54

.46

.50

.54

.4L

.59

.62
L.66
3.44
3 .84
6.O4
6.34
5.74
7 .25
2.32
o.37
0 .19

0
2
4
6

B

10
L2
L4
L6
18
20
22
24
44*
D6

D10
Dl_3
DL7
D20
D24
D27

36 .0
3s .0
13. 5
3.3
1.8
1_. 1_5

0
2
4
6
I

1.3s
2
3
1
I

.68

.3

.05

.5

.38

.25

.0*

.0

.5

.6

.23

18
20
22
24
35
49*
D5
D7
D9

D11
D13
D15
D17
D19
D2L
D23

69

.88

.85

.83

.7

.69

.59

.80
1.09

.79

.75

.67

.58

.64

.53

.58
2.98
5.s5
6.79
5.79
4.33
0.67
1 .40

10:00am D3

ts
æ{

Continued



Table 10 - Contínued

Helfer 19-81

Collection
Time Hour ng

10:00am Dl

LH

0
2
4
6
I

10
L2
L4
16
1_8

20
22
24
47*
D5
DB

DT2
D15
D19
D22
D26
D29

ng

.75
1 .03

.92
1.93
1.91

,4

.09

.02

.23

.70

.76

.93

.17

.27

.39

.35

.22

.4s

.05

.38

.0

1.0
2.0
1.3
2.6

52.5
25.0

.23

.9

.15

.9

.98

.63

.58

.53

1
1
2

I
2
I

7

085
1
1

9:00an D3 1
1

4
7

7

7

1
0
2

Continued .
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Table 10 - Contl-nued

B. Carotene s lemen

Heifer 26-80
Collection LH

ted group

P

Heifer 30-80 Heifer 36-80

4 Collection LH P Collection LH
,P

4 4Time

9 :00prn Dl

1:00arn D2

1:00pm D3
10:00an
10:00pm

IIour

0
2

4
6
I

10
I2
L4

1 .05
1.03
r.23

.95

.1

.0

.05

.03
o

.0

.15

.73

.69

.74

.7L

.64

.69

.65

.67

.50

.60

.70

.81

.s4

.62

.55
2.97
5.2
6.49
s.49
1.08

.2I

.73

.7

.7

.78

.68

.6

.8

.58

.7

.78

.6
1.75

.95
o

7 .42
7 .46
7 .33
7 .84
7 .33
7 .63
7 .04
6.89
7.18
6.38
7 .46
6.59
3.7L
I.22
1.03

0
2

4
6
8

10
L2
T4
16
18

22
41*
62
86

DL2
D15
D1_9

D22
D26
D29

0.6s
0.64
0.69
0.69
0.58
0.58
0.48
0.40
0 .60
0.50
0 .48
0.50
0.55
0 .54
0. 75
6.30
4.86
8.56

.30

.26
2.L2

/nL Hour

0
2
4
6
8

10
L2
1_4

L6
18
20
22
4!
62
86

rn1Tíme

9 :00prn Dl

1:00arn D2

1:00pn D3
10 :00arn D4

Time

9 :00prn Dl

1:00an D2

1:00prn D3

IIour /nl /mI
17.5
10 .3
3.9
2.0
1.1
1.0
0. 38

I6

l_

L
1
1

1
1_

2
1
2
1

0.63
4.73
0 .63
0 .95
0.8
0.5
0.73
0.47

Continued

18
20
22
4L*
62
86

DT2
D15
D19
D22
D26

20.1
.65
.4
.03

æ
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Table 10 - Continued

Heifer 43-80
Collection

Time Hour (ng

10:00am Dl 0
2

4
6

8
10
12
L4
L6
18
20
22*
34
46
D5
DB

D]-2
D15
D19

2:00asr D2

Heifer 45-80

Hour (nglnl)

Helfer 50-80
LH

1_.5
1.48

.73

.83

.75

.78
l-.08
1.3

.78
1.08

.75

P
4

(ne/

.66

.49

.58

.s4

.56

.54

.56

.67

.64

.53

.58

.54

.4I

.66
1.55
3. B1
s.46
7 .89
2.33

0
2

4
6
I

l_0

L2
T4
16
1_8

20
22*
24
36
D6
D9

D13
D16
D20
D23

1 .55
l-.28
1.6
1.03

.83

.73

.88

.63

0
2

4
6
B

1_0

L2
L4
16
18
20
22
39*
D6

Dl_0

Dl3
Dl7
D20
D24
D27

ml) Tirne

Collectíon

10 :00arn Dl

2z90am D2

9 :00arn D3

LH P
4

(nglinl)

.49

.49

.48

.48

.37

.52

.46

.34

.39

.22

.27

.34

.4L

.81
2.23
4.6
7.r
5.54
0 .85
r.49

Time

Collection

7:00pn Dl

I :00arn D2

10:00an D3

Hour (nelml)

52.0
s0.25
11.5
5.0
1.8
l_.05
1.08

.37

.7

.83

.73

.73

.9

P4

("c7.1t
.63
.63
.55
.66
.59
.51-
.57
.46
.s4
.45
.43
.51
.39

L.L2
3.86
3.98
3. 68

.43

.69
3.26

LH

8.0
4.9
2.95

8:00am D3

.B

.93

.7

.8
1.0
1.5

Contínued ..
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Tab1e 10 - Continued

Heifer 4-81
Collection

Ileifer 13-81 Heifer 17-81
LH P

4 Collectíon
LH4

LH P Collection P
4Tíme

10:00aur Dl

2:00am D2

9:00am D3

Hour

0
2
4
6
I

10
L2
L4
L6
1B
20
22*
24
48
D5
D8

DL2
D15
Dt_9

D22
D26

m1 Time

9:00am Dl

1:00arn D2

10:00am D3

2:00pm Dl 0
2

4
6
I

10
2:00am D2 L2

I4
16
t_8

20
22
24
30

12:O0noon D3 46x
D4
D7

D11
D14
Dl8
D2L
D25
D28
D32

3.3
2.2s

.58

.55

.49

.6

.s8

.68

.83

Continued

Hour m1 Tímen Hour lm]. m1
2.6s
1. 35

.95
,78
.B

1.05
.95

o

.7

.63

.8

.63

.63
l-.03

.76

.64

.58

.46

.52

.56

.43

.46

.43

.50

.46

.57

.40

.s4
L.96
5.87
6.02
5.87
0.64

.38
4.43

0
2
4
6
I

10
12
T4
L6
18
20
22
24*
31
49
D6

D10
D13
D17
D20
D24
D27
D31

2.05
2.35
5.5

23.0
L7.5
5.75
2.9s
T.2B
1.13

.88

.75

.63

.68

.83

.65

.38

.38

.46

.54

.62

60

L.45
.95
.83
.7
.6
.6

.51

.69

.58

.62

.55

.52

.70

.50.50
.45
.49
.75
.37
.54
.44
.70

.70

.60

.s4

.64

.44

.63

.72
0.52
2.6
6.7L
5.57
7 .07
0.96
0.36
0.68
2.03

1.89
4.LL
4.L7
4.s7
3.97
0. 39

.93

0. 78
244

H
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Table 10 - Continued

Heifer 2L-8L
ColLection

Tíme Hour (nelnl)
11:00am Dl

LH P
4

1:00arn D2

10:00am D3

0
2

4
6
I

10
L2
1"4

L6
18
20
22x
3s
4B
D6

D10
D1_3

Dl7
D20
D24
D27

.93

.95

.98
1.08

.93

.95

.95

.88

.83

.88

.9
1 .08

.95
1.18

(nelml)

.63

.62

.62

.52

.53

.75

.70

.57

.56

.79

.61

.7L

.87
L.04
2.40
6 .33
5 .08
9.05
7 .23
0.69
1.68

*Day of ovulation based on palpation.
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Table 11. Proges terone profíLes for all cycles in which bLood samDles r¿ere taken everv other dav
Cycle

Heifer ll

Control ErouD

24-80

32-80
il

42-80
il

44-80
49-80
5 7-80
6-81

lt

16-81_
t-9-81

lt

26-80
30-80

It

36-80
tt

43-80
45-80

n

4-8L
t?

17-81
n

21-81
t1

of c1e
10 11 L201 2345 6789 13L41 16 L7 -2-10

6.49
8.04
6.57
8.9
6.18
5.79
3.99
6.34
5.97
5.09
4.89
4.52
5.sB
6.434.23

.463
5
3
5
3
2
1
1
2

2
2

2

4
2

1
2

3
4
2
3
l_

1
3
3

4
I
3
4

.58

.4L

.8s

5
4
3
5
6
7

2

4

6
1
2
2

3
1
2

3
2
3
2
3
2
3

.32

.53

.72

.31

.34

.54

.91

.25

.37

.22

.1_6

.31

.28

.3

.,

.05

.34

.42

.01

.76

.99

.48

.s4

.4I

.97

.04

.11

s.44
6.r9
6.03
6.57
5 .06
4.54
3.92
3. 6s
3. 38
3. s9
3.26
3. s9
5.3

3.77
L.T4
4.38
1.88
3.29
3.22
2.67
4.6
4.69
5.87
2.02
3.47
4.86
2.98

6.19
7 .42
6.30
6.44
6.0s
4.2L
3.18
3.32
4.3s
4.37
2.93
4.49

5.77

5.2
4.01
7 .5L
4.93

.L4

.2r

50
85
25

8.66
8.66
7 .87
7 .87
8.88

s .48
4.6s
5.55
s.74
5.54
6.77
6.97
6.6I

7 .5L
5.O7
s.4L
6 .58
6.35
6.22

.2

.B

.45

3.95

7.73
8.04
7.20
7 .87
7.56

5.75
5.07
6.05
5 .61
4.83
s.02
7 .78
9 .00

8.1_4
6 .03
4.93
6.L2
4.33
5.L4
s.s4
6.85
4.07
6.37

7 .55

5.9
s.93

8.56

4 .8s
6.L3

5.7L

3.7L

2.L4

4. 83

q.n

.96
2.78

.89

.86

.66

.58
2.84

r,27
.66

1.91
L.37

.57

.69

.50

.53

.6

.31_

.56

.54

.3

.59

.32

.53

.L6

.29

.22

.3

.27

l-.55
2.s4

.92
2.5
1.9

.89
L.72

.85
1.11

.88
L.43
1.16
1.08

.37

ted group

1-. 02
.66

L.72
1.06

.86

.37

.81
l_.18

.59
1.63

.37

.69
r.99
1. 38

257

L.57
.o4 .38

1 27
32
45
79

1

L.7

Carotene s lemen

.96

.44

.6I

.82

.64

.34

.74

.36

.39

.24

.35

.47

.38

.26

2.L0
I.22
3.82

s .51- s.88 5.88 5.88

.55

.75

L.24
.6L
.2
.64
.31-
.29
.36
.78
.24
.29
.47
.28
.26
.37

I.23
1.51

.91
3. 04
T.T7
4.89

.78
1.51
4.78
2,28

7 .29
7 .42

6.88
4.O4

.20

.t

.L4

.39

3.9L
4.86
4.3
6.04

5
2

5
4
7 L7

6
5
4
4
3
5

03
20
7

46
s8
06

I
3
5
5

4.3
.96
.3

.65

.57

.53 \o
L.)



Îáble 12. Seor proSeôteronc proftle fril 2l

.56

.56

.37
l.2E

.50

2.97

daya prfor to flrát owlarloE throußh the ffrst eBtrous cycle

lktf€r -21 -20 -I9

24-80
2E-80
32-H)
42-80
44-æ
49-80
57-E0
6-Er

16-81
t9-tt

:tL:17 -¡6 -I5 -14 -13 -12 -rr -10 -.9 -8 _7 _6 _5 _t _1

D6y frø fl¡at owlatloû

-2-1012i¿s6

1.55 5.44

3.59

tl

4.O4

7,13
5.26
7.19

5.O2
6.O4

.75

.o1

.64

6.12
4.46
3.3t
4.24

3.71 2.54
1.81

17

.53
-72
.4
.t4
.59
.66
.t2
.53
.22
.26

.80

.61

.42

.29

.74

.21

.39

.14

.35

.

41

.96

.36
2.A4

.32

.32

.66

.69

,42

.17

-l o
Cooarol iroup

.38
L.72

.29

.tl

.22

.17

.95

.52

.58

.52

.74

.15
,t3
.09
.23
.23

.58

.4L

.46

.27

.22

.12

.21

59
lo

.84

.63

.¡4
,29
.30

.32

.tt

.50

.22

49
33
29
14
2t

23
l7

l5

.46

,33

.2t

28

.69
,35

.62

.13
,26
.E5

2.28
r.23

.32

.63

.37

.89

.91

.25

.32

.19

.31
,65

65
4tt
E9
34
45
32
14
37
44
1t

t.46
1.8
4.93

2.75
6.16
3.22

6.19 6-49 8.66
4.63
7 .53

.48
,13

,28

t9

26

.8
I.2L

1-O8

.89

.75

.27

.74 .65
t.21

.95

.21

.t3

.47
1.E3
1.12
2.4

L.72
.85

2.89

2.05

t.16
1.99

3.92
3.65

3. rE
3.32

4.13
3.99
6.14
5. 19

3.17
2.L
4.06
3.08
5.87
4.Ai
5.99
5.36

5.48
4.65 7 25

1.9
t.2a
1.39

1,32

.67 2.O4

1.12
1.06

.39

.81

.48

.59

37

77

1.16

4.47
2.141.63

2,97
.11

4,49 4.52

ka¡ .55 ,3{l -t .44 .3t .16 .23 .2a .33 .48 .ls

r.39
.66

.42

72 .66 1.76 1.15 .83

6.11
3.21

48 1.32 2.47 2.4L 4.15 3.7 4.3 5.21 5.4 6.39 6.09 1.2s 3.71 .96
C€ro!€æ auDDlcErt.d erûD
26-80
30-8{r
36-E0
43-E{¡
t5-w
$-80
¿-El

13-E1
17-E1
2r-El

.3.66
.39 .41

.45

36
-47

l.0E
53

.35

.2r

.2t

.45

.76

.11

1.7E

.72

1.05
3.42

1. 15

3.71
l-22

1,51

1.9¿

1.14

3.22

2.48

5.57

4.52

3.58

6.52
5.41
3.3
5.52

4.01

4.2L

5.94

6.5E

4.59

3.96
.6 .72

t.t4
1.29
1.05

.85
1.96
1.96

.E9
1.59

.94

.36
25

2E
2E
29
t2
25
l5

.66

.37

.59

l6

16.16.07.15.19

4.6

3,16
5.98

4.84 4.6 3.16 .54

2.61
2.18
t.f7
2.57

lreen .33 .óó .19 .27 .2f .65 .O7 .S .21 .16 .23 .43 .4L .45 .53 r.7E .6 1.76 4E .54 2.2a 2.1 2.28 4.92 4.rt 4.39 5.1

\o
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Table 13. Summary of cycl-e l-ength daËa

Length of Lst Length of 2nd Mean length of sub-HeÍfer 1e e

18

L7

2T

1B

18

20

20

2T

27

25

L9

20

18

20

22

24

1B

20

2L

20

20

20.3

se uent 1es da s
Control group

24-80

2B-BO

32-80

42-80

44-BO

49-BO

s7-80

6-81

16-81

19-81

Mean

2T

19

19

15

1B

2L

t_8

15

L9

1B

18. 3

21.5

19.5

20

18.9

20

L6

20

20.4

2T

22

19.9

(a¡ *

(4)

(4)

(e)

(4)

(1)

(2)

(s)

(3)

(6)

9

Carotene supplemented grouD

26-80

30-80

36-80

43-80

45-80

50-80

4-8r
13-81

1_7-81

2L-BT

Mean

15

13

15

2T

L7

20

18

2T

20

2T

18. r_

20.3

20.5

20.8

L9.6

2L.3

2I.3
19 .1_

23.7

2I.5
2r.8

2L

(4)'r
(8)

(6)

(s)

(6)

(3)

(7)

(3)

(6)

(10)

*Number of observatíons.



Table 1/r. Mean serum sterone concentra tion /mL from b nnin of trial to
Beginníng of
trial to -Ð22 -D21 ro -D8 -D7 to -Dl (Puber tv) D0

L7 of first

D1 to D8 D9 to D17

.e8 (2)

.64 (2) s.es (1)

e

Heifer
Control grouÞ

24-80
28-80
32-80
42-80
44-80
49-80
57-80
6-81

16-81
19-81

26-80
30-80
36-80
43-80
45-80
s0-80
4-81

13-81
17-81
21-81

.63

.38

.¿t

.26

. l-3

.26

.34

(3r) *
(4s)
(:s¡
(11)
(tz¡
(s8)
(s3)
(34)
(31)
(sz¡

.22

.49

.16

(4)
(4)
(4)
(4)
(6)
(4)
(4)
(4)
(4)
4(

.44

.92

.43

.22

.51

.14

.22

.L4
1-7

.58

(4)
(4)
(4)
(7)
(4)
(4)
(4)
(7)
(4)
(4)

1

I

.77 (2)

.43 (2)

.8 (2)

.88 (2)

.0e (4)

.6e (3)

.6 (2)

.7 4 (2)

.7 4 (3)

.83 (2)

.1_6

.63

.2L

.04

.7

.53

L6
28

1
1_

2I
83
15

6.65 (.4)
4.es (2)
7.36 (2)
4.73 (L)
s.07 (3)
s.83 (4)
s.e2 (2)
4.04 (1)
5.44 (3)
6.04 (1)

(2

3.77
4.8s
4.26
3 .68
5 .06
4.83
4. s8
5 .68

(4)
(2)
(4)
(2)
(3)
(2)
(2)
(2)
(2)

.76

.97

.33

.37

.69

.57

.80

.s4

.05

4
l_

3
2

2

1
4
3
2
4

(2)
(3)
(2)
(2)
(2)
(2)
(2)
(2)

(1)
(4)
(2)
(3)
(2)
(1)
(2)

.32

.63

.34

.89

.91

.25

.32

.L9

.31

.65

55
06
65
45
26
0
05

4
2

5
3
2
2

3
2

3
1

(4)
(2)
(2)
(2)
(4)
(4)
(2)
(2)
(4)

x .31 (36s)

lemented grouÞ

46)
26)
37)
18)
33)
4r)
2L)
40)
11)
3)

.3e (276)

.3e (42)

.18

.25

.13

.24

.37 (46) L.76 (23)

L.r3 (24) .48 (10) 3.04 (28) 5.6 (23)

(2)
(4)

Carotene

.68

.64

.47

.4L

.47

.53

.65

.46

.48

.57

.23

.29

(
(
(
(
(
(
(
(
(
(

2

1
2
0

1
1_

1

.65

.44

.89

.34

.45

.32

.74

.37

.44

.7L

10
.1_3

.27

.24 .2L
X .48 (10) 3.L7 (2s) 4.27 (r8)
*Number of samples

H
\o
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Table 15. Mean
firs t

serum estradiol-l7ß concentration (pg/ml) from begÍnning of rríal ro Day (D)17 of

Heifer
Control group

49-80
57-80
6-81

16-81_
19-81

1e

Beginníng of
trial to -D22

(5s) *
(48)
(:+¡
(30¡

-D21 ro -DB -D7 to -Dl

3 (3)

4.r
5.2
6.8
5.0
6.9

4
4
7

I
5

(3)
(2)
(2)

2

7

9
6

3

.93

.65

.9

4.0
6.3
8.7
4.8
4.L

.7

.65

.4

.35

.63

(4)
(4)
(4)
G)

4.s
7.L
9.4
8.6
4.r

(Puber tv) oo Dl to DB

(4)
(2)
(2)

D9 to D17

2.98
6.6
5.6
5.28
4.8

(4)
(1)
(2)
(4)(30

x s.s8 (200)

Carotene s lemented

50-80
4-81

13-81
17-81
2L-87

(41)
(21)
(40)
(11)
(3)

s .14 (11_6)

4

s.9s (20)

s.72 (23)

2

6.7s (r2)

.6s (2)

.3s (2)

.3s (2)

.es (2)

.65

.ss (4)

.25 2

s.6 (s) 6.26 (14) s.os (12)

r_1.0 ( 3)

1

13.
4.
3.
5.

9.7
5.05
4.7s
3 .95
2.95

8.2
3.2
3.6
3.5
3.3

5
68
1

4
5
3
3
3

4.s0
9 .8s
6.24
3.83
4.2

(2
(2
(4
(2

25

5.6
7.8
4.5
4.9
2.9

(4)
(4)
(7)
(4)
G)

(4)
(2)
(2)
(2>
(2)

)
)
)
)

(2)

4.le (10) 4.36 (s) 5.28 (L2) 7 .5 (13)
x

*Number of samples.

ts
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\.1



Table 16.

Helfer
Control grouD

Mean serum LH concentrat froro beglnning of trial to Day 17 of. flrst cycleion (nelml) (D)

24-8A
2B-80
32-80
42-80
44-80
49-80
5 7-80
6-81

16-8L
19-81

26-80
30-80
36-80
43-80
45-80
50-80
4-81

13-81
l_7-81
21-81

Beginnlng of
trfal to -D22 -D2l- ro -DB

L.L4 (42)

-D7 to -Dl

.re (2)

.s1 (2)

.4s (2)
'82 (2)

L.O7 (4)
.3e (3)
.7r (2)

1.24 (2)
3.s6 (3)
I.37 (2)

1.03 (24)

.73
L.02

.96
l_. 13

.66

.88

.61
1.03

.89

(:r¡ *
(4s)
( 38)
(1r¡
(zz¡
(sB)
(s:¡
( 34)
(:r¡

.26

.77

.52
36
38

1
I
1
1

.85

.79
L.O2

.88
L.57

.31 (4)

.64 (2)

.22 (2)
1.33 (2)
.78 (4)
.4L (4)
.43 (2)
.e3 (2)
.63 (4)
.8 (2)

.L4

.75

.53

.45

.63

.35

.45

.8

.58

.6

(4)
(4)
(4)
(4)
(6)
(4)
(4)
(4)
(4)
(4)

.23
L.25

.55

.7L

.82

.91

.6

(2)
(3)
(3)
(4)
(2)
(4)
(2)
(2)
(2)

L21

83

(Puber

2

1

1

ry) D0 Dl- to D8 D9 to D17

.e3 (10) .6s (28) .7s (23)

(4)
(2)
(2)
(1)
(3)
(4)
(2)
(2)
(4)
(1)

.33

.3

.28
r_.88

.65

.45

.64
1.5

.89

.58

4
2

3
2
2

3
2

)
)
)
)
)
)

(
(
(
(
(
(

1
1

x

Carotene sup

1.

.8e (36s)

emented group

(40¡
(26)
(3t¡
(18)
(33)
(4r¡
(2L)
(40)
(11)

pl

.18
r.74

.69

.74
1.6

.9

.97

.93
L.49

.63

(s)
(4)
(4)
(7)
(4)
(4)
(4)
(7)
(4)

.35
1. 39
L.97
3.48
L.2L

.75
1. 18

.84

.89
1.07

44
85
85
77
07
9B
84
87
75
7t

1)( .38
.58
.6s

.2

.55

.7

.75

.l_

.65

.23 (L)
2.2 (2)

I
I

(4)
(2)
(3)
(2)
(2)
(2)
(2)
(2)

1.8
.74

1.35
.6

1.65
1.18

.57
1

3

.9L (276) L.3r (47) .9e (22) .84 (10)
224

.57

.79
x

*Number of samples

.76 (26) 1.1s (20)

È¡
\o
co



Heffer
Control qrouD

Begfnning of
trfal to -D22

Table 17. Mean serum FSH concentration /nl frorn b r_nn of trial_ to

-D21 ro -D8 -D7 to -Dl (Puber ty) D0

17 of ffrsr 1e

Dl to DB D9 ro D17

24-BA
28-80
32-80
42-80
44-80
49-80
57-80
6-81

16-81
19-81

1
2
2

1
1
3
3
2
2
2

.s8

.52

.57

.98

.87

.04

.47

.3s

.94

.47

(sr) *
(4s¡
(34¡
(n¡
(zz¡
(s8)
(s3)
(34)
(31)

.88

.48

.73

.78

.1

.9

.9

.5

.18

.5

.5

.35

.15

.7

(2)
(2)
(2)
(2)
(4)
(3)
(2)
(2)
(2)

.65

.68
1
3
l_

2
2
1
3
1
3
3

(4)
(4)
(4)
(4)
(6)
(4)
(.4)
(4)
(4)

1
1
t_

2
2

1
2
1
3
2

L.7
3.2
2.0
2.5
2.3
2.5
2.3
r.4
2.8
3.1

l_

1
1
2

3
1
3

1
I

(4)
(2)
(2)
(1)
(3)
(4)
(2)
(2)
(4)

L.2
L.2
L.4
3.l-
L.L7
1.3
2.35
2.L5
1.95
1.6

(4)
(2)
(2)
(2)
(4)
(4)
(2)
(2)
(4)

15
48

.0

.9

.2

.3

05
9
1
I

2
78
33
5 4 2

l_2
x

Carotent

2.44 (36s) 422.6 (

2.26

5 .09

3.95
L,7
4.78
3.23

) 2.oB (23)

4.6 (2)
z.rs (2)

2.36 (22)

2.38

2.7 2

2.0 (2)
3.2 (4)
1.3s (2)
2.7s (4)
L.6s (2)
2.33 (3)
2.7 (2)
r_.8 (2)
2.s5 (2)
1.ss (2)

L.7e (28) L.74 (25)
tedemen

26-80
30-80
36-80
43-80
45-80
50-80
4-81

13-81
17-81
21-81

2,
2.
2.
4.
2.
3.

13 (46)
77 (26)
3s (37)
06 (18)
24 (33)
22 (4L)

2.3
2.s8

1.98
2.95

(s)
(4)
(4)
(7)
(4)
(4)
(4)
(7)
(4)

1.3 (1)
2.78 (4)
1.0 (2)
L.77 (3)
2.5 (2)
2.0s (2)
3.35 (2)
2.0s (2)

L.2

.8
2.57

l_.9
2.O
1.5
5.2
L.l_
1.8
2.6
2.9
4.5
3.7

.85
2.5
1.9s
2.L
2.0

.75

(1)

(1)
(3)
(2)
(3)
(2)
(1)
(2)
(2)

3.84 (.2L)
2.L (40¡
3.11 (11)
2.33 (3)

2.82 (276)
(

x 3.08 (4t¡ 2.r9 (2s) 1.63 (17)

*Nunber of samples.
H
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