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OPSOMMING. Dl l .  G l  L I  I t sAARHt  lD  VAN D l l '  S l  RV IKA I  t  MUKUS AS  'N  VOORSPL :LLLR VAN OVULASIE  BY  VL l r l s -
t s I ,T -SKOI  I I  WA- f  M I ,T  CLOPROSI - I . ,NOL  ( ; I  S INKRONISLF-R  IS

'n  Konrtnerrrc lc goletbaar l tetdsmrlcr  r r  gcbrurk orn dlc vcrandcrtnge in dte c le ktr tcx 'gclctbaarhetd van dre servrkale,  mukus van Mashona-

cn -A f r t kanc rk r . re re  wa l  me t  c lop ro \ l cno l  scs rnk ron lseer  i s .  1c  mon t lo r  t -n 'n  po$ng  om d re  op t tma le  t yd  v l r  kunsn la t€c  rn \e rn rna \ rc  l e

voorspe l  Gc le ibaarhe tds  les rngs  hc t  
' n  

l aag tepun t  n ( ' l  voo r  o l  l ydenr  b rons l rghe id  be re i k : ' n  pa t roon  en  pe i l c  wa l  oo reenges tem he l  mo t '

d rd  van  andc r  werke rs .  Gcen  ve rsk i l  I n  pa t roon  o f ' pc r l  van  ge lc ibaarherd  r r  l u \ \ r ' n  rasse  o l ' t u \ sen  koere  wa t  bcse  t  o l ' n rc  bcsc l  gc raak  he t .

waargenctnr  nrc. .  Daar u 'as t lok gc 'cn vcrskt l le tussen dre kocic wal  lekens van bronst ighetd gr"r toon en die wal  dr l  nre e\ t ru\gt : toon het  n ie.

Inscmml r te  l ydcn r  d tc  r l ad tum van  laags tc  ge lc rbaarhc id  na  2  rnspu i t rnes  van  c lop ros leno l  l l  dac  na  mckaar  he t  
' n  

hoc r  bese t t rngsy fe r

geloon a\  m\emLna\re op 
'n 

tydsbasrr  van 72 en 96 h.  naaml ik nr  dre Mashonakoeie 57 lecnoor 40 persent  en vrr  dre Afrrkanerr  42

teenoor l9 perscnt .  Inremrnase by waargcnomcc\t ru\  na'n enkele c loprostenolrnspur l ing gevolg deur 
'n 

verdere rnspui t ing of  inseminasie

op 'n 
tydsbasis vtr  drei  kocre wal  n le op drc aanvankl ikc tnspui lmg gereagcer hct  n ie het  

'n gemrddelde beset t ingsyfer  van 50 persent  by

dic Ma*rona- cn l9 persent  by dre Afrrkancrkocrc lot  gevolggchad. Van dte koeie u 'at  tydcns dre laagste gele ibaarhclds lesmg goinsenrrneer

is,  het  69 persent  van dre Mashonascn 83 pcrrenl  van die At ' r ikancrr  bcser l  gcraak.  Die oorblywendes het  bcset  gcraak na inseminer ing'n

dag na dte laagste lesrng.  T 'ussen 30 cn 40 pcrscnl  van dic koetc van berdc rassc hc ' t  drc laagste gelcrbaarherds lesing op die dag voor

bronst ighetd gehad. Van hrcrdte koctc hel  berx ' t  geraak na In\emrnasre tydenr laagrte lestng wat mag aandui  dat  vrugbare ovulasie by

sommrge koeie aanstenl ik  vroedr a\  mct drc aanvang van sgbare e\ t ru, i  p laasvrnd.  Dre wyc versprerdrng rn beide aanvang van bronst ip iheid

en laagsle gcle ibaarhetds lesingr van lu\ \cn 48 cn 168 h na dte lwcedc s inkroruscrende insputrng sal  ook'n hoe beset t ingsyfers tussen enige

kombmastc van 2 insemlna\rc\ .  gcbasccr op'n tydsbar is,  by hterdre rasse teewerk.

SUMMARY..

A commerctal  conductrvr ly  de tcc lor  wasuscd to moni tor  the changcs m the conduct iv i ty  of  the cervrcal  mucus in Mashona and Afr ikaner

beef cows synchronrred wrth e loprortenol  rn an at lempl  to prcdrc l  thc opt tmum t ime for  ar t r l lcra l  ln\emmat lon.  The recorded con-

ducUvtty valuer,  pnol  to,  durtng and al ' te ror \ t ru\  wcrt '  o l 'a  stnr t lar  level  and pal lem to lhost '  f 'ound by othcr workers,  the nadir  occurr ing

at  or  c losc to ocstru\ .  Thcrc vrr ! - r '  n()  dr f tercnces tn thc pat tcrn or  levcl  of  conducWtty readings bctween breeds nor in those f rom

animals t l tat  concctved and thosc that  drd not .  Srmrlar ly ,  lhe rr  were no df fercnc"es between animals that  drsplaycd s igns of  oeslrus and

those that  d id not .  lnscmrnatron to thc lowest  conductrvr ty rcadrrg,  af ter  two c loprostenol  in ject ions I  I  days apart ,gave higher concep-

t ton  ra tes  fo r  bo th  Mashona  and  A t ' r r kanc r  cows(57  and  40  pe r  ccn t ) ,  t han  f i xed - t ime  rnsemina t ions  a t  72  and  97  h  (42  and  l9  pe r  cen t ) ,

or  insemrnal ion to observe'd or ' \ t ru\  af tcr  a srngle c loprostenol  rn ject ion,  fo i lowed by a l 'ur ther r r ject ion and hxed-t imeinseminat ion for

t iose not  responding to the rnr t ra l  rn lect ion (50 : rnd l9 per cent) .  Of those animals rnsemrnalcd to lowest  conduct iv i ty  readings.69

per cent  of  the Mashona and 8l  per ccnt  of  the Al ' r rkaner concervcd to inseminat ions at  the nadir .  the remamder conceived to insemina-

l tonr on lhe day al ' ter  thc nadrr .  In both breeds 30 to 40 per ccnt  o l 'animals showed therr  lowesl  conductn4ty reading on the days pr ior

to thc onset  o l 'oe\ l ru\ .  Inscnrmatron of  lhcse animals to thcrr  lowert  reading resul ted in a proport ion conceiv ing whjch

\uggesl \  thal  In somc cous l ' r r l t le  ovula l ron occur\  substant . ia l ly  eart ier  lhan the onsel  of  behavioural  oestrus.  The broad temporal

sprcad ol '  onret  of  ocstrus and loucrt  conduclrwty readlngr,  48 to 168 h af ter  the sccond synchronisrng rn ject ion.  wr l l  a lso mit igate

agamsl h lgh c:onccl l t lon ra lc\  f . rom any eonrbinat ton ol ' two l - i rcd- l i rnc rnseminatron\  rn lhese breeds of  cow.

The problem of oestrus detect ion is the major drawback
to the implementat ion of  ar t i f ic ia l  inseminat ion (AI)
programmes in beef cattle (Britt , 1979). The advent ot'
methods for synchronisat ion of  oestrus fo l lowed by AI
have improved the si tuat ion under certain condi t ions
(Britt, 1979). I lowever, these systems have yet to
provide consistently acceptable results in cycling beef

cows in Zimbabwe (Ward, H.K., personal communication)
and elsewhere in Africa (Trail, Sacker & Fisher, l97l:
Buck, Light & Makobo, 1980), particularly with regard
to fixed-time insemination after svnchronisation.

Numerous aids for the detection of oestrus have been
described, though visual observation has invariably

l l 9



proved the rnost eft ' icient and consistent despite
i ts inherent uncertaint i t ies (Donaldson, 1968; King,
tlurnik & Robertson, 1976\. Accurate visual detection
of oestrus requires frequent observation of groups ol'
cows, as oestrus can commence at  any t ime and may be
less  than 4  hours  dura t ion  (K ing  e t  a l . ,  1976 Wi l l iamson,
Mor r is ,  B lood & Cannon ,1972\  and is  there fore  no t  su i t -
able for  large herds urrder extensive ranching condi t ions
( B u c k ,  S e r e m a  &  S t a u g a a r d ,  l 9 7 5 t B u c k . e t  a l . ,  1 9 8 0 ) .

The vagino-cenical mucus in cows undergoes many
changes during the oestrous cycle (Norman, Schultze &
Ellington, 1975) and of these changes, the electrical
conductivity has received considerable attention as an
aid for oestrus detection (Edwards & Levin, 1974;
Foote, 1975, Gartland, Schiavo, Hall, Foote & Scott,
1976; Schams, Schallenberger, Hoffman & Karg, 1977;
Heckman, Katz, Foote, Olternacu, Scott & Manhall,
1979). The change in electricalconductivity of themucus
at or about oestrus is closely related to the endocrine
events occurring at the same time (Owen, 1978).

The present study was conducted to evaluate the poten-
tial of an 'oestrus' detector based on the measurement of
the conductivity of cervical mucus for improving con-
ception rate in synchronised Afrikaner and Mashona
beef cows.

Procedure

The 'oestrus' detector used in this trial was that described
as a ring-electrode type (Gartland et ol., 1976) and is
commercially available as the AHD- I Heat Detector
(ABS (Pty.) Ltd., Pretoria, South Africa). The probe
was inserted fully into the cow's vagina so that the
electrodes were close to the cervical os (Owen , 1978)
and moved around to record the lowest consistent
reading. The detector probe was cleaned and calibrated
after every l0 readings and was placed in disinfectant
between cows. Before the probe was inserted into the
next cow it was rinsed with clean water. The probing
and reading took between 45 and 90 seconds per cow.
It was found esential not to allow air into the vagina as
erroneously high values resulted. All readings were made
by one operator. During the luteal phase of the oestrous
cycle,  conduct iv i ty readings as quoted by the distr ibutor
should be of the order of 80-100; during oestrus itself
values should fall to about 35 (ABS (Pty.) Ltd., South
Africa).

Visuol observation of oestrus

All animals were observed continuously from 0600 -

1800 h daily during the treatment period for signs of
behavioural oestrus by 3 specially trained stockmen.
The type of activity seen and the cows involved were
noted independently by the stockmen at half hourly
intervds. Signs of mucus discharge from the vagina,

uterine tone and condition of the cervix were also noted
during probing and at insemination.

Exp erimental onimals and teatments

Seventy - two Mashona and 48  Af r i kaner  lac ta t ingcowsof '
which 24 Mashonas and l6 Afr ikaners were assigned ran-
domly  to  each o f  3  g roups  were  used in  the  exper iment .
Al l  animals were at  least  75 days post partunr at  the start
o f  the  exper iment  (January ,  l9 '79)  and cyc l i c  ovar ian
funct ion was conf i r rned by rectal  palpat ion at  10 intervals.

The control group (Group I ) received 2 intramuscular
injections, each of 2 ml, of the syhthetic analogue of
prostaglandinn F2 s,  c loprostenol  (E,strumate,  I .C. l .
Pharmaceuticals Ltd.), I I days apart (Dobson, Cooper
and F'urr, 1975'), and were inseminated at 72 h after
the last injection with Mashona semen and at 96 h
with Hereford semen.

In  Group I  an ima ls .  the  conduct rv r lv  reu t l rngs  were  taken
each morning (0830 - 1000 h) after having received
the same cloprostenol treatment as Group I . The animals
were inseminated when the conductivity reading dropped
markedly to a value close to that suggested by the
distributor (ABS (Pty.) Ltd South Africa) as indicating
oestrus. A further insemination was performed if the
conductivity dropped to a value lower than that of the
previous day, and again when the conductivity began
to rise from its lowest value. [n any given animal, the
first insemination was Mashona semen. the second
Hereford and the third, if given, Brahman.

In Group 3,  animals al l  received one cloprostenol  in lec-
t ion,  af ter  which they were inseminated approximately
l2  hours  a f te r  over t  s iens  o f  oes t rus .  An imals  t l ra t  had

Table I

The lowest conductivity reodings recorded in cows
associated with silent ovulations and fertile and
tutn-J'e'rtile oesrr()us periotls Jor the tw,o breeds

Lowest conductivity reading

x S D C V % n

Mashona
Fertile oestrus
Non-fert i le oestrus
Silent oestrus

3 4 9
4 1  8
3 3  l 0

2 8  t 4
1 9  t 0
3 0 7

Afrikaner
Ferti le oestrus
Non-ferti le oestrus
Silent oestrus

34
3 8
38

7  1 9
1 3  3 4
7 2 0

5
7
3

t 2 0



Fig. I. Conductivity reodings of centical mucus on the
doy (day 0) of lowest value recorded for
llashona (0) ond AJrikaner X, (ollset) ol'utws
of Group 2

not been inseminated by l0 days after the init ial clo-
prostenol injection received a second injection on the
eleventh day, followed by inseminations at 72 and 96
hours. Again, the first insemination was Mashona semen
and the second Hereford: thkd inseminatiors were
not used in this group.

Results and Discussion

The pattern of cervical mucus conductivity readings in
Mashona and Afrikaner cows of Group 2, aligned on the
lowest reading obtained is shown in Fig. l. This pattern
is similar to that observed by other worken in dairy
cows and heifen (Leidl & Stolla . 1976; Schams et ol.,
1977 ; Heckman e t aL , 1979; Foote, Oltenacu, Kummer-
feld, Smith, Rjck & Braun, 1979). As was observed by
Foote et ol., (1979) there was no apparent difference
between ferti le and non-ferti le oestrus. Similarly, there
were no differences in pattern or levels recordedbetween
the two breeds, whether the oestrus was silent or not
(Table I ). There was, however, a tendency for animals
to conceive more readily if the lowest reading was
below 35 and the decline to and rise from, the nadir
was steep. It is suggested that this tendency may not
necessarily reflect fundamental differences in fertility,
but rather that in those cows which have a less steep
descent to a nadir between 40 and 45. it is more diff icult
for the operator to identify the conect day on which to
inseminate.  Probing at  l2 hour intervals,  at  or  about the
nadir, may remove some of the uncertainty associated
with the predict ion.  In th is regard i t  should be noted
that it is the pattern of fall of the conductivity readings
that is important,  and a s ingle low reading in rsolatron
is not sufficient for an accurate prediction- The experierice
of the operatorwil l therefore be a major factor in obtain-
ing acceptable conception rates with the aid of this
instrument.

The conception rates for each of the three groups are
broadly comparable to results obtained for beef cows in
Zimbabwe, both on research stations (Ward, H.K.,
personal communication) and by commercial insemina-
ton (Francis. A.B.G., unpublished results) and elsewhere,
(Wilson, Benecke, Irvin, Ludwick, Manhall & Wallace,
1979). In the Mashona, the use of the conductivity
detector (Group 2) gave an improvement of 7 per cent
in concept ion rate over the Group 3 system and l5 per
cent over f ixed-t ime AI.  In the Afr ikaner a 2l  per cent
gain was obtained over both f ixed-t ime and the Group 3
sys tem (Tab le  2 ) .

These results confirm that the conductivity detector can
provide at least an equally precise predictor of the
optimum time to inseminate as oestrus itself which is
further illustrated by the coded semen results for Group 2
(Table 3). By far the higher proportion of animals of
both breeds in this group conceived to an insemination
performed at the nadir, rather than to inseminations as
the conductivity began to rise on the day after the
nadir. Furthermore, endocrine activity as determined
by a fall in the conductivity readings (Owen, 1978)
was recorded in 35 per cent of the Mashona and 23 per
cent of the Afrikaner, where no overt signs of oestrus
were evident to the observing stockmen. However,
short oestrous periods may have occurred during the
night in a proportion of these animals.

The distribution of the onset of oestrus behaviour after
cloprostenol treatment in this trial (Table 4) corresponds

Tab le  2

Percentage conception ond number of insemirutions
per conception (in parentheses) for all groups

Mashona Afrikaner

Group I
2 x P G
AI at  72 and96 h

42 (48)  le  ( l  I ,0)

Group 2
2 x P G
AI to 'oestrus' detector

s7 (4.0) 40 ( s,s)

Group 3
I  x P G
AI to observed oestrus

2nd PG
AI at 72 and96h
Overail

67  ( t ,7 )  43  (  2 ,3 \

22 (eg  0 ( -  )
50 (2,9) l9 (  8,3)

t2 l



Mashona
Afrikaner

Table 3

The percenttge of pregrwnt cows of each breed in
Group 2 conceiving to fint, semnd and third

inseminations using coded semen

l s t  A I r Znd N2 3rd AI3

48 to  96 h a f ter  the second in jec t ion.  S in i i la r ly ,  80
per  cent  o f  the lowest  conduct iv i ty  readings were

ob ta ined  du r i ng  48  t o  120  h  i n  G roup  2  an ima ls .

Recent work in dairy cows has shown that the lowest
conductivity value corresponds closely to the pre-
ovulatory surge of luteinising honnone (LH) (Schams
et aL, 1977 . Owen, 1978) and that the changes in the
conductivity of the cervical mucus is in response to
changing levels of oestrogen and progesterone in the
blood at  th is t ime (Owen, 1978).

Various estimates of the time interval from the LH
surge to ovulation in cows have been made;28,7 + 0,7 Ir
(Chr istensen, Echternkamp & Laster,  1975),  25,1 !  69 h
(Schams et al., 1977). tf this interval beween the pre-
ovulatory LII surge and clvulation (approx. 30 h) is
considered in relation to the distribution of lowest
conductivity readings shown in 'fable 4, it fcrl lows that
some 20 to 30 per cent of ovulations in both breeds wil l
occur later than 120 h after the second PG injection.
This value wil l represent the percentage of animals that
may not reasonably be expected to conceive to in-
serninations at72 and 96 h after the second PG injectic-rn
(Group l). This estimate contrasts witl 'r those of Cooper
(1974) and Dobsan et al. (1975) for dairy herds where
possible conceptions to inseminations at 72 and 9b h
would approach 95 per cent based on the distribution
of observed oestrus.

The conclusion is that two fixed-time inserninations
following cloprostenol synchronisation (Group I ) in the
Mashona or Afrikaner wil l not give acceptatrle conception
results, no matter what choice of insenrirrrt. ion times is
made. To deal with the broad temporal spread of oestrous
activity evident in these 2 breeds following cloprostenol
treatment, insemination must take place at the physio-
logically correct moment, to ensure coincidence of
sperrn and ovum.

l 6
0

69
83

l 5
t 7

2 .

a
J .

None of the frst AI with Mashona semen were
performed on the day prior to lowest reading,
nor were any inseminated subsequent to the nadir.

None of the second AI with Hereford semen were
performed on the day of lowest readings; therefore
all were done on the day a rise was perceived after
the I st insemination.

All performed on the day when a rise from the
nadir was perceived and represent the uncertainty
associated with the correct identification of the
nadir, and as such are functionally equivalent to
the second insemination.

closely to results obtained in commercial artificial
insemination prografirmes on large numbers of beef
animals ( > 900) in Zimbabwe (Francis, A.B.G., un-
published results). About 80 per cent of all oestrous
activity started between 48 and 120 h after the second
cloprostenol' injection, a greater temporal spread than
that observed by Cooper (1974\ and Dobson, Cooper &
Fur r  (1975)  who found tha t  100 per  cent  o f  da i ry
(hei fers)  commenced oestrous act iv i ty dur ing the per iod

Table 4

Percentoge distribution of onset of oestrus and lowest conducttvity readinp
following the second PG iniecrion in Group 2 onimals

Hours after second PG iniection

4 8 - 7 2 7 2  - 9 6 96 - 120 t20 - t44 t 4  -  t 6 8

Oestnts
Mashona
Afrikaner

24
52

39
t 4

1 8
t 4

8
t 4

l l
5

Conducrivity
Mashona
Afrikaner

48
6

t l
8

l 3
30

l 3
8

t22
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D a y s  b c l i r r e  a n d  r t t r r  t l r f  o l  l o w t s t  r r r d i n g

I'-ig. 2. Percentoge (t'('ows in Group 2 showing oestrus
on the doy of lowest conducfivity reoding

1Da_t, 0), antl prior to, ond aJter day oJ'lowest
reading. Tlrc proportion ol'cow,s conceiving to
an inseminotion in each class are sltown stippled

Though the results do confirm the close temporal
relation of the strarp conductivity dip to oestrus that
has been shown previously by Noonan, Schultze &
El l ington (1975),  Schams et  a l .  (1977) and Foote et  a l .
(  1979),  th is correspondence of  oestrus and lowest
conductivity is not, however, exact. To i l lustrate the
relation between conductivity and oestrus more precisely,
the percentage of cows of the 2 breeds commencing
oestrus on the day of lowest conductivity, on days
pr ior  to,  and fol lowing day of  lowest conduct iv i ty are
shown in Fig.  l .  The proporf ic ln of  each class conceiv ing
to an inseminat ion on the da1, '  of  lowest conduct iv i ty is
also shown. t r i f ty  to 60 per cent of  animals of  both
breeds started clestrus and showed lowest conduct iv i ty
on  the  same day ;  be tween 30  and 40  per  cent  o f  bo th
breeds showed their  lowest conduct iv i ty pr ior  to onset
and l0 to 20 per cent the day af ter  the onset of  oestrus.
I t  is  important to note that  sonte animals conceived to
inseminat ions  a t  the  lowest  conduct iv i t y  48  to l2  h  p r io r .
and 24 to 48 h pr ior  tc l  the onset of  behavioural  oestrus
in the Mashona and Afr ikaner respect ivelv.

This asynchrony between oestrus and lowest conductivity
and by extension the pre-ovulatory LH surge, depicted in
Fig.  2 would serve to reduce the concept ion rate in
animals inseminated to behavioural oeslrus (Group 3)
though not to conduct iv i ty detector readings (Group 2).
On the basis of the present data it is not possible to
accurately predict the effect this particular phenomenon
may have on conception rate, though the proportion of
animals showing a large asynchrony,that is those animals
whose lowest conductivity reading was obtained 2 to 3
days pr ior  to onset of  oestrus,  was 25 per cent of  the
Mashona and l0 per cent of  the Afr ikaner.  A possible
explanat ion for  th is phenomenon is that  ' threshold '

levels of oestrogen are required to trigger LH release
and onset of behavioural oestrus, and that the threshold
for the release of LH is reached at a relatively early stage
causing ear ly ovulat ion in relat ion to the onset of
behavioural oestrus. A similar suggestion has been
made by Evans & Robinson (1980) to explain a l ike
phenomenon in sheep. [^and, Pelletier, Thimonier &
Mauleon (1973) have postulated that in natural ly fer t i le
breeds of sheep, the threshold is greater than in less
ferti le breeds, and it takes longer to build up sufficient
oestrogen to trigger LH release and therefore gives a
better correspondence between oestrus and ovulation.

In support of this suggestion is the observation from
Group 2 animals that 80 per cent of those animals
showing nrucous discharge and good uter ine tone (60 per

cent of all animals probed) also exhibited their lowest
conductivity at the same time. A high proportion of
those animals showing substantial asynchrony is included
amongst this 80 per cent. This observation would
suggest that in certain animals the oestrogen 'threshold'

for manifestation of certain physiological events is
reached earlier than that for the full expression of the
behavioural components of oestrus.

Further detailed work wil l be required to resolve the
relations between endocrine events and the various
physiological and behavioural components of the oestrous
per iod and their  ef fect  on concept ion in beef cows.
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