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ABSTRACT

Pri or to ovu la ti on, cows dis play cert ain be ha vi ors that we cha rac te ri ze as es trous be ha vi or. The stan ding re -

flex, a be ha vi or that by de fi ni ti on ac com pa nies heat, is im por tant for de ter mi ning the mo ment of in se mi na ti on.

The se ani mals, which are ovu la ting, can then be in se mi na ted with suc cess. Only 50% of the cows dis play this

stan ding re flex, ho we ver, so it is ne ces sa ry to for mu la te a bet ter and more con clu si ve de fi ni ti on of es trus.

An ef fec ti ve and va lid vi su al de tec ti on sco ring sy stem has been de ve lo ped. With this sy stem, the in ten si ty of

es trous be ha vi or can be ex pres sed nu me ri cal ly both for in di vi du al cows and at the herd le vel. Other ways of de -

tec ting cows in es trus are dis cus sed, such as using pe do me ters, body tem pe ra tu re, elec tri cal con duc ti vi ty and

heat mount de tec tors. Most of the aids that have been de ve lo ped are not re li a ble or sen si ti ve enough to re lie ve the

far mer from fre quent vi su al ob ser va ti on of the herd. Pe do me ters and heat mount de tec ti on de vi ces seem to be the

most pro mi sing de tec ti on aids.

SA MEN VAT TING

Voor af gaand aan een ovu la tie ver to nen koei en be paal de ge dra ging en die we als oes trus ge drag om schrij ven. Be lang -

rijk voor de be pa ling van het in se mi na tie mo ment is de sta re flex, het ge drag dat per de fi ni tie met bronst ge paard gaat.

Deze die ren ovu le ren en kun nen ver vol gens met suc ces ge ïnsemineerd wor den. Slechts 50% van de koei en ver toont

ech ter deze sta re flex waard oor het for mu le ren van een be te re en meer slui ten de de fi ni tie van oes trus nood za ke lijk is.

Een ge va li deerd vi su eel sco rings sys teem werd daar voor ont wik keld. Met dit sys teem kan de in ten si teit van het oes -

trus ge drag wor den weer ge ge ven in pun ten, zo wel op in di vi du eel ni veau als op kop pel ni veau. Ande re ma nie ren van

oes trus de tec tie wor den be spro ken, zo als stap pen tel lers, lichaams tem pe ra tuur, elek tri sche ge leid baar heid en ap pa raat -

jes die re gis tre ren of een koe be sprong en werd. De mees te van de ont wik kel de met ho den zijn niet be trouw baar of ge -

voe lig ge noeg om de vee hou der te ont las ten van een re gel ma ti ge ob ser va tie van zijn kud de. Stap pen tel lers en

ap pa raat jes die re gis te ren of een koe be sprong en werd, zijn de meest be lo ven de al ter na tie ven.

INTRO DUC TI ON

Estrus is the pe ri od in which a cow can be suc ces sful ly

bred by a bull or AI (Stur man et al., 2000; Wald mann et

al., 2001) and is de fi ned as the pe ri od in which a cow

stands when she is moun ted by a bull or anot her cow. The

de tec ti on of es trus is one of the key com po nents in the

ma na ge ment of dai ry farms with res pect to fer ti li ty. The

avai la bi li ty of time to spend on the de tec ti on of es trus, but 

also ade qua te know led ge of its symp toms, are of ten lac -

king. This re sults in a low de tec ti on rate and poor fer ti li ty

in di ces (O’Farrell, 1978; Rei mers et al., 1985; Opso mer

et al., 1996; Web ster et al., 1997). Re cent stu dies car ried

out by our group have re ve a led that es trus de tec ti on ra tes

in dai ry catt le are low (< 50%) not only be cau se of the

two fac tors men ti o ned abo ve, but also be cau se of the fact

that cows do not show the pro per be ha vi o ral symp toms

(He res et al., 2000; Van Vliet and Van Eer den burg, 1996).

Most of the ol der stu dies re port a mean du ra ti on of es trus

of around 18h. Ho we ver, for dai ry catt le, re cent re ports

men ti on shor ter pe ri ods of around 13h and, for in di vi du al 

ani mals, even as short as 4h (Van Vliet and Van Eer den -

burg, 1996) (Fi gu re 1).  

The length of the cy cle for dai ry cows is 18 – 24 days,

alt hough for more than 20% it is long er than 25 days (c.f.

Trim ber ger, 1956). For a dai ry farm, poor de tec ti on ra tes

61                Re view       Vlaams Dier ge nees kun dig Tijd schrift, 2006, 75, 61-69  



re sult in sub stan ti al fi nan ci al los ses due to: 1) un ex ploi -

ted po ten ti al of milk and calf pro duc ti on cau sed by pro -

long ed cal ving in ter vals, 2) ex pen di tu re on ex ces si ve re -

pla ce ment hei fers and on un suc ces sful in se mi na ti ons,

and 3) the re du ced rate of ge ne tic pro gress (Dijk hui zen et

al., 1991; Leh rer et al., 1992; Senger, 1994).

BE HA VI O RAL CHA RAC TE RIS TICS 

Cows can be de tec ted in es trus be cau se they dis play spe -

ci fic be ha vi or. Most of the de tec ti on sys tems and aids use

the fol lo wing be ha vi o ral cha rac te ris tics:

l Mu cous va gi nal di schar ge, alt hough of ten used by far -

mers, is un re li a ble as an in di ca tor for es trus. When a long

string (> 50 cm) of clear, vis cous mu cus hangs from the

va gi na, the cow can be con si de red to be in es trus. As a

key symp tom for in se mi na ti on it is of low va lue be cau se

it can be seen for se ver al days in cert ain ani mals. Fur ther -

mo re, the se mar ked va gi nal di schar ges are ra re ly seen in

cows in loose hou sing sys tems (Loef fler et al., 1999; Van 

Eer den burg et al., 1996). For an ex ten si ve re view of this

symp tom, see Holtz and Mein hardt (1993). 

l Ca jo ling (= flehmen), alt hough of ten ob ser ved du ring

dies trus as well, has a high fre quen cy du ring es trus. It is

the re fo re a re le vant symp tom. Sin ce ca jo ling is dif fi cult

to dis ting uish from ot her ty pes of be ha vi or that are un re -

la ted to es trus (e.g. snif fing for fresh air in the air in lets), it

can be con si de red to be of mi nor im por tan ce for de ter mi -

ning whe ther a cow is in es trus or not (Van Eer den burg et

al., 1996)

l Mooing, so me ti mes con ti nu ous ly, can be a symp tom

of es trus. Ho we ver, in dai ry catt le, only few ani mals

show this symp tom and if they do so, they also show

ot her symp toms in high in ten si ty as well. The se lec ti ve

po ten ti al for dai ry catt le is the re fo re low. It is more of -

ten seen as a nui san ce by far mers and pe ople who live

in the vin ci ni ty of a farm. Cows with COF can also dis -

play this type of be ha vi or.

l Rest les sness is a very sub jec ti ve symp tom. Ho we ver, a

skil led ob ser ver who knows his cows will be able to

sco re signs of un rest, such as ear play and mooing. Cows

will move a litt le away from the herd when in es trus, if

pos si ble. Also they will walk more. Be cau se cows can

show un rest for va ri ous ot her re a sons, and in most ca ses

will show it se ver al ti mes du ring a par ti cu lar ob ser va ti on

pe ri od, this symp tom is of re la ti vely low se lec ti ve im por -

tan ce (Holtz and Mein hardt, 1993; Van Eer den burg et

al., 1996). 

l Snif fing the vul va of anot her cow oc curs du ring es trus as

well as in be tween es trous pe ri ods. It is of ten fol lo wed by

ca jo ling. 

l Res ting with the chin on anot her cow oc curs du ring es -

trus as well as du ring dies trus. Ho we ver, the fre quen cy

du ring es trus is sub stan ti al ly hig her and is the re fo re a

good in di ca tor of es trus (Holtz and Mein hardt, 1993;

Van Eer den burg et al., 1996). Often it is fol lo wed by an

at tempt to mount the ot her cow. 

l Moun ting, or at temp ting to mount, ot her cows is one of

the most ac cu ra te ex ter nal signs of es trus in dai ry cows

(Holtz and Mein hardt, 1993). Ho we ver, moun ting also

oc curs in dies trus. Esslem ont and Bry ant (1976) con si -

de red a cow as being in es trus when she moun ted anot her 

cow at le ast six ti mes a day. With the sy stem des cri bed

be low, a cow can be con si de red in es trus when she

mounts anot her cow twi ce in 24 hours. Accor ding to

Roe lofs et al. (2005a), the on set of moun ting be ha vi or is

the best pre dic tor for the time of ovu la ti on. 

l Being moun ted, but not stan ding, is a symp tom that oc -

curs with cows du ring and be tween es trous pe ri ods.

Cows clo se to es trus are more at trac ti ve to es trous cows,

re sul ting in a hig her fre quen cy of being moun ted. It can

the re fo re ser ve as an in di ca ti on of (pro)es trus  (Holtz and

Mein hardt, 1993; Van Eer den burg et al., 1996). 

l When a cow is moun ted, the hairs at the pel vic re gi on

will be dis tur bed. Even though one did not see the cow

being moun ted, the rough hairs will give an in di ca ti on

that the ani mal was moun ted. So me ti mes even the skin

can be da ma ged and a litt le blood might be pre sent. 

l Moun ting the head side of anot her cow is, ac cor ding to

our re sults, highly dis cri mi na ti ve of the cow being in es -

trus (Van Eer den burg et al., 1996). 
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Fi gu re 1. Num ber of pri mi pa rous and mul ti pa rous cows
grou ped per ca te go ry of es trus length (af ter Van Vliet and
Van Eer den burg, 1996).



l Stan ding es trus has al ways been the most dis cri mi na ti ve

sign of es trus (Holtz and Mein hardt, 1993). Ho we ver, in

re cent re ports low num bers of stan ding es trus have been

no ted – even as low as in 37% of the cows in es trus (with

12 ob ser va ti ons of 30 min. du ring 24 h. per day) (Van

Eer den burg et al., 1996; He res et al., 2000; Ly i mo et al.,

2000). The type of floor in flu en ces the oc cur ren ce of

moun ting be ha vi or. Slip pe ry, wet, con cre te (slat ted)

floors are not en cou ra ging for cows to mount each ot her.

Dirt floors (es pe ci al ly in out si de pad docks) or thick straw

bed ding are pre fer red (Britt et al., 1986; Do zier-Va les and

Britt, 1990). 

        As for the per for man ce of moun ting be ha vi or, it is im -

por tant to know that cows pre fe ra bly mount ot her es -

trous cows. A mi ni mum of two cows in or near es trus is

thus re qui red. Herd size and cal ving ma na ge ment are

thus of ma jor in flu en ce. When pro blems exist in a small

herd, syn chro ni za ti on pro to cols can be a so lu ti on.

OTHER CHA RAC TE RIS TICS

Se ver al far mers use the re duc ti on in food in ta ke and milk 

pro duc ti on du ring es trus as a de ter mi nant in their de tec ti on

pro to col (Britt et al., 1986; Holtz and Mein hardt, 1993; Van

Assel donk et al., 1998). Ho we ver, the drop in milk pro duc -

ti on of ten oc curs af ter the re duc ti on in food in ta ke (con cen -

tra tes) and is not overt in all ani mals (Holtz and Mein hardt,

1993). The se can be im por tant fac tors, ho we ver, if com bi -

ned with ot hers (De Mol and Woldt, 2001).

SE A SON

Although the do mes ti ca ted cow is not con si de red to be a

se a so nal bree der, sin ce she ovu la tes year round, cert ain in -

flu en ces of the se a son can be ob ser ved. Repro duc ti ve ef fi -

cien cy is ge ne ral ly lo wer in win ter at nor thern la ti tu des,

whe re as at la ti tu des clo ser to the equa tor re pro duc ti ve ef fi -

cien cy is lo wer in sum mer. Se a so nal va ri a ti ons in am bient

tem pe ra tu re, pho to pe ri od, hu mi di ty and feed sup ply con tri -

bu te to se a so nal va ri an ces in re pro duc ti ve ef fi cien cy. Heat

stress leng thens the es trous cy cle and de cre a ses the du ra ti on

and in ten si ty of es trus (Tuc ker, 1982; Moore et al., 1992;

Orr et al., 1993).

ES TRUS DE TEC TI ON

De tec ti on by ob ser va ti on

Vi su al ob ser va ti on is the most com mon way of de tec ting

cows in es trus (Rae et al., 1999). Ho we ver, as des cri bed

abo ve, re cent re ports in di ca te that the in ten si ty of the symp -

toms shown by dai ry cows is not as high as re por ted in ol der

stu dies. Espe ci al ly the lack of stan ding events is a se ri ous

pro blem, sin ce it is the key symp tom for de fi ning a cow in

es trus. For this re a son, we have de ve lo ped a va li da ted sy s -

tem that in clu des ot her be ha vi o ral cha rac te ris tics of es trus

as well (Van Eer den burg et al., 1996; He res et al., 2000).

With this sy stem, a cow sco res points for each be ha vi o ral

symp tom that she shows (Table 1), ba sed on the fre quen cy

of the se be ha vi ors du ring es trus and dies trus. The points are

sum med up over a rol ling 24 hour pe ri od. If a far mer ob ser ves 

his cows two or three ti mes a day for 30 mi nu tes per ob ser -

va ti on pe ri od, the thres hold for de ter mi ning a cow in es trus

is 50 points.

Be cau se the es trous signs are less overt, the far mer has to

pay more at ten ti on to his de tec ti on pro to col and in clu de ot her

signs of es trus as well (Ste ven son et al., 1983; Co wen et al.,

1989). Fre quen cy, du ra ti on and time of ob ser va ti on are im -

por tant (see be low). Fur ther mo re, the me thod of ob ser va ti on

also in flu en ces the de tec ti on rate. The obser va ti on pe ri od

should not be com bi ned with anot her task, such as fee ding

or cle a ning. It must be ful ly de di ca ted to watching the cows.

The ob ser ver should also not walk through the herd but stay

qui et out si de the cow area. In this way the ani mals show the

most es trous signs (un pu blis hed re sults). Many fal se po si ti ve

indi ca ti ons are ob tai ned when the cows are gat he red be fo re

mil king (Wil li am son et al., 1972). Last but not le ast, the ob -

ser ver should be trai ned well and know the ani mals and their 

be ha vi or.

Fre quent and long ob ser va ti ons

Cows do not show their es trous be ha vi or at a spe ci fic

time of the day, and es trous pe ri ods are so me ti mes very
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Ta ble 1. Sco ring sca le for es trous be ha vi or.

Be ha vi or Points

Mu cous va gi nal discharge

Ca jo ling (= flehmen)                  

Rest les sness

Being moun ted but not stan ding           

Snif fing vul va of anot her cow                

Res ting with chin on anot her cow          

Moun ting (or at temp ting to mount) ot her cows

Moun ting head side of anot her cow     

Stan ding heat                           

  3

  3

  5

 10

 10

 15

 35

 45

100



short. It is the re fo re im por tant to watch the cows fre quent ly

and for a sub stan ti al pe ri od of time. In Table 2 the re sults of

fre quent ob ser va ti ons are pre sen ted, (mil king was at 07:00

and 16:30 and la sted for about 1 hour). It is evi dent that the

time of the day and du ra ti on of the ob ser va ti ons are the most

im por tant fac tors for a high de tec ti on rate. More ob ser va ti ons

per day, even when re sul ting in a lar ger to tal amount of time

spent are of les ser im por tan ce. (e.g. com pa re 2 ob ser va ti ons

at 10:00 and 20:00 for 30 min with 4 ob ser va ti ons at 06:00,

10:00, 16:00 and 20:00 for 20 min). The cows can be ob -

ser ved best af ter mil king and fee ding in the mor ning, in

the ear ly af ter noon and in the eve ning (around 20:00 h).

Obser va ti on pe ri ods should last more than 20 mi nu tes to

be ef fec ti ve.

De tec ti on aids 

Slen ning and Far ver (1990) al re a dy in di ca ted that cur -

rent ly re com men ded pro ce du res for es trus de tec ti on, na me -

ly vi su al ob ser va ti on of moun ting and stan ding, may be in -

ap propri a te as a rou ti ne scree ning test for es trus. A lar ge

va rie ty of aids have been de ve lo ped with oc ca si o nal (lo cal)

suc cess, but more of ten with poor de tec ti on re sults due to

the lar ge num ber of fal se po si ti ve in di ca ti ons. Appa rent ly,

the ide al de tec ti on aid has not yet been in ven ted. The ide al

aid should pro vi de con ti nu ous sur veil lan ce (24h/day) of the

cows, and ac cu ra te and au to ma tic iden ti fi ca ti on of the cows

in es trus. It should also ope ra te for the pro duc ti ve li fe ti me of

the cow, and it should have mi ni mi zed la bor re qui re ments

and a high ac cu ra cy in iden ti fy ing the ap propriate phy si o lo -

gic or be ha vi o ral events that cor re la te highly with ovu la ti on

(Seng er 1994). Most of the aids in use pos sess se ver al of the

abo ve men ti o ned as pects but none pos sess all of them.

Te a ser ani mals

Of cour se a bull, or rat her a va sec to mi zed bull, is the best

de tec tor. They can be equip ped with a chin ball de vi ce for

marking the es trous cows or buf fal oes (Lang et al., 1968;

Hill et al. 1992; Zi ca rel li et al., 1997). Cau ti on is nee ded to

in ter pret the mar kings on a cow be cau se bulls of ten ‘try’ a

cow by pla cing their chin on the pel vic re gi on. So only cows

with mar kings at their shoul der re gi on have in deed been

moun ted by the bull. When bulls are able to en ter the va gi na

of the cow with their pe nis the risk for sexu al ly trans mit ted

dis e a ses exists. In or der to pre vent this, va ri ous sur gi cal pro -

ce du res have been de sig ned (Do nald son, 1968; Foote,

1975). Ho we ver, all of the se should not be, or are not al lo -

wed to be, per for med for et hi cal and le gal re a sons. The ra tio

be tween bulls and po ten ti al ly es trous cows should not be

lar ger than 1:30-40 (Foote, 1975; Varner, 1986) 

Kee ping a bull has its dang ers and costs. Bulls with good 

li bi do are of ten aggres si ve. To re du ce the costs, a dai ry far -

mer might choose a beef breed. This, ho we ver, could be a

pro blem for the hei fers be cau se of their size. A smal ler breed 

is the re fo re pre ferred (Holtz and Mein hardt, 1993).
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Ta ble 2. Ef fect of num ber, time and du ra tion of ob ser va tions on estrus de tec tion rate.

        No. of Time of ob ser va ti on                De tec ti on rate (%)

 Obser va ti ons 30 min 20 min 10 min

2 06:00 20:00 62.9 37.1 14.3

2 06:00 22:00 48.6 31.4 8.6

2 10:00 20:00 74.3 48.6 25.7

2 10:00 22:00 62.9 42.9 22.9

3 06:00 12:00 22:00 62.9 48.6 17.1

3 10:00 12:00 20:00 77.1 54.3 22.9

4 06:00 12:00 16:00 22:00 74.3 57.1 31.4

4 06:00 10:00 16:00 20:00 82.9 57.1 34.3

5 06:00 10:00 14:00 18:00 22:00 85.7 62.9 37.1



Estrous or preg nant cows can also ser ve as te a sers

(Esslem ont and Bry ant,1976; Dijk hui zen and Van Eer den -

burg, 1998; Tho mas and Dob son, 1989). The size and com -

po si ti on of the herd can be re le vant in this res pect. Cows

with COF or hor mo nal ly tre a ted cows are also a pos si bi li ty

(Sig no ret, 1975; Ki ser et al., 1977; Mor ti mer et al., 1990).

Ho we ver, the se cows can be very ac ti ve, cau sing a lot of un -

rest in the herd.

The pre sen ce of a bull can also sti mu la te the cows to

show their es trous sta te more overtly. Ma ting sti mu li as gi -

ven by ste ri le bulls can im pro ve preg nan cy ra tes (Zi ca rel li et 

al., 1997; Ro dri gu ez and Ri ve ra, 1999). Ho we ver, the pe ri od

to ova ri an re ac ti va ti on post par tum may be ex ten ded, though

wit hout long-term ef fects on re pro duc ti ve per for man ce,

when a bull is pre sent in a dai ry herd (Ship ka and Ellis,

1999). 

Tail pain ting/heat mount de tec tors

One che ap and ef fec ti ve aid in an es trus de tec ti on pro to -

col is tail pain ting (Mac mil lan and Cur now, 1977; Slen ning

and Far ver, 1990; Xu et al., 1998). The pel vic re gi on of the

back of the cows that may be in es trus is pain ted with a stro ke

of an ea si ly re mo va ble type of paint, such as chalk. When

the cow is moun ted by anot her cow or te a ser bull, the paint is 

dis tur bed or wi ped off. With twi ce dai ly ob ser va ti ons (e.g.

when wal king to the mil king par lor), quick de tec ti on is pos -

si ble. The me thod has some draw backs. In free stall barns

with brush es to let the cows keep them sel ves cle an, the ani -

mals may wipe off the paint them sel ves. In wet coun tries,

the paint needs to be wa ter proof. In lar ge herds or in syn -

chro ni zed herds, when the re is a fair pro ba bi li ty of ha ving

more than one cow in es trus on the same day, this me thod

can be suc ces sful. In smal ler herds, ho we ver, it can ea si ly be

that only a sing le ani mal is in es trus at a gi ven time, and the re -

fore it will not be moun ted. Fur ther mo re, as sta ted in the sec -

ti on on Be ha vi o ral Cha rac te ris tics abo ve, many cows no

long er show the ty pi cal symp tom of stan ding heat and the re -

fore will be mis sed. The risk of fal se po si ti ve in di ca ti ons

exists be cau se cows are also moun ted by es trous ani mals

when they them sel ves are not in es trus. They will not stand,

but the tail paint does not dis cri mi na te.

Some of tho se pro blems can be over co me by using

heat mount de tec tors (e.g. the Ka marÒ heat mount de tec -

tor). The se con sist of a paint fil led (plas tic) tube that can be

glu ed on the pel vic re gi on of a cow. When anot her ani mal

mounts the cow, eit her the co lor of the tube chang es or the

tube of paint rup tu res. In this way cows can be de tec ted at

long dis tan ces. The pro blems with the se de tec tors are loss of 

the tube, fal se po si ti ve in di ca ti ons due to scrat ching, and the

fail ure of ot her cows to mount (Foote, 1975; Holtz and

Mein hardt, 1993).

Elec tro nic de vi ces

Pe do me ters are elec tro nic de vi ces at tached to a leg of the

cow that count the num ber of steps an ani mal ta kes. Du ring

es trus, fe ma les tend to walk more, which is re cor ded by the

pe do me ter. The pe do me ter can be read by a com pu ter,

which cal cu la tes the in cre a se in ac ti vi ty as com pa red with

the pre vi ous day(s). A lar ge num ber of al go rithms have

been de ve lo ped (Hur nik et al., 1975; Kid dy, 1977; Pe ter and 

Bosu, 1986; Leh rer et al., 1992; Liu and Spahr, 1993), but

none of them pro vi des the ide al com bi na ti on of a lar ge num -

ber of in di ca ti ons and a low num ber of fal se po si ti ves. The

pe do me ter com bi ned with mo ni to ring me a su ring of pro -

ges te ro ne le vels in the milk can eli mi na te most of the fal se

po si ti ve in di ca ti ons (Moore and Spahr, 1991). Re cent ly, pe -

do me ter re a dings have been com bi ned with ot her es trous

pa ra me ters as well, re sul ting in im pro ved de tec ti on ra tes

(Ma atje et al., 1997; De Mol and Woldt, 2001). One im por -

tant fac tor for achie ving high preg nan cy rates is the ti ming

of in se mi na ti on (Roe lofs et al., 2005a). Re a ding the pe do -

me ter at mil king, which is com mon in prac ti ce, can re sult in

a con si de ra ble time lag be tween the maxi mum le vel of be -

ha vi or, which is highly cor re la ted with the es tra di ol le vel,

and the in di ca ti ons pro vi ded by the pe do me ter (Ly i mo et

al., 2000). More fre quent re a douts of the pe do me ter will

pro vi de more pre ci se in di ca ti ons of when es trus has star ted,

thus enab ling a more pre ci se de ter mi na ti on of the mo ment

of in se mi na ti on. This re sults in high preg nan cy ra tes (Ma atje

et al., 1997; Roe lofs et al., 2005b).

The He at watchÒ sy stem is an elec tro nic pres su re sen si ti ve

de vi ce that is fixed on the pel vic re gi on of the cows. A

subcu ta ne ous im plan ta ble de vi ce (SQUID) with si mi lar

func ti on is also avai la ble. Both He at watchÒ and SQUID are

equipped with a clock and me mo ry chip. Through ra di o te -

le me try, the mo ments of first and last mount on a cow – and

thus the start of es trus – can be re cor ded. Thus an ac cu ra te 

timing of in se mi na ti on can be achie ved (Seng er 1994; Wal -

ker et al., 1996; Xu et al., 1998; Rae et al., 1999) 

The elec tri cal re sis tan ce of the va gi nal mu cus and mu co sa

chang es du ring es trus (Can field and But ler, 1989; Phil lips et 

al., 1991; Kit wood et al., 1993 ). The lo west re sis tan ce coin -

ci des with the maxi mum of the pre o vu la to ry LH sur ge and

can thus be an ex cel lent pre dic tor for ovu la ti on. Ho we ver,

ef fi cien cy and ac cu ra cy vary be tween stu dies and are not al -

ways 100%. Elec tro des have been im plan ted that can be

read by ra di o te le me try, but were not prac ti cal (Leh rer et al.,

1991; Seng er 1994). The Ova tecÒ, a com mer ci al ly avai la ble

pro be, me a su res the con duc ti vi ty of the va gi nal mu cus. It is

clai med that this pro be can also be used to de ter mi ne the sex

of the offspring (Weh ner et al., 1997). Ho we ver, Ro rie et al.

(1999) could not re pe at this ef fect of in se mi na ti on ti ming.
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The de tec ti on of sys te ma tic chang es in the Fou rier

trans form of the in fra red (FT-IR) spec tra in milk could be a

way for de tecting cows in es trus, but so far the re sults are not

yet re a dy for prac ti ce (No rup et al., 2000).

Vi deo ca me ra

Vi deo ca me ras can also be used to de tect cows in es trus.

Ho we ver, for lar ge herds more ca me ras are nee ded be cau se

of the re so lu ti on of the equip ment. The re cog ni ti on of the

cows can so me ti mes cau se pro blems (own ob ser va ti ons),

cert ain ly in herds of sing le co lor breeds. The sy stem can be

equip ped with a time lap se VCR, thus re du cing the time

spent on de tec ti on. Anot her op ti on is to con nect the VCR to

a la ser beam that is di rec ted over the wal king area of the

cows. When the beam is in ter rup ted by the moun ting be ha -

vi or of a cow the VCR starts run ning. In this way the amount 

of time nee ded to watch the vi deo ta pes is mi ni mi zed (Boyd, 

1984; Hur nik and King, 1987)

Elec tric nose

Cows ex cre te pher omo nes du ring es trus, which are me ant

to be de tec ted by the bull (Che no weth, 1983; Kid dy, 1984;

Pa le o lo gou, 1977; Deh nard and Claus, 1996). Dogs can be

trai ned to de tect the se pher omo nes (Je ziers ky, 1991). Re -

cent ly, an ar ti fi ci al me thod (the ‘electronic nose’) has been

de ve lo ped to de tect the es trous pher omo nes (Lane and Wat -

hes, 1998). Although the re sults are pro mi sing, prac ti cal ap -

pli ca ti ons of the sy stem have not yet been re por ted. 

Me a su ring body/milk tem pe ra tu re

Incre a ses in body tem pe ra tu re (± 0.3 - 0.9 °C) du ring es -

trus can be used to de tect es trus (Ball et al., 1978). Va gi -

nal/rec tal/ear skin tem pe ra tu re can be me a su red, even with

im plan ted ra dio-te le me tric de vi ces (Red den et al., 1993;

Kyle et al., 1998). Milk tem pe ra tu re has a high cor re la ti on

with rec tal tem pe ra tu re and can be me a su red on li ne du ring

mil king (Ma atje and Ros sing, 1976; Ford ham et al., 1987).

The de tec ti on ra tes may be at an ac cep ta ble le vel, but the

me thod pro du ces lar ge num bers of fal se po si ti ve in di ca ti ons

(Ford ham et al., 1988).

MO NI TO RING THE OVA RI AN AC TI VI TY

The re are three ways of mo ni to ring ova ri an ac ti vi ty:

Rec tal pal pa ti on

Rec tal pal pa ti on is an ac ti on that is of ten per for med by

the ve te ri na ri an. It is a good way to ob tain in for ma ti on about 

the sta tus of the re pro duc ti ve or gans of fe ma le catt le. Re gu -

lar pal pa ti ons can con firm the cy cli ci ty or preg nan cy of a

cow, pre dict a fu tu re es trus, etc. Pal pa ti on of the ute rus at the

mo ment of in se mi na ti on by the in se mi na tor can pre dict the

suc cess of the in se mi na ti on (Loef ler et al., 1999; Stur man et

al., 2000).

Ultra sound ima ging

Ima ges of the ova ries and ute rus can be ob tai ned using

trans rec tal ul tra so no grap hy. Re gu lar scan ning will re ve al

de tai led in for ma ti on about the re pro duc ti ve sta tus of the

ani mals. Accu ra te di ag no sis of preg nan cy and fol li cu lar

cysts is pos si ble in this way. (Ree ves et al., 1984; Pie ter se et

al., 1990; Ka mi mu ra et al., 1993;  He nao et al., 2000). Fre -

quent rec tal ul tra sound exa mi na ti ons do not in ter fe re eit her

with the es trous cy cle or with the ti ming of ovu la ti on (Roe -

lofs et al., 2004).

Re gu lar milk or blood sam ples

Milk or blood (or even sa li va) sam ples that are ta ken re -

gu lar ly (e.g. 3 ti mes a week) can be used to de ter mi ne hor -

mo ne le vels in or der to mo ni tor the cy cle of a cow. Pro ges te -

ro ne is of ten used in scien ti fic stu dies, but also in dai ly

prac ti ce it can be of va lue. Se ver al test kits for pro ges te ro ne

in milk have been de ve lo ped and are com mer ci al ly avai la ble

(Bran des et al., 1988; Gao, 1988; Elmo re, 1989; Ne bel et

al., 1989; Ruiz et al., 1989; Schal len ber ger, 1990; Eldon,

1991; Wil li ams and Mc Leod, 1992; Ra ja ma hen dran et al.,

1993 ). Clay comb and Del wiche (1998) de ve lo ped a sy stem 

for me a su ring pro ges te ro ne le vels on li ne du ring mil king.

Not all the cow-side test kits are very re li a ble, and most of

them are too ex pen si ve to use on a lar ge sca le. 

ES TROUS BE HA VI OR DU RING PREG NAN CY

Preg nant cows so me ti mes show es trous be ha vi or, in clu -

ding even stan ding es trus (Do nald 1943; Chau han et al.

1976; Kai ki ni and Fa si hud din, 1984; Erb and Mor ri son

1985; Dijk hui zen and Van Eer den burg, 1998; Tho mas and

Dob son, 1989). This can oc cur at a re gu lar in ter val of

around 21 days. In many ca ses the cows are rein se mi na ted

be cau se the far mer sup po ses the cow is not preg nant.

Around 4% of the cal ves in the Ne ther lands are the re sult of

an in se mi na ti on pre vi ous to the last one, 0.16% of the cal ves 

are the re sult of two in se mi na ti ons be fo re the last one (Dijk -

hui zen and Van Eerdenburg, 1998).

Sin ce some preg nant cows show es trous be ha vi or, they

can also in ter act with es trous ani mals and help the far mer

with es trus de tec ti on (Dijk hui zen and Van Eer den burg, 1998;

Tho mas and Dob son, 1989).
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CON CLU SI ON

Estrus de tec ti on on the farm is most ly ba sed on the be ha -

vi or that cows ex press be fo re they ovu la te. Although the le -

vel of ex pres si on is sub stan ti al ly lo wer than it used to be se -

ver al de ca des ago, a far mer can still de tect when his cows

are in es trus. Se ver al aids have been de ve lo ped, but most of

them are not re li a ble or sen si ti ve enough to re lie ve the far -

mer from fre quent vi su al ob ser va ti on of the herd. Pe do me -

ters and moun ting heat de tec ti on de vi ces seem to be the

most pro mi sing de tec ti on aids. 
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