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ABSTRACT

Cal ving ra tes af ter first in se mi na ti on are of ten less than 50% in prac ti ce. Part of this low per cen ta ge might be

ex plai ned by wrong ly ti med in se mi na ti ons. Our hy po the sis is that it is bet ter to time in se mi na ti on ac cor ding to

ovu la ti on in ste ad of ac cor ding to be ha vi o ral es trus, but up to now it has not been pos si ble to pre dict the time of

ovu la ti on in prac ti ce. So, to bet ter time in se mi na ti ons in prac ti ce, the re is a need for pre dic tors of ovu la ti on time.

The re fo re, the re la ti ons hip be tween va ri ous es trus cha rac te ris tics and time of ovu la ti on was stu died to in ves ti -

ga te whe ther the se cha rac te ris tics could pre dict time of ovu la ti on. First stan ding heat was dis play ed 26.4±5.2h

be fo re ovu la ti on. The in cre a se in num ber of steps du ring es trus pre dic ted the time of ovu la ti on (29.3±3.9h) best.

The next ques ti on was: What is the best time for in se mi na ti on re la ti ve to ovu la ti on? When this time is known, an

in se mi na ti on stra te gy can be for mu la ted. It was found that in se mi na ti ons per for med 24 to 12h be fo re ovu la ti on

re sul ted in the hig hest num ber of good qua li ty em bry os at Day 7. This me ans that the op ti mal stra te gy is to in se -

mi na te 5 to 17h af ter the first in cre a se in the num ber of steps. This stra te gy will re sult in op ti mal ti med in se mi na -

ti ons re la ti ve to time of ovu la ti on.

SA MEN VAT TING

De af kalf per cen ta ges na de eer ste in se mi na tie zijn vaak min der dan 50%. Een deel van dit lage per cen ta ge zou ver -

klaard kun nen wor den door een sub op ti maal in se mi na tie tijd stip. Onze hy po the se is dat het be ter is om het tijd stip van

in se mi na tie te be pa len aan de hand van de ovu la tie in plaats van het bronst ge drag, maar tot nu toe was het niet mo ge lijk

om het mo ment van ovu la tie in de prak tijk te voor spel len. Om het in se mi na tie tijd stip nauw keu ri ger in te schat ten, is er

be hoef te aan een ma nier om de ovu la tie te voor spel len. Daar om wordt de re la tie tus sen de ver schil len de tocht ken mer ken en

het ovu la tie tijd stip be stu deerd, om op die ma nier te on der zoe ken of deze tocht ken mer ken het ovu la tie tijd stip kun nen

voor spel len. De eer ste staan de tocht werd vast ge steld op 26,4±5,2 uur vóór de ovu la tie. De ver ho ging in het aan tal stap -

pen tij dens de tocht voor spel de het tijd stip van de ovu la tie (29,3±3,9 uur la ter) het best. De vol gen de vraag is: wat is het

op ti ma le tijd stip van in se mi na tie ten op zich te van de ovu la tie? Wan neer dit tijd stip be kend is, kan een al ge me ne in se mi na tie -

stra te gie ge for mu leerd wor den. In een on der zoek werd het groot ste aan tal embryo’s van goe de kwa li teit ge von den bij

in se mi na tie 24 tot 12 uur vóór de ovu la tie. Alles bij el kaar ge no men be te kent dit dat in se mi na tie 5 tot 17 uur na de ver -

ho ging van het aan tal stap pen de op ti ma le stra te gie is om koei en drach tig te krij gen.

INTRO DUC TI ON

For con cep ti on to oc cur, in se mi na ti on must take pla ce

at the cor rect sta ge of the cow’s es trous cy cle. Suc ces sful

fer ti li za ti on gre at ly de pends on the in ter val from in se mi -

na ti on to ovu la ti on. When cows are in se mi na ted too ear -

ly, the sperm are aged by the time ovu la ti on oc curs and

they can no long er suc ces sful ly fer ti li ze an ovum (Hawk,

1987). When in se mi na ti on ta kes pla ce too late, fer ti li za -

ti on and for ma ti on of a vi a ble em bryo may no long er be

pos si ble be cau se of the ageing of the egg (Hun ter and

Gre ve, 1997). In prac ti ce, ho we ver, it is not pos si ble to

pre dict the time of ovu la ti on.
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Many ex pe ri ments have stu died the ef fects of the ti -

ming of in se mi na ti on ac cor ding to es trus (e.g Ma atje et

al., 1997; Dal ton et al., 2001), but know led ge is scar ce

about the ef fects of time of in se mi na ti on re la ti ve to the

time of ovu la ti on on fi nal preg nan cy re sults. So, to come

up with an op ti mal in se mi na ti on stra te gy that will achie ve

high cal ving ra tes for dai ry catt le, pa ra me ters must be

es ta blis hed that can pre dict the time of ovu la ti on, and the

opti mal in se mi na ti on-ovu la ti on in ter val must be as ses sed.

In se ver al ex pe ri ments (Roe lofs et al., 2004; Roe lofs et

al., 2005bc; Roe lofs et al., 2006) a num ber of pos si ble

pre dic tors of ovu la ti on time were stu died. In this over -

view, we dis cuss the ap pli ca bi li ty and qua li ty of the va ri ous

ovu la ti on time pre dic tors, na me ly  vi su al ob ser va ti on, ac ti -

vi ty me a su re ment, hor mo ne pro fi les, va gi nal mu cus

con duc ti vi ty and body tem pe ra tu re. Sub se quent ly, the

op ti mal ti ming of in se mi na ti on re la ti ve to ovu la ti on is

dis cus sed. Last ly, the best pre dic tors of ovu la ti on time

are com bi ned with es ti ma ted cal ving ra tes as a func ti on

of the in ter val be tween in se mi na ti on and ovu la ti on to ar -

ri ve at a prac ti cal in se mi na ti on stra te gy that maxi mi zes

cal ving ra tes.

POSSIBLE PREDICTORS OF OVULATION TIME

For a pa ra me ter to be use ful as a pre dic tor of ovu la ti on

time, se ver al prer equi si tes need to be met. The pa ra me ter

should have a small va ri a ti on in time to ovu la ti on, and the

me a su re ments should be easy to car ry out, re pe a ta ble and

pre fe ra bly au to ma ted. It should also be pre sent in a high

pro por ti on of the ani mals. Va ri ous pa ra me ters were stu -

died as pos si ble pre dic tors for time of ovu la ti on and eva -

lu a ted in terms of their prac ti cal ap pli ca bi li ty (Ta ble 1). 

One ad van ta ge of mo ni to ring hor mo ne con cen tra ti ons

to pre dict time of ovu la ti on is that the chang es in LH, es -

tra di ol and pro ges te ro ne con cen tra ti ons oc cur in all ani -

mals be fo re ovu la ti on (Ta ble 1). Ho we ver, mo ni to ring of

hor mo nes to pre dict time of ovu la ti on is not yet ap pli ca ble

in prac ti ce. Although the sur ge in LH shows a very good

re la ti ons hip with time of ovu la ti on, it is not pos si ble to

mo ni tor this hor mo ne ea si ly. Efforts have been made to

mo ni tor LH in the milk of dai ry catt le and buf fal oes, but

up to now the se ef forts have not been suc ces sful (Bat ra

and Pan dey, 1983; Johnson and Ree ves, 1988). Even

when LH could be me a su red in milk, it would pro ba bly

not be an ap propri a te tool to pre dict the time of ovu la ti on

be cau se of the short du ra ti on of the LH sur ge in dai ry

catt le (on ave ra ge 9.5±1.6h, Roe lofs et al., 2004).

Estra di ol was me a su red in blood plas ma, which is not

fe a si ble in prac ti ce, but es tra di ol con cen tra ti ons can also

be as ses sed in milk (Meis ter ling and Dai ley, 1987). Ho w -

e ver, ovu la ti on time can pro ba bly not be pre dic ted by

mo ni to ring es tra di ol con cen tra ti ons alo ne, be cau se es -

tra di ol con cen tra ti ons not only in cre a se be fo re ovu la ti on
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Ta ble 1. Over view of the prac ti cal ap pli ca bi li ty of va ri ous pa ra me ters to pre dict time of ovu la ti on in dai ry prac ti ce1.

Pa ra me ter        Re la ti on to ovu la ti on time La bor

in put

Au to ma ti on 

pos si ble

Pro por ti on

of ani malsAve ra ge S.D. (h) Range (h)

Be ha vi or (on set of sho wing)

   All signs2   30.6  5.1   20 high no 100%

   Stan ding heat   26.4  5.2   27 high/low yes 58%

   Moun ting   28.7  5.3   30 high no 90%

Wal king ac ti vi ty in cre a se   29.3  3.9   17 low yes 83%

Pro ges te ro ne de cli ne   79.7 11.2   44 high/low no/yes 100%

LH-peak   25.3  2.0    6 high no 100%

Oes tra di ol-de cli ne   23.9  3.9   16 high/low no/yes 100%

1Ba sed on the re sults of the ex pe ri ments des cri bed in Roe lofs et al. (2004), Roe lofs et al. (2005bc) and Roe lofs et al. (2006); 2All be -
ha vi o ral signs as des cri bed by van Eer den burg et al. (1996), which in clu de snif fing, flehmen, chin res ting, moun ting, being moun -
ted, stan ding heat and rest les sness. 



but may also in cre a se du ring the es trous cy cle (Die le man

et al., 1986), pro ba bly re flec ting the growth of a do mi -

nant (but not pre o vu la to ry) fol li cle. Mo ni to ring of the

pro ges te ro ne de cre a se be fo re ovu la ti on is not suit able

be cau se of the lar ge va ri a ti on in time of ovu la ti on (Ta ble 1).

If es tra di ol and pro ges te ro ne could be me a su red au to ma -

ti cal ly du ring mil king, then per haps the mo ni to ring of the 

two hor mo nes si mul ta ne ous ly could be used to pre dict

time of ovu la ti on. This de pends on the re la ti ons hip be -

tween the peak or de cre a se of es tra di ol and time of ovu la -

ti on. In our ex pe ri ment (Roe lofs et al., 2004) the de cre a se 

in es tra di ol re la ti ve to time of ovu la ti on was as ses sed in

12 ani mals, ta king blood sam ples for es tra di ol at 3h in ter -

vals. The time from es tra di ol de cre a se to time of ovu la ti on

was 16h. Whe ther this time range would be si mi lar if

estra di ol were as ses sed twi ce a day in milk, needs fur ther

in ves ti ga ti on. If the de cre a se in milk es tra di ol could ser ve 

as a pre dic tor for ovu la ti on time, then si mul ta ne ous me a -

su re ments of milk pro ges te ro ne con cen tra ti ons could be

help ful for de fi ning fal se po si ti ve al erts that oc cur due to

in cre a sed es tra di ol du ring the es trous cy cle. When pro -

ges te ro ne con cen tra ti ons are high, it is ob vi ous that ovu -

la ti on will not oc cur.

Obser va ti on of be ha vi o ral es trous signs and chang es

in wal king ac ti vi ty (me a su red by the num ber of steps in

2h pe ri ods) seem to be ap pli ca ble pre dic tors of ovu la ti on

time be cau se of the good re la ti ons hip with time of ovu la -

ti on (Ta ble 1). Ho we ver, ob ser va ti on of be ha vi o ral signs

eve ry 3h for 30 min, as was done in our ex pe ri ment (Roe -

lofs et al., 2005c), is too la bor in ten si ve to be car ried out

in prac ti ce. The ef fects of less fre quent ob ser va ti ons or li mi -

ting the num ber of be ha vi o ral es trous signs will be dis -

cus sed in light of their use ful ness as pre dic tor of ovu la ti on

time. Me a su re ments of wal king ac ti vi ty can be au to ma ted

and thus are easy to car ry out. This pa ra me ter will be fur -

ther dis cus sed as a pre dic tor of ovu la ti on time. Chang es

in va gi nal mu cus con duc ti vi ty and body tem pe ra tu re

have been shown to have a clo se re la ti ons hip with the LH

peak (Schams et al., 1977; Ra ja ma hen dran et al., 1989;

Mos her et al., 1990), so the se pa ra me ters are also dis cus -

sed as pos si ble pre dic tors of ovu la ti on time.

Be ha vi o ral es trous signs

Ovu la ti on oc cur red on ave ra ge 30.6±5.1h af ter the

on set of be ha vi o ral es trus when ob ser va ti ons were done

for 30 min eve ry 3h and all be ha vi o ral es trous signs ac -

cor ding to Van Eer den burg et al. (1996) were in clu ded,

i.e. snif fing, flehmen, chin res ting, moun ting, moun ting

he ads ide, being moun ted and stan ding heat (Roe lofs et

al., 2005c). In prac ti ce, snif fing and chin res ting may of -

ten not be no ti ced as es trous be ha vi or. When only moun -

ting be ha vi or or stan ding heat is ta ken into ac count, ovu -

la ti on oc cur red on ave ra ge 28.7±5.3h and 26.4±5.2h af -

ter first dis play of the se be ha vi o ral signs, res pec ti ve ly.

Other stu dies that as ses sed the in ter val be tween on set of

es trus ba sed on stan ding heat (as ses sed with moun ting

de tec tors) and time of ovu la ti on, found si mi lar in ter vals

(e.g. Wal ker et al., 1996; Lo pez et al., 2002). Ho we ver,

the on set of stan ding heat is not prac ti cal ly suit able as a

pre dic tor for ovu la ti on time, be cau se of the low pro por ti on 

of ani mals that show stan ding heat (Ta ble 1). Mo re o ver,

ob ser va ti ons of be ha vi o ral es trous signs as car ried out in

our ex pe ri ments are very la bor in ten si ve. When ob ser va -

ti ons are car ried out less fre quent ly, the va ri a ti on in ovu -

la ti on time, as pre sen ted in Ta ble 1, is not much af fec ted.

Ho we ver, only 30% and 19% of the cows in es trus would

have been seen dis play ing stan ding heat if ob ser va ti ons

had been car ried out three or two ti mes per day for half an

hour, res pec ti ve ly. 

Moun ting be ha vi or (moun ting, or try ing to mount

anot her cow) is dis play ed in a lar ge num ber of es trous pe -

ri ods. It is ob ser ved in 89% of all es trous pe ri ods with ob -

ser va ti ons eve ry 3h. Unfor tu na te ly, this be ha vi or can not

(yet) be re cor ded au to ma ti cal ly. This ma kes moun ting

be ha vi or a pro mi sing but not yet prac ti cal pre dic tor of

ovu la ti on time. 

In con clu si on, the re la ti ons hip be tween the dis play of

be ha vi o ral es trous signs and time of ovu la ti on is good

(Ta ble 1). Ho we ver, ob ser va ti on of all the be ha vi o ral

signs ex cept for stan ding heat can not be au to ma ted and

re qui res high la bor in puts. De cre a sing ob ser va ti on fre -

quen cies re sult in lo wer de tec ti on per cen ta ges. Stan ding

heat can be as ses sed au to ma ti cal ly, but is dis play ed in a

low pro por ti on of the ani mals (Ta ble 1). All to ge ther, pre -

dic ti on of ovu la ti on time ba sed on be ha vi o ral es trous

signs is not fe a si ble in dai ry prac ti ce.

Acti vi ty me a su re ments

In con trast with be ha vi o ral es trous signs, pre dic ti on of 

ovu la ti on time by an in cre a se in wal king ac ti vi ty (me a su red

by the num ber of steps ta ken in 2h pe ri ods) can be au to -

ma ted and re qui res litt le time and ef fort (Ta ble 1). The de -

tec ti on ra tes for ac ti vi ty me a su re ments gre at ly de pend on 

the al go rithms and thres holds that are used to de fi ne an

in cre a se in ac ti vi ty. In our ex pe ri ment, the best de tec ti on

rate was 87% (Roe lofs et al., 2005b). The num ber of

steps was sto red in 2h pe ri ods. Ho we ver, many pe do me -

ters used in prac ti ce sto re the num ber of steps in 12h pe ri ods.

Liu and Spahr (1993) con clu ded from their ex pe ri ment

that ac ti vi ty counts that were sto red in 12h pe ri ods iden ti -

fied the in cre a sed ac ti vi ty du ring es trus as well as the ac -

ti vi ty counts sto red in 2h pe ri ods. When the data of our
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ex pe ri ment are con ver ted to num ber of steps in 12h pe ri ods

(from 0.00h to 12.00h and from 12.00h to 0.00h) the per -

cen ta ge of cor rect ly de tec ted es trous pe ri ods be co me

92%. This de tec ti on rate is hig her com pa red to sto ra ge of

steps in 2h pe ri ods. Ho we ver, the num ber of fal se es trus

al erts in cre a sed (i.e. the in cre a se in ac ti vi ty does not coin -

ci de with be ha vi o ral es trus and an ovu la ti on): 1 to 2 fal se

es trus al erts were found in 26% of the es trous pe ri ods

com pa red to the 6% for the sto ra ge of steps in 2h pe ri ods

using the same thres hold. Although the de tec ti on per cen -

ta ge in cre a sed with the sto ra ge of steps in 12h pe ri ods

(com pa red to 2h pe ri ods), the pre dic ti on of ovu la ti on

time be ca me less ac cu ra te. The in ter val be tween on set of

pe do me ter es trus ba sed on 12h pe ri ods and time of ovu la -

ti on is 33.3±5.9h with a range of 16 to 46h, whi le the in -

ter val be tween on set of pe do me ter es trus ba sed on 2h pe -

ri ods and ovu la ti on is 29.3±3.9h with a range of 22 to 39h

(Roe lofs et al., 2005b). This lar ger va ri a ti on could be a

pro blem be cau se AI has to be per for med 24 to 12h be fo re

ovu la ti on (Roe lofs, un pu blis hed re sults, see fur ther),

which im plies that in se mi na ti on should be per for med 5

to 17h af ter the on set of in cre a se in ac ti vi ty. When it ta kes

at le ast 12h be fo re the in cre a se in ac ti vi ty is ob ser ved, this 

le a ves al most no time for op ti mal ti med in se mi na ti on.

More fre quent re a ding of the pe do me ters seems the re fo re 

a lo gi cal ap pro ach to sol ving this pro blem. 

It has to be no ted that the ac ti vi ty me a su re ments in our

stu dy were per for med at only one farm. Although it is

known that ba sal ac ti vi ty le vels dif fer be tween cows and

farms (Ne bel et al., 2000), the ques ti on is whe ther the re -

la ti ve in cre a se in ac ti vi ty at es trus is also dif fe rent be -

tween farms. In ot her words, the ques ti on is whe ther the

high de tec ti on rate and the high cor re la ti on be tween in -

cre a se in ac ti vi ty and ovu la ti on time found in our ex pe ri -

ment (Roe lofs et al., 2005b) will be si mi lar for ot her

farms. López-Ga ti us et al. (2005) stu died the ac ti vi ty of

two herds kept on dif fe rent farms but un der the same hou -

sing, ma na ge ment and mil king con di ti ons. They found

no dif fe ren ce in in cre a se in ac ti vi ty at es trus be tween the

farms. Ho we ver, ac ti vi ty le vels were af fec ted by pa ri ty,

milk pro duc ti on and se a son. Not hing was men ti o ned

about ac ti vi ty le vels be tween farms out si de es trous pe ri ods.

Anot her stu dy found si mi lar in cre a ses in ac ti vi ty at es trus 

when cows were kept in a co ve red straw yard com pa red

to cows kept in cu bi cles (Scho field et al., 1991). The se fin -

dings sug gest that pre dic ti on of ovu la ti on time by me a su re -

ment of ac ti vi ty, as found in our stu dy, should be ap pli ca ble

on ot her farms as long as the thres hold for an in cre a se in

ac ti vi ty is ba sed on the in di vi du al ac ti vi ty pat tern of the

cow.

In con clu si on, the mo ni to ring of the num ber of steps

me a su red by pe do me ters meets all the prer equi si tes for

ovu la ti on time pre dic ti on: a good re la ti ons hip exists be -

tween in cre a se in ac ti vi ty and time of ovu la ti on, the la bor

in put for me a su re ment of ac ti vi ty is low, the me a su re -

ments can be au to ma ted and a high pro por ti on of the ani -

mals show an in cre a se in their ac ti vi ty be fo re ovu la ti on.

The re fo re, pre dic ti on of ovu la ti on time ba sed on an in -

cre a se in the num ber of steps seems use a ble in dai ry prac -

ti ce. Ho we ver, the ques ti on as to whe ther this is true for

all farms needs to be in ves ti ga ted.

Va gi nal mu cus con duc ti vi ty/re sis tan ce 

Se ver al stu dies have shown that va gi nal mu cus con -

duc ti vi ty/re sis tan ce chang es du ring es trus (re vie wed by

Ro rie et al., 2002). Elec tri cal re sis tan ce is lo west du ring

es trus be cau se of chang es in cell den si ty, fluid vo lu me

and elec tro ly te con tent of the bo vi ne vul va and va gi na

(Ezov et al., 1990). Leidl and Stol la (1976) found evi den ce

that the re sis tan ce of va gi nal mu cus is af fec ted by estro gen.

Se ver al ot her stu dies have shown that the lo west re sis tan ce

coin ci des with the LH sur ge, and the in ter val be tween lo west

re sis tan ce and time of ovu la ti on was be tween 32 and 24h

(Schams and Butz, 1972; Leidl and Stol la, 1976; Schams

et al., 1977; Aboul Ela et al., 1983). The re sis tan ce drop -

ped from an ave ra ge of 48 Ohm be tween es trous pe ri ods

to an ave ra ge of 30 Ohm du ring es trus (Schams and Butz,

1972). Va ri ous stu dies re por ted va ri a ti on, both among

and wit hin cows, in con duc ti vi ty me a su re ments, re sul -

ting in un de si ra bly high ra tes of fal se po si ti ves and fal se

ne ga ti ves (Elving et al., 1983; Leh rer et al., 1995). The

la bor-in ten si ve na tu re of this ap pro ach and the hy gie ne

risks it in vol ves also gre at ly li mit its prac ti ca li ty. The re -

fo re, me a su re ments of va gi nal mu cus con duc ti vi ty/re sis -

tan ce do not seem use ful for the pre dic ti on of time of ovu -

la ti on. 

Body tem pe ra tu re

Du ring the es trous cy cle sig ni fi cant chang es in body

tem pe ra tu re oc cur (re vie wed by Firk et al., 2002). Du -

ring es trus the tem pe ra tu re ri ses about 0.3°C (Nieu wen -

hui zen et al., 1979; Mos her et al., 1990). This may be

cau sed by the hig her ac ti vi ty du ring es trus, but the

mecha nism be hind the rise is not clear. Although this

tem pe ra tu re rise has been re la ted to es trus cha rac te ris tics, 

very litt le is known about the re la ti ons hip of this pa ra me ter 

to time of ovu la ti on. In hei fers a rat her va ri a ble in ter val be -

tween the peak in va gi nal tem pe ra tu re and ovu la ti on of

21.1±6.1h has been found (range: 16-33h; Mos her et al.,

1990). From this ex pe ri ment, Mos her et al. (1990) con -

clu ded that sin ce ovu la ti on oc curs wit hin a con sis tent in -

ter val from the on set of a tem pe ra tu re spi ke, the on set of a

tem pe ra tu re spi ke might be as good a pre dic tor of ovu lation
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as the LH peak. Ra ja ma hen dran et al. (1989) found that

the peak in va gi nal tem pe ra tu re oc cur red in hei fers

22.0±3.5h and in cows 27.0±3.5h be fo re ovu la ti on. They 

found a high cor re la ti on be tween va gi nal and rec tal tem -

pe ra tu re, but the rise in tem pe ra tu re be fo re ovu la ti on was

only sig ni fi cant in the va gi nal tem pe ra tu re me a su re -

ments. Their stu dy de mon stra ted that the rise in va gi nal

tem pe ra tu re was a re li a ble me a su re of the time of ovu la ti on

and the time of the LH sur ge. Ho we ver, se ver al aut hors

dis pu te the use ful ness of body tem pe ra tu re me a su re -

ments as an es trus de tec ti on me thod and the re fo re as a

pre dic tor of time of ovu la ti on (Boyd et al., 1969; Le wis

and New man, 1984; Firk et al., 2002). The me a su re ments

could even tu al ly be au to ma ted if one were to me a su re the

milk tem pe ra tu re as a de ri va ti ve of the body tem pe ra tu re.

Ho we ver, as al re a dy men ti o ned, the tem pe ra tu re rise du ring 

es trus is small, being only 0.3°C. The re fo re, body tem pe ra -

tu re is not a spe ci fic in di ca tor of the in ci den ce of es trus, be -

cau se a rise in tem pe ra tu re can also be cau sed by in flam ma -

to ry re ac ti ons and va ri a ti on in en vi ron men tal tem pe ra tu re.

In con clu si on, tem pe ra tu re me a su re ments do not seem to be 

a prac ti cal tool for pre dic ting time of ovu la ti on. 

INSE MI NA TI ON-OVU LA TI ON IN TER VAL

As pre vi ous ly men ti o ned, the op ti mal time for ar ti fi ci al

in se mi na ti on de pends on the one hand on the li fes pan of

sper ma to zoa once re le a sed  and on the ot her hand on the

vi a ble li fes pan of the ovum af ter ovu la ti on. The li fes pan

of sper ma to zoa in the cow’s ovi duct is re por ted to be 24

to 48h for fresh and 12 to 24h for fro zen-tha wed se men.

The vi a ble li fes pan of the ovum is sug ge sted to be around

6 to 12h (Gor don, 2003).

In pigs, the op ti mal time for in se mi na ti on lies be tween 0 

and 24h be fo re ovu la ti on (re vie wed by Kemp and Soe de,

1997). Not much is known con cer ning fer ti li za ti on ra tes of 

cows at va ri ous in se mi na ti on-ovu la ti on in ter vals. Stu dies

from the 1940’s sho wed that con cep ti on ra tes in catt le dif -

fe red when cows were bred du ring dif fe rent sta ges of es -

trus (Trim ber ger and Da vis, 1943; Bar rett and Ca si da,

1946). The hig hest con cep ti on ra tes (va ry ing from 73% to

86%) were ob tai ned when in se mi na ti ons were per for med

24 to 6h be fo re ovu la ti on (Trim ber ger and Da vis, 1943).

As con cep ti on rate in their stu dy was as ses sed by preg nan cy 

di ag no sis, it is not known whe ther the low con cep ti on ra -

tes were a re sult of fer ti li za ti on fail ure, (ear ly) em bry o nic

de ath or both. Sur pri sing ly, sin ce then not much new in for -

ma ti on has ap pe a red con cer ning the op ti mal time of in se -

mi na ti on re la ti ve to ovu la ti on in dai ry catt le (re vie wed by

Hun ter, 1994).

On the ba sis of re search that was per for med in the

1970’s, it was as su med that in catt le, in se mi na ti on should

take pla ce be tween 12 and 18h be fo re ovu la ti on to get

good fer ti li za ti on re sults (Hun ter, 1994). Ho we ver, Hun ter 

as su med that ovu la ti on ta kes pla ce at a rat her sta ble 12h af -

ter the end of es trus. From re cent stu dies, it is known that

the mo ment of ovu la ti on re la ti ve to es trus is far more va ri -

a ble. In re cent ye ars, re search has been done to stu dy the

ef fects of dif fe rent in se mi na ti on ti mes re la ti ve to es trus

cha rac te ris tics on con cep ti on rate (Ma atje et al., 1997;

Drans field et al., 1998) but time of ovu la ti on was not as -

ses sed in the se stu dies. The se stu dies show va ri a ble re -

sults. Ma atje et al. (1997) found con cep ti on ra tes (at 42 to

49 days af ter in se mi na ti on) of around 80% for in se mi na ti ons

0 to 24h af ter the on set of in cre a se in wal king ac ti vi ty and

of 17.6% for in se mi na ti ons more than 24h af ter the on set

of in cre a se in wal king ac ti vi ty. Drans field et al. (1998)

found hig hest con cep ti on ra tes of 51% when in se mi na ti ons

were per for med 4 to 12h af ter the first dis play of stan ding

heat (as de tec ted by mount de tec tors). In their stu dies, it is

not known whe ther sub op ti mal in se mi na ti on ti mes re sul -

ted in hig her fer ti li za ti on fail ure or hig her (ear ly) em bry o -

nic de ath. This dis tinc ti on was made in a stu dy by Dal ton

et al. (2001), who as ses sed fer ti li za ti on rate and em bryo

qua li ty se ven days af ter in se mi na ti on when cows were in -

se mi na ted 0, 12 or 24h af ter the on set of stan ding heat

(using mount de tec tors). Inse mi na ti ons per for med 24h af -

ter the on set of stan ding heat re sul ted in the hig hest fer ti li -

za ti on rate, whe re as in se mi na ti ons per for med at the on set

of stan ding heat re sul ted in the hig hest per cen ta ge of good

qua li ty em bry os. They con clu ded that in se mi na ti ons per -

for med 12h af ter the on set of es trus pro vi ded a com pro mi se

be tween a po ten ti al ly lo wer fer ti li za ti on rate (in se mi na ti on

at the on set of stan ding heat) and lo we red em bryo qua li ty

(in se mi na ti on at 24h af ter the on set of stan ding heat). In

our ex pe ri ment (un pu blis hed data) cows were in se mi na ted

once be tween 36h be fo re and 12h af ter ovu la ti on. Se ven

days af ter ovu la ti on the ute ri ne horn was flus hed and fer ti -

li za ti on (yes or no) and qua li ty of the em bryo (good, fair,

poor and de ge ne ra ted) were as ses sed. In to tal, 122 em bry os/ 

ova were re co ve red. Fer ti li za ti on ra tes were high when in -

se mi na ti on was per for med be tween 4 and 36h be fo re ovu -

la ti on. Ho we ver, the qua li ty of the em bry os was in flu en ced 

by the time of in se mi na ti on. The hig hest num ber of good

qua li ty em bry os was found when in se mi na ti ons were per -

for med be tween 12 and 24h be fo re ovu la ti on. The per cen -

ta ge of good qua li ty em bry os was 41% with in se mi na ti ons 

per for med 36 to 24h be fo re ovu la ti on, 67.7% with in se mi -

na ti ons per for med 24 to 12h be fo re ovu la ti on, 41.4% with

in se mi na ti ons 12 to 0h be fo re ovu la ti on and only 6.3%

with in se mi na ti ons per for med from 0 to 12h af ter ovu la ti on. 

The sex of the em bryo was not in flu en ced by time of in se -

mi na ti on re la ti ve to ovu la ti on (Roe lofs et al., 2005a) 
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INSEMINATION BASED ON PREDICTION OF
OVULATION TIME

Se ver al stu dies have exa mi ned the op ti mal time for in -

se mi na ti on re la ti ve to the on set of es trus (Ta ble 2). Our

re sults (un pu blis hed data) have shown that the op ti mal

time to in se mi na te is 24 to 12h be fo re ovu la ti on (ba sed on 

the hig hest per cen ta ge of good qua li ty em bry os in that

pe ri od). Com bi ning this op ti mal in ter val with the in ter -

val be tween on set of be ha vi o ral es trus and ovu la ti on time 

sug gests that an in se mi na ti on should be per for med 3 to

15h af ter the ob ser va ti on of on set of be ha vi o ral es trus

(as ses sing all be ha vi o ral signs for 30 min, three ti mes

dai ly). Using the same ob ser va ti on fre quen cy, in se mi na -

ti on should be per for med 3 to 15h af ter the first ob ser ved

mount or 0 to 12h af ter first ob ser ved stan ding heat. This

is in the same range as sug ge sted by ot her aut hors (Ta ble

2). Inse mi na ti ons ba sed on ac ti vi ty should be per for med

5 to 17h af ter the in cre a se in ac ti vi ty. This op ti mal in se -

mi na ti on in ter val is the same as re por ted by Ma atje et al.

(1997) (Ta ble 2).

A sur vey done on 170 farms in The Ne ther lands seems 

to in di ca te that the ave ra ge in ter val be tween de tec ti on

and in se mi na ti on on the se farms va ried from 3h to 24h.

On al most half of the farms, the ma jo ri ty of in se mi na ti ons

were per for med more than 15h af ter de tec ti on of es trus

(Hen sen et al., 1992). Thus, it seems that in se mi na ti on is

per for med too late on many farms. It has to be no ted that

only in 30% of all es trous pe ri ods is stan ding heat ob ser ved

by three ti mes dai ly ob ser va ti ons (Roe lofs, 2005). It is

pos si ble that when stan ding heat is ob ser ved, the ti ming of

in se mi na ti on is qui te ac cu ra te, whi le in ot her es trous pe ri ods 

with less clear be ha vi o ral es trous signs, in se mi na ti on is

of ten wrong ly ti med. One re a son for sub op ti mal ti ming of

in se mi na ti ons in the ab sen ce of stan ding heat could be

that a far mer is not sure about the es trous sta tus of a cow.

The re fo re, the de ci si on to in se mi na te the cow is de lay ed,

re sul ting in de cre a sed cal ving ra tes be cau se of in se mi na ti ons

per for med too clo se or even af ter ovu la ti on, es pe ci al ly

when the cows are not in se mi na ted by the far mer him self. 

Accor ding to the ef fects of the in se mi na ti on time on em -
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Ta ble 2. Over view of op ti mal in se mi na ti on time re la ti ve to on set of oes trus ba sed on va ri ous pa ra me ters.

Oes trus ba sed on Opti mal in se mi na ti on in ter -

val af ter on set of oes trus (h)

Con cep ti on

rate (%)

Re fe ren ce

  

Di schar ge, ner vous ness,

  in te rest in herd ma tes,

  moun ting, stan ding heat

         7-12   55 Hall et al., 1959

Wal king ac ti vi ty          6-17   83 Ma atje et al., 1997

Stan ding heat          4-12   51 Drans field et al., 1998

Stan ding heat          12-18   73 Xu et al., 1998

Stan ding heat          12   - Dal ton et al., 2001

Be ha vi o ral, cli ni cal and

gy nae co lo gi cal symp toms

         8-18   66 Mar ti nez et al., 2004

Our re sults

  All be ha vi o ral signs          3-15   621 Roe lofs et al., 2005c

  Moun ting          3-15   631 Roe lofs et al., 2005c

  Stan ding heat          0-12   631 Roe lofs et al., 2005c

  Wal king ac ti vi ty          5-17   651 Roe lofs et al., 2005b

1Esti ma ted cal ving rate when the sur vi val rate of good, fair and poor qua li ty em bry os is 95, 68 and 53% res pec ti ve ly.



bryo qua li ty, it seems bet ter to in se mi na te (too) ear ly than

(too) late when the time of ovu la ti on is not known.

In our ex pe ri ment, the em bry os were flus hed se ven

days af ter ovu la ti on, so it is im pos si ble to know which

em bry os would have sur vi ved and would have re sul ted

in the birth of a he al thy calf. Ave ra ge preg nan cy ra tes of

va ri ous stu dies using em bryo trans fer were 60, 45 and

30% for good, fair and poor qua li ty em bry os, res pec ti ve ly

(Schnei der et al., 1980; Wright, 1981; Hoog enk amp,

1984; Has ler, 1998). It seems li ke ly that the sur vi val rate

of the em bry os is hig her for non-trans fer red em bry os

com pa red to trans fer red em bry os. The re fo re sur vi val ra -

tes of good, fair and poor qua li ty em bry os of none-trans -

fer red em bry os are as su med to be 95, 68 and 53%, res -

pec ti ve ly. Ba sed on the oc cur ren ce of good, fair and poor

qua li ty em bry os in the dif fe rent I-O in ter vals, the se as su med

embryo sur vi val ra tes re sult in the ex pec ted cal ving ra tes

of 55, 67, 43 and 19% for in se mi na ti ons per for med 36 to

24, 24 to 12, 12 to 0h be fo re and 0 to 12h af ter ovu la ti on,

res pec ti ve ly. Even when the cows are in se mi na ted in the

op ti mal pe ri od af ter the first dis play of moun ting, stan -

ding heat, be ha vi o ral es trus or in cre a se in ac ti vi ty, still

not all in se mi na ti ons will be per for med in the op ti mal in -

ter val of 24 to 12h be fo re ovu la ti on, be cau se of the va ri a -

ti on in the in ter val be tween the first dis play of the se pa ra -

me ters and time of ovu la ti on of in di vi du al cows (Ta ble

3). Com bi ning the num ber of cows de tec ted in es trus

with the in se mi na ti on ti mes shown in Ta ble 3 and with

the ex pec ted cal ving ra tes ba sed on em bryo qua li ty it

would re sult in the fact that 38% (for first mount), 19%

(for first stan ding heat), 55% (for first dis play of any be -

ha vi o ral es trous sign) and 54% (for in cre a se in ac ti vi ty)

of the cows in es trus ul ti ma te ly calf (Fi gu re 1).

In con clu si on, the ex pec ted num ber of cal ves born per

100 cows in es trus are si mi lar when a cow is in se mi na ted

eit her 3 to 15h af ter the on set of be ha vi o ral es trus or 5 to

17h af ter the first in cre a se in ac ti vi ty. Ho we ver, in se mi -

na ti on ba sed on an in cre a se in ac ti vi ty seems the best stra -

te gy, be cau se it re qui res low la bor in put and is ea si ly im -

ple men ted in dai ry prac ti ce.

PRAC TI CAL IM PLI CA TI ONS

It was found that pe do me ter re a dings best pre dict time

of ovu la ti on: ovu la ti on ta kes pla ce 22 to 39 h af ter the

first in cre a se in ac ti vi ty. Ho we ver, pe do me ter re a dings
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Ta ble 3. The per cen ta ge of in se mi na ti ons for va ri ous in se mi na ti on-ovu la ti on in ter vals (IOI, 0=time of ovu la ti on) when cows are
in se mi na ted ba sed on first ob ser ved mount, first ob ser ved stan ding heat, ob ser va ti on of on set of be ha vi ou ral oes trus (in clu ding
all be ha vi ou ral oes trous signs) or in cre a se in ac ti vi ty.

IOI Mounting1 Standing heat2 All signs3 Activity4

36<AI=24 11  7 14 10

24<AI=12 78 81 72 84

12<AI=0 11 11 14 6

0<AI=-12 0 0 0 0

1in se mi na ti on 9h af ter first ob ser ved mount; 2in se mi na ti on 6h af ter first ob ser ved stan ding heat; 3in se mi na ti on 9h af ter first ob ser ved
be ha vi ou ral sign; 4in se mi na ti on 11h af ter first in cre a se of ac ti vi ty.
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Fi gu re 1. Per cen ta ge of cows de tec ted in oes trus and ex pec -
ted per cen ta ge of cal ves born of cows in oes trus, using dif fe -
rent oes trus de tec ti on stra te gies. Oes trus de tec ti on stra te gies
con sist of vi su al ob ser va ti ons three ti mes dai ly of only moun -
ting be ha vi our, only stan ding heat or all be ha vi ou ral oes -
trous signs or is ba sed on an in cre a se in ac ti vi ty (me a su red by 
pe do me ters). Inse mi na ti ons are per- for med on ave ra ge 9h
af ter the first ob ser ved mount, 6h af ter the first ob ser ved
stan ding heat, 9h af ter the on set of be ha vi ou ral oes trus (all
signs) or 11h af ter the in cre a se in ac ti vi ty. Gi ving the known
va ri a ti on in ovu la ti on time, a known ex pec ted per cen ta ge of
good, fair and poor qua li ty em bry os per I-O in ter val and an
ex pec ted chan ce of sur vi val of the se em bry os (see text), an
ex pec ted cal ving rate is cal cu la ted for the se stra te gies. 



may also give fal se po si ti ve al erts. The re fo re, to op ti mi ze

in se mi na ti on time (and thus cal ving ra tes), in prac ti ce the

stra te gy should be to com bi ne ac ti vi ty me a su re ments

with vi su al ob ser va ti ons. When the pe do me ter re a dings

show an in cre a se in ac ti vi ty for a cert ain cow, that cow

should be ob ser ved for the dis play of es trous be ha vi or

(in clu ding snif fing and chin res ting). When she shows

any of the se be ha vi o ral signs, in se mi na ti on should be

per for med. Sin ce it was found that the op ti mal in se mi na -

ti on time is 24 to 12h be fo re ovu la ti on, the cow should be

in se mi na ted be tween 3 and 15h af ter the first in cre a se in

ac ti vi ty. On the ot her hand, when a cow shows be ha vi o ral 

es trus signs, pe do me ter re a dings should be eva lu a ted to

de ci de on the right time for insemination.
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