
SUMMARY
Vaginal electrical resistance (VER) value measurement, which is a noninvasive method, is used to determine the estrus, appro-
priate insemination or mating time in sheep. The aim of this study was to investigate the availability of vaginal resistance val-
ues to evaluate the success of estrus synchronization program and to estimate early pregnant and returning ewes. Besides, it was
also aimed to reveal the pregnant and non-pregnant ewes during the first trimester of pregnancy. Thirty-four healthy Awassi ewes
were used in the study. Intravaginal sponges were inserted to ewes for 11 days and 0.075 mg d-cloprostenol was injected intra-
muscularly at the day of sponge withdrawn. Ewes were mated with fertile rams in estrus. Key times of the study were the day
sponge insertion (D0), the day of estrus (DE), sixty hours after sponge removal (h60), eighteen days after estrus (D18pe), thirty-
five days (D35pe) and fifty days after estrus (D50pe). VER value was measured on D0, DE, h60, D18pe, D35pe and D50pe. Progesterone
concentration was measured from blood samples of D0, DE and D18pe. The change in VER value and progesterone concentra-
tion on different days (D0, DE, D18pe) of the estrus synchronization protocol was significant (P<0.001). While VER measurement
was not significant in the early diagnosis of pregnancy (P>0.05) on D18pe, it was found to be significant (P<0.05) in identifica-
tion of returning ewes. VER cut-off value was found to be <255 ohm for determination of returning ewes. There was no signif-
icant (P>0.05) difference in VER values of pregnant and non-pregnant ewes at D35pe or D50pe. As a result, VER value measure-
ment in the first trimester of pregnancy does not seem to be useful in determining both of the presence and the day of pregnancy.
On the other hand, VER measurement can be useful in evaluating synchronization success and determining the first spontaneous
estrus after induced estrus in the absence of teaser rams under field conditions.
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INTRODUCTION

Sheep are seasonal polyestrous animals that cycling every 16-
18 days during the breeding season. Awassi sheep may not be
considered a prolific breed due to low litter size, approximately
1.08 1. Therefore, it can be said that there is a high demand for
fertility programs, whether professional or conventional
breeding models. The average duration of estrus is 35-45 hours2,
and it’s difficult to detect as in other sheep breeds. The im-
portance of estrus detection increases with the intensive applies
of estrus synchronization and artificial insemination in sheep.
The only accurate indication on the field that a sheep stands
estrus is acceptance of a ram in mounting. Techniques have been
developed by using this indicator such as vasectomized teas-
er males3, marker crayon on the male4, electronic mount de-
tectors5 and video tracking of behavioral patterns6. However,
there are difficulties in applying each method in field condi-
tions associated with increased herd size5. It has been suggested
that the general condition of the rams, the ratio of rams to ewes

in the herd, the competition between rams for estrus ewes may
change the reliability of the use of teaser rams in detecting es-
trus7.
The most informative method to evaluate female’s fertility is
to measure steroidal hormones in the bloodstream8. Howev-
er, it’s rarely applied due to the individual handling of each an-
imal, the extra cost of analysis, and the need for professional
staff. Therefore, it seems more advantageous to use noninva-
sive methods following the reflection of steroidal hormones in
the detection of estrus. During estrus, the NaCl level of the vagi-
nal mucus increases with the effect of estrogen, adrenocorti-
cotropic hormone and aldosterone, which increases the vagi-
nal electrical resistance (VER)9. VER value was frequently used
to detect estrus or ovulation and proper time of insemination
or mating in many species10-13.
We hypnotized that the VER measurement, which is an avail-
able method in the field conditions, can be used in many stages
of the estrus synchronization program. Therefore, three con-
secutive phases of a single synchronization program were eval-
uated for the purposes of the study: i) to determine the mean
VER values and serum progesterone (P4) concentrations of ewes
on the key times of the estrus synchronization protocol, ii) to
investigate the use of VER values in the detection of pregnant,
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non-pregnant and estrus ewes before the ultrasound imaging,
and iii) to compare the VER values of ewes in first trimester
of pregnancy with non-pregnant ewes. In other words, it was
aimed to demonstrate the effectiveness of VER measurements
in evaluating the success of estrus synchronization, in the ear-
ly diagnosis of ewes that conceive or not after synchronization,
and in revealing pregnant ewes on the first trimester and non-
pregnant ewes.

MATERIALS AND METHODS

This study was conducted in Belen, Hatay province in eastern
Turkey, in the breeding season (late June to July). The study was
approved by the local animal research ethics committee of Hatay
Mustafa Kemal University, with the approval number of
2021/06-07.

Animals and Management
Thirty-four healthy Awassi ewes with a mean body weight of
42-47 kg, aged 3-5 years were used. Ewes were housed in a semi-
enclosed shelter with open air ventilation system, away from
rams and allowed 8-12 hours of natural grazing. Ewes were re-
ceived regular antiparasitic treatments (Okzan®, Ceva, Turkey;
Blotic %7®, Topkim, Turkey) and vaccinations (Biocan-R®, In-
terhas, Turkey; Supervac-9®, Vetal, Turkey; Brudoll-M®, Dol-
lvet, Turkey; Poxvac®, Vetal, Turkey).  

Study Design
Estrus was synchronized with Medroxyprogesterone acetate
(MAP) impregnated intravaginal sponges in 34 ewes. After the
sponge withdrawal, rams joined the flock for 3 days. Blood sam-
ples were collected from all ewes for serum P4 measurement
at the time of sponge insertion (D0) and on the day of estrus
(DE). VER values of ewes were measured and noted at D0, DE

and 60 hours after sponge removal (h60). 18th days following the
estrus (D18pe), blood samples were collected from all ewes and
VER values were also measured and noted on the same day. Sub-
sequently, at 35 days after estrus (D35pe) and 50 days after es-
trus (D50pe), ultrasound imaging for pregnancy diagnosis was
performed and VER values were measured. Estrus synchro-
nization protocol and whole study design are given in Fig. 1. 
To illuminate the points where VER measurement can be used
in the synchronization protocol, the experiment was de-
signed as follows;
Evaluation of the success of estrus synchronization: Key times

were considered D0, DE, and h60. The variation of mean serum
P4 concentrations (on D0, DE, and D18pe) and VER values (on
D0, DE, h60, and D18pe) of ewes were evaluated.
Identification of returning ewes after synchronization: The us-
ability of the VER value in determining the returning ewes was
investigated. Key time was considered D18pe. VER and P4 con-
centrations were evaluated. Ewes were divided into two groups
according to serum P4 levels; Group E (n=17) with serum con-
centrations below 1ng/ml and Group L (n=17) with serum con-
centrations above 1ng/ml. Group E was assumed to be in es-
trus, while Group L was assumed to have a luteal structure in
the ovary. A cut-off value was calculated using the estrus vari-
able. VER values measured below the cut-off value was indi-
cated ewes stood estrus, while values above the cut-off value
was indicated ewes did not stand estrus. False positive and false
negative estrus detection rates were calculated. Accordingly
VER>cut-off value and P4<1 ng/ml were considered false neg-
ative, VER<cut-off value and P4>1 ng/ml were considered false
positive. 
Early identification of pregnant ewes: The usability of the VER
value in determining the early pregnancy diagnosis was in-
vestigated. D18pe, D35pe, and D50pe were considered key times.
Pregnancy diagnosis results at D35pe and D50pe and VER val-
ue in D18pe were examined. A cut-off value was calculated us-
ing the pregnancy variable. Values below the VER cut-off were
used to identify ewes that were not pregnant, and values above
the cut-off were used to identify ewes that were pregnant.
Monitoring the VER value in the first trimester of pregnancy
and comparing it with non-pregnant ewes: Key times were D35pe

and D50pe. Ewes were divided into two groups according to preg-
nancy results regardless of serum progesterone concentration
in D18pe; Group NP (n=17) non-pregnant ewes in both ex-
aminations and Group P (n=17) pregnant ewes in both ex-
aminations. VER values of Group NP and Group P were meas-
ured and the relationship between the groups and within groups
was evaluated.

Estrus Synchronization
Ewes were treated with intravaginal sponges containing 60 mg
of MAP (Esponjavet, Hipra, Spain) for 11 days. At the time of
sponge removal, intramuscular 0.075 mg d-cloprostenol
(Senkrodin®, Veta , Turkey) was administered. Ewes in estrus
after sponge removal were mated to five fertile rams natural-
ly. The rams were joined to the flock twice daily for two hours
(early morning and late evening), for three days, starting from
24 hour after the sponge’s removal. All ewes were exposed to

Figure 1 - Estrus synchronization protocol and parameters monitored during and after the protocol.
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coating anticoagulant. The blood samples were centrifuged at
3000 rpm for 5 minutes; their serum was removed and stored
at -20 ºC until the analysis of P4 by Direct Chemiluminescence
method (ADVIA Centaur® XP Immunoassay System Ready-
Pack, Progesterone (PRGE), REF 01586287, Siemens, USA).

Statistical analysis
All statistical analyses were performed using the SPSS software
package (SPSS 23.1.0.). The variation of P4 and VER values dur-
ing estrus synchronization analyzed with repeated measures
ANOVA. Similarly, relationship between the VER values of preg-
nant and non-pregnant ewes analyzed with repeated measures
ANOVA. Greenhouse Geisser’s test was used to adjust the de-
grees of freedom in case of the violation of the normality as-
sumption. ROC (Receiver Operating Characteristic) analyzes
was done to determine the cut-off value of VER for estrus de-
tection and early pregnancy diagnosis. 

RESULTS

The change of VER value and P4 concentrations during estrus
synchronization is given in Table 1. The cut-off for VER val-
ue was found to be <255 ohm (AUC: 0,721, 95% CI: 0.532-
0.909) on the determination of returning ewes (P=0,031) with
54.8% sensitivity and 93.8% specificity (Fig. 2). In detection

rams. The day when at least half of the ewes stood still during
mating with ram was considered the estrus day of the flock (DE).
3 days (72 hours) after sponge removal, rams left the flock and
did not come into contact with the ewes again.

Ultrasound imaging
Transabdominal ultrasonography was performed in the ewes
by real-time ultrasound device with 6-8 MHz probe (Falco 100,
Pie Medical, Netherlands). All examinations were performed
by the same veterinarian. In the diagnosis of pregnancy, visu-
alizing of vesicle, viable embryo with heartbeat at D35pe and
placentomes, fetal heartbeat and ossification, vesicles of em-
bryo at D50pe were accepted pregnancy criteria.

Determination of vaginal electrical
resistance 
Values of VER were determined with a heat detector (Dramin-
ski Electronics in Agriculture, Poland) according to method pre-
viously descripted 14. Before the determination of VER, vulva
of ewes was cleaned by a mild antiseptic solution containing
1% potassium permanganate. Then heat detector put in place
with vagina, and the average value of three consecutive meas-
urements was recorded.

Blood sampling and analyzes
Blood samples were taken from v. jugularis into tubes without

Figure 2 - The ROC curve at D18pe in a) estrus detection and b) early pregnancy.

VER (ohm, �) 485,45±21,12a 295,15±10,65b 322,73±16,86b 337,58±21,38b <0,001

Progesteron (ng/ml) 0,68±0,18b 0,28±0,02b 2,42±0,47a <0,001

Table 1 - VER values and P4 concentrations of ewes during estrus synchronization protocol. Different superscripts in same line show sig-
nificant differences (P<0.05).

D0 DE h60 D18 pe P

D0: the day of the sponge insertion, DE: estrus, 48 hours after sponge withdrawn, h60: 60th hours after sponge withdrawn, D18pe: 18th days post-estrus

a b

Kolda  Ürer Eceet imp_ok  31/05/23  15:15  Pagina 131



132 Investigation of the availability of vaginal electrical resistance during estrus synchronization in ewes

of estrus, 20.58% (7/34) false negative (VER>255 and P4<1
ng/ml) and 2.94% (1/34) false positive (VER<320 and P4>1
ng/ml) diagnosis were obtained according to VER measurement
on D18pe. 
A separate cut-off value was calculated for early pregnancy di-
agnosis, considering that there may be ewes who could not
maintain their pregnancy until ultrasound imaging, even if they
were on luteal phase (serum P4 value>1ng/ml) at D18pe. Ear-
ly pregnancy diagnosis related cut-off value of VER was
found insignificant (P=0.229) (with 90.9 % sensitivity; 95%
CI, 23.5 - 83.1 and 54.5% specificity; 95% CI, 28.8 - 96.7), (<270
ohm for non-pregnant ewes; AUC: 0.630, 95% CI: 0.440-0.821),
(Fig. 2). When the retrospective records of the pregnant ewes
were examined after the ultrasound examination, it was de-
termined that 70.6% (12/17) of the ewes in Group L and 29.4%
(5/17) of the ewes in Group E were pregnant.
Values of VER were found to be similar between pregnant and
non-pregnant ewes in D35pe and D50pe (P>0.05), while the
change of VER values was statistically significant in both Group
P and Group NP (P<0.05), (Table 2).

DISCUSSION

Although the breeding season of Awassi sheep varies accord-
ing to the environmental factors such as region or climate, it
starts in April and continues until September 15. In regions clos-
er to the equator, such as Jordan, the breeding season may not
begin until mid-July 16. In the Mediterranean region, where we
also conducted this study, June-July is considered the breed-
ing season 17. It was  reported that mean P4 concentrations be-
fore mating were 0.19±0.13 ng/ml (0.62±0.44 nmol/L) and dur-
ing the luteal phase in non-pregnant ewes was 3.4±1.03
ng/ml (11.0±3.3 nmol/L)18. On the other hand, it is known that
during the first estrus cycle of transition to the breeding sea-
son, the maximal serum P4 concentrations are lower compared
to the mid-breeding season in sheep19. The mean serum P4 con-
centration of ewes was 0.68±0.18 ng/ml at the time of sponge
insertion (D0) in this study, indicating that some ewes may still
be in the transition period considering previous studies 16. The
P4 concentration of ewes decreased during estrus (0.28±0.02
ng/ml) and increased sharply after 18 days of estrus (2.42±0.47
ng/ml). This fact indicates that estrus was successfully induced
by estrus synchronization program. 
A positive correlation was notified between VER values and
blood serum P4 concentrations 20. Although the P4 concen-
tration was low, the highest VER value of the study
(485.45±21.12 ohm) was measured (P<0.001) on D0, proba-
bly due to the absence of estrogen. VER values   decreased to the
lowest value (295.15±10.65 ohm) during estrus. Since the ear-
lier studies examining the efficacy of VER measurement in sheep
21, it is known that lower vaginal electrical impedance values

were observed in the follicular phase compared to the other
phases. However, a single VER value that would indicate estrus
in sheep seems unfeasible. Some variations of VER values are
possible at the same stage of different cycles of the same sheep
14.  In a recent study, the VER value was measured just before
the artificial insemination and it was reported that the VER val-
ue of the ewes that would become pregnant was lower than that
of the ewes that would not become pregnant, and the VER val-
ue of the ewes that would become pregnant was <300 ohm22.
Since the VER increased at the 60th hour of sponge withdrawal
(322.73±16.86) compared to estrus, it can be thought that most
ewe’s estrus stage was already ends. The mean serum P4 val-
ue (2.42±0.47 ng/ml) of the ewes on D18pe indicates that some
ewes have a luteal structure on their ovaries. Similarly, VER val-
ue on the same day (337.58±21.38) may indicate that ewes are
in the luteal phase rather than the follicular phase. As a result,
it was concluded that the VER value can be used to reveal the
success of estrus synchronization, even if it is measured in key
days of synchronization. However, measurement of VER in the
transition period is not recommending since there will be in-
dividual differences among the herd. 
The common practice in breeding herds of sheep is to mate un-
der controlled conditions after estrus has been detected dur-
ing the breeding season23. It is known that the main purpose
of synchronization is to ensure the effective planning of the
lambing season and to ensure homogeneous lambing in
terms of matching the supply and demand in the market24. How-
ever, pregnancy rate obtained with the breeding program may
vary depending on management factors and individual dif-
ferences such as age, feeding and housing25. Ewes that do not
conceive after an estrus synchronization protocol mate with
rams in the subsequent estrus. However, if the number of non-
pregnant sheep is higher than admissible, the basic homogeneity
target may be impaired in farms where the sheep/ram ratio may
be insufficient or where the rams are unavailable. According-
ly, it is necessary to identify non-conceived females as early as
possible and to implement a new fertility program. Earliest stud-
ies reveal that the P4 concentration in non-pregnant animals
is below 1 ng/ml at 18-22 days after mating in sheep26. Con-
sidering that the mean estrus cycle duration in Awassi ewes is
16-18 days15, we hypothesized that ewes without luteal struc-
ture in their ovaries should be in estrus again simultaneously
18 days after induced estrus. Serum P4 concentration was used
to reflect the presence of luteal structure. It was assumed that
if the serum P4 concentration is above 1ng/ml, luteal structure
is present, if it is below 1ng/ml, there is no luteal structure, and
the ewe was stand estrus. Ewes at re-estrus on D18pe had a VER
cut-off value <255 ohm. However, it should be considered that
cut-off success is approximately 59% in identifying estrus, and
94% in identifying non-estrus ewes. Therefore, it is not sur-
prising that there were 20.58% (7/34) false negative estrus
(VER>255 and P4<1 ng/ml) and 2.94% (1/34) false positive

Groups D35pe D50pe VER VER x Pregnancy Pregnancy

Pregnancy Group NP 440,59±28,84 331,88±24,05 0,002 0,861 0,528

Group P 451±50,27 361,25±18,71

Table 2 - VER value change at D35pe and D50pe in pregnant and non-pregnant ewes.

VER P

D35pe: 35 days after estrus D50pe: 50 days after estrus.

Kolda  Ürer Eceet imp_ok  31/05/23  15:15  Pagina 132



Koldaş Ürer Ecee et al. Large Animal Review 2023; 29: 129-134 133

estrus (VER<255 and P4>1ng). It is thought that false nega-
tive diagnosis may be due to the presence of acyclic animals.
When the individual records of these animals were examined,
it was seen that 6 out of 7 ewes were exhibited a similar pro-
file at D0 and DE, and did not conceive. On the other hand, false
positive diagnoses may be caused by measurement error. It is
thought that the rather low rate of false positive estrus diag-
nosis can be ignored if mating used as key method for con-
ception on post-synchronization re-estrus. However, measuring
only the VER value to decide on artificial insemination may be
very erroneous practice. 
The cut-off value which may indicate early pregnancy at D18pe

was not significant (P>0.05). Measuring progesterone con-
centration of sheep 16-18 days after mating is recommended
as an early pregnancy indicator 27. However, it was reported that
the test had sensitivity as low as 60%28. In this study, it was de-
termined that 29.4% (5/17) of ewes with P4 concentration
<1ng/ml in D18pe were pregnant on ultrasound examination.
While 4 of these 5 ewes were diagnosed estrus (p4<1ng/ml and
VER<255 ohm) in both VER and progesterone measurements
at D18pe, one of them (1/5) was diagnosed with false negative
estrus (p4<1ng and VER>255 ohm). A possible explanation of
this hormonal profile could be the measurement error. How-
ever, in this study, where we were aimed to reveal usability of
VER measurement in field conditions, we considered measuring
serum progesterone values as the gold method and approve the
VER values reflect steroid concentration in bloodstream. On
the other hand, 29.4% of non-pregnant animals were found
in pregnancy examination although serum progesterone con-
centration is >1ng/ml on D18pe. We think that there may be ear-
ly embryonic death which would expect in any flocks. The cut-
off value of VER was significant in identifying the returning
ewes (<255 ohm) while was not significant in identifying ear-
ly pregnancies (<270 ohm). It is difficult to say that the statistical
significance and numerical difference between the cut-off val-
ues can only be caused by early embryonic death. We think that
this result may be caused by variables such as the presence of
acyclic sheep, early embryonic losses, measurement error and
many other possible failures that were not identified in this study.
As a result, VER value (<255 ohm) measurement 18 days af-
ter mating can be used in detecting re-estrus but is not as suc-
cessful as the use of teaser rams and does not indicate early preg-
nancy. However, we consider it usable when rams are not avail-
able as it can provide a preliminary information and estimate
of the average number of ewes returning in a synchronized flock.
It is also recommended that similar studies be carried out in
larger flocks in the middle of the breeding season. It is
thought that specificity and sensitivity rates may be higher in
these herds as individual variations can be minimized.
There are few studies investigate the variation of VER value af-
ter pregnancy diagnosis. In a human study, it was revealed that
cervical stromal impedance was higher in pregnant women than
in non-pregnant women, but this difference was reported to
be particularly remarkable in the last trimester of pregnancy29.
In goats, it was reported that the VER value was the lowest in
estrus and the highest in the luteal phase, but there was no dif-
ference between diestrus and pregnancy30. We hypothesized that
non-pregnant ewes would stand estrus again on the days cor-
responding to the 3th and 4th cycles after induced estrus; there-
fore, VER values in nonpregnant ewes would be lower than preg-
nant ewes on luteal phase. However, the difference in VER val-
ue between Group P and Group NP was not significant

(P>0.05). It can be thought that some ewes had a luteal struc-
ture in their ovaries although they were not pregnant or may
be acyclic ewes in Group NP. The estrus cyclicality after syn-
chronization may also have changed due to individual differ-
ences. However, since the presence of CL and serum P4 levels
were not revealed in this study, it would be speculation to as-
sume that this is the case. Nevertheless, our result corresponds
well with that previous reports29,30. The VER value in the first
trimester of pregnancy in ewes does not indicate a pregnan-
cy-related point.
In this study, the availability of VER measurement in the es-
trus synchronization program was investigated and it was con-
cluded that it could be useful in determining the first estrus af-
ter induced estrus in field conditions. It can also be used to eval-
uate synchronization success in the herd but failed to identi-
fy first trimester pregnancies. It is recommended to measure
the VER value 18 days after estrus, to detect ewes that were like-
ly not conceived, if rams are not available. This practice can sig-
nificantly increase the rate of homogeneous lambing in syn-
chronized herds.
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