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Abstract: Simplifying and improving our understanding of the protocols for inducing or synchronizing estrus is important for 

improving management of dairy cattle. This study evaluated the estrus response and conception rate of crossbred (Holstein 

Friesian X Zebu) dairy cows (n=75) and heifers (n=47) assigned to a 10-day controlled internal drug release (CIDR) device – 

prostaglandin F2-alpha (PGF2α) – equine chorionic gonadotrophin (eCG) based estrus synchronization protocol. Animals were 

assigned to three groups (a) anestrus (n=62), (b) repeat-breeders (n=11) and (c) silent estrus (n=46), according to their 

reproductive history, per rectal palpation, and progesterone concentrations determined by On-Farm enzyme-linked 

immunosorbent assays (ELISA) in milk (lactating cows) or serum (dry cows and heifers). For each animal, a CIDR device 

(containing 1.38g progesterone) was inserted into the vagina and allowed to remain in-situ for 10 days. On Day 8 after device 

insertion, a dose of 500µg of PGF2α was administered intramuscularly (IM). On Day 10 (device removal), 500 IU of eCG was 

given IM. Animals were inseminated or mated 48 and 72 hrs post device removal. Pregnancy was assessed 20-24 days post 

insemination by measurement of progesterone in milk/serum and pregnancy was confirmed by per rectal palpation and/or 

ultrasonography 44-90 days post insemination. Overall estrus response and conception rates were 97.5% and 78.3%, respectively, 

with no significant differences in parity, pre-treatment reproductive status and farming system (smallholder vs organized 

commercial farms). Conception rate after induced/synchronized estrus was 82.9% and 72.1% in cows and heifers, respectively, 

with an overall calving rate of 94.4%. In conclusion, the present study has shown high estrus response and conception rate in 

crossbred dairy cattle using this CIDR - PGF2α - eCG based estrus synchronization protocol. Application of this protocol is highly 

recommended to enhance fertility of dairy cattle in the study area, and this could readily be applied to other regions. 
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1. Introduction 

Ethiopia possesses the tenth largest cattle population in the 

world, and the largest in Africa. Despite this, productivity 

and reproductive performance of its indigenous and 

crossbred (Holstein Friesian X Zebu) cattle herd is poor [1, 

2]. Efficient reproduction underpins a profitable dairy 

industry [3] and producing one calf per year per cow is an 



 Animal and Veterinary Sciences 2016; 4(3): 39-46 40 
 

important step in achieving this. Cows must get pregnant and 

maintain the pregnancy with parturition 270 days post 

service/AI, and wait for a period of 40-50 days (voluntary 

waiting period) to be successfully inseminated again [4]. This 

results in one calf per year per cow with regular availability 

and increased milk production in the dairy farm, together 

with the provision of replacement heifers. However, there are 

a number of factors affecting reproduction in dairy cattle, 

particularly in the tropics, where both reproductive 

performance as well as milk production of local (Zebu) and 

crossbred, including Holstein Friesian, is regarded as poor. 

The main reasons are poor nutritional status, estrus detection, 

AI technique or breeding management and postpartum 

uterine disease and calf suckling [5]. Anestrus and repeat-

breeding are the major problems affecting the reproductive 

performance of crossbred dairy cattle in Ethiopia [6]. Both 

anestrus and repeat-breeding lead to a longer calving interval. 

In smallholder farms, most cows including crossbreeds, fail 

to calve every 12 to 13 months after the first calving [6, 7]. 

Puberty in crossbred (Zebu x Holstein-Friesian/HF) heifers is 

usually 24 months [8], and heifers are also reported to be 

older at first calving [1, 2, 6]. 

A successful breeding program must incorporate efficient 

and accurate detection of estrus, proper semen handling 

techniques, and timely AI [9]. Failure of proper estrus 

detection is the most common problem in dairy cattle 

breeding programs [9, 10] resulting in loss of lifetime milk 

yield, a decrease in number of calves born per lifetime, 

excessive days open, and an increase in reproductive culling 

[9]. As the accuracy and efficiency of estrus detection 

declines, it is important to incorporate estrus 

synchronization/induction and timed AI into the breeding 

management program [11]. Estrus synchronization can avoid 

or reduce the need for estrus detection, and increases the 

fertility and productivity of cattle [12]. Furthermore, estrus 

synchronization facilitates planning of AI, shortens first day 

service in postpartum cows, reduces the calving interval and 

helps to maintain uniform calf crops and replacement heifers 

[12, 13]. 

Current world-wide research is focused on the 

development of methods that effectively synchronize estrus 

by decreasing the period of time over which estrus is 

detected, hence facilitating the use of fixed time AI [14]. 

Progesterone based estrus synchronization protocols are more 

advantageous than others. A controlled internal drug release 

(CIDR) based estrus synchronization protocols have been 

widely studied [15, 16], and are more preferable than using 

prostaglandin (PGF2α) alone, due to ineffectiveness of 

PGF2α to induce cyclicity/ estrus in animals that do not have 

a corpus luteum (CL), nor does it exert an effect on follicular 

wave [17]. Most successful estrus synchronization protocols 

have been developed in Bos taurus cattle, however in Bos 

indicus breeds, utilization of same synchronization protocols 

results in low to unacceptably low pregnancy rates [15, 18]. 

It has been demonstrated that CIDR can be maintained in 

the vagina for a longer period of 14 days [19], however, 

intravaginal devices maintained over 12 days reduces fertility 

by causing aged follicles [20, 21, 22]. Promising 

developments have been shown by reducing the time of 

keeping CIDR devices in the vagina to 4 [23] or 5 days [15, 

24], although estrus response and conception rates are not 

consistent even after the use of the standard 7-day CIDR 

regime [3, 25, 26] which could be due to environmental, 

management, breed and other factors. Yet, a recent report 

showed a similar pregnancy success when CIDR was 

maintained for 5 days, 6 days and 14 days in heifers [27]. 

Moreover, another recent study that compared between 7 and 

9 days CIDR inserts on estrus response and fertility in dairy 

cattle has shown a similar effect between the two protocols 

[28]. Others have suggested that keeping intravaginal devices 

for a period of 10 to 12 days has no negative effect on 

fertility and recommended for use in controlled breeding 

programs in cattle [20, 22, 25]. 

In view of the poor estrus detection and reproductive 

performance of crossbred dairy cattle in the Ethiopia [1, 2, 6, 

29, 30], it is necessary to establish an estrus synchronization 

program that can operate under any reproductive condition 

(anestrus and cycling) as a management tool to enhance their 

fertility and productivity. The objective of the present study 

was to evaluate the reproductive performance of crossbred 

dairy cattle following treatment with a 10-day CIDR in 

combination with PGF2α and eCG. 

2. Materials and Methods 

2.1. Study Area 

The proposal was presented to key stakeholders and 

livestock experts and approved by The Government of 

National State of Tigray Bureau of Agriculture and Rural 

Development, Tigray, Ethiopia. It was conducted from 

November 2013 to December 2014 in and around Mekelle, 

the largest city in northern Ethiopia, and the capital city of 

Tigray, which is located at 39° 29`E and 13° 30` N at an 

altitude of 2000 m.a.s.l. The climate of the study area 

conforms to that of Ethiopian Highlands. The mean annual 

rainfall is 619mm, and is bimodal with a short rainy season 

occurring from March to May and another from middle 

September to February. The annual minimum and maximum 

temperature is 11.8°C and 29.9°C, respectively [31]. 

2.2. Study Farms and Animals 

Crossbred dairy cattle owned by smallholder farms and 

organized commercial farms were included in this study. 

Cattle in both farm types were fed grass hay or straw, 

concentrate composed of wheat by products, crop residues 

and local beer residue (Attela). However, cows in organized 

commercial farms were supplemented with green fodder, 

such as fresh grass, alfalfa, elephant grass, lucinia and 

suspania, they received regular watering; and, the farms had 

better breeding records and housing condition. A total of 122 

dairy cattle (75 cows with a mean age of 6.6 years old 

and >60 days postpartum and 47 heifers with a mean age of 

3.1 years old) from smallholder farmers and organized 
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commercial farms, with an average body condition score 

(BCS) of 3.1 (on a scale of 1-5) [32] were assigned in the 

study. Reproductive organs of the study animals were 

assessed for genital tract pathology using per rectal palpation, 

and only apparently health animals were included in the 

study. Study animals were assigned into three groups prior to 

treatment as (a) anestrus (non-cycling, n=67), (b) repeat-

breeders (normally cycling and observed estrus, but never 

conceived despite multiple inseminations, n=11), and (c) 

silent estrus (cycling but no visible estrus signs, n=44) 

according to their reproductive history, two equivalent on-

farm progesterone assays, dipstick (Progesterone Rapid, 

Ridgeway Science Ltd, Gloucestershire, UK) in milk (cows) 

or Target Progesterone ELISA (Biometallics Inc, New Jersey, 

USA) in serum (heifers) and per rectal palpation. 

Progesterone assays were carried out twice at 11 days 

interval immediately after breeding history was recorded, 

which was immediately followed by per rectal examination 

of ovarian and uterine conditions [30]. 

2.3. Study Design 

Treatment regime is schematically illustrated in Figure 1. 

The perineal region of each animal was thoroughly washed 

with water, an Eazi-Breed CIDR™ (CIDR®, Pfizer Ltd, Kent, 

UK) device, containing 1.38g of progesterone, was inserted 

into the vagina and allowed to remain in-situ for 10 days. On 

the 8th day after device insertion, a dose of 500µg PGF2α 

(Estrumate, Schering-Plough Animal Health Corp, Summit, 

Germany) was administered intramuscularly (IM). On the 

day of device removal (Day 10), 500 IU (Equine chorionic 

gonadotropin (eCG) (Intervet UK Ltd, Walton, UK) was 

injected IM. The estrus response was compared according to 

parity (cows vs heifers), pre-treatment group (anestrus, 

repeat-breeders and silent estrus) and farming systems 

(smallholder vs organized commercial farms). Animals were 

inseminated using frozen semen or naturally mated twice at 

48 and 72 hrs post device removal. Animals were examined 

for presence of pregnancy 20-24 days (average of 21 days) 

post insemination by on-farm milk (lactating cows) 

progesterone test using Dipstick or on-farm serum (dry cows 

and heifers) progesterone test using Target progesterone kits, 

and pregnancy was confirmed by per rectal palpation/ 

ultrasonography (KX5200V, Kaixin®, Xuzhou Kaixin 

Electronic Instrument Co., Ltd, Xuzhou, Jiangsu, China) 44-

90 days post insemination/mating. Conception rate was 

compared according to the variables above and between 

breeding methods (AI vs natural mating). Data were analysed 

using Fisher’s exact test and Chi-square test using GraphPad 

Prism (GraphPad Software, Inc, CA, USA). Differences were 

considered significant when p < 0.05. 

3. Results 

The overall estrus response and conception rate in the 

present study was 97.5% and 78.3%, respectively. There was 

similar estrus response between cows and heifers (Table 1). 

Although, the estrus response of cattle to CIDR - PGF2α - 

eCG treatment, based on observed estrus behaviour recorded 

by the farmers, was 97.5%, the remaining animals 3/122 

(2.5%) that did not exhibit external symptoms, were deemed 

fit for insemination as their cervices were open, as evidenced 

by the AI gun easily passing through to deposit semen in the 

uterine body. This brought the estrus response to 100%. 

Subsequently, three (2.5%) animals (two cows and one heifer 

did not retain their CIDR. Of 119 animals in estrus, 115 

(96.6%) were inseminated or naturally mated, however four 

(3.4%) were not bred due to various reasons including 

animals being unable to be inseminated or mated.  

The conception rate in cows and heifers was 82.9% and 

72.1% respectively, which was not significantly different 

(p > 0.05) (Table 1). Similar conception rates were found 

between anestrus, repeat-breeders and normally cycling-but 

silent estrus/unobserved by the farmers (Table 2). Natural 

mating resulted in a higher conception rate than AI, but the 

difference was not significant (Table 3). The farming system 

did not affect estrus response or conception rate (Table 4). 

Two cows and one heifer gave birth to twin calves, while 

the remaining deliveries were singletons. Of 90 pregnant 

cows/heifers 85 (94.4%) successfully calved, and there was 

no effect of parity (Table 1), pre-treatment reproductive 

status (Table 2), breeding method (Table 3) or farming 

system (Table 4). Pregnancy loss occurred in 4/90 (4.4%) 

animals: three cows (3/59, 5.1%) and one heifer (1/31, 3.2%). 

These losses occurred in one cow in a smallholder farm with 

the remaining losses of two cows and one heifer in organized 

commercial farms where animals were bred by AI. There was 

also death of a pregnant cow (1/90, 1.1%) in one of the 

organized commercial farms due to lumpy skin disease.  

 

Figure 1. Schematic representation of treatment regime. 

Table 1. Estrus and conception status of cows and heifers treated with CIDR 

- PGF2α - eCG combination estrus synchronization protocol. 

Observations 
 Treated animals 

Total* Cows* Heifers* 

No. treated 122 (100) 75 (100) 47 (100) 

No. in estrus 119 (97.5) 73 (97.3) 46 (97.9) 

Number mated/ inseminated 115 (96.6) 72 (98.6) 43 (93.5) 

No. conceived at 

induced/synchronized estrus 
90 (78.3) 59 (82.9) 31 (72.1) 

No. calved 85 (94.4) 56 (94.9) 29 (93.5) 

*Values in parentheses are percentages. 
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Table 2. Fertility status of cows and heifers post CIDR - PGF2α - eCG combination treatment on the basis of pre-treatment reproductive history and status. 

Observation Total* Anestrus* Repeat-breeders* (Observed estrus) Silent estrus/ unobserved estrus* 

No. of animals mated/ inseminated 115/122 62/67 (92.5) 11/11 (100) 42/44 (95.4) 

Conception rate (% pregnant/ AI or mated) 90 (78.3) 48 (77.4) 8 (72.7) 34 (81.0) 

No. calved 85 (94.4) 44 (91.7) 7 (87.5) 34 (100) 

*Values in parentheses are percentages. 

*Silent/unobserved estrus: cattle in this group were reported by the farmers as anestrus, however on-farm progesterone tests along with per rectal palpation 

confirmed them cycling. 

Table 3. Fertility status of cows and heifers following estrus synchronization/induction on the basis of breeding methods. 

Observation Total* 
Breeding Method 

AI* Natural mating* 

No. of animals mated/inseminated 115 95 (100) 20 (100) 

No. conceived at induced/synchronized estrus 90 (78.3) 72 (75.8) 18 (90) 

No. calved 85 (94.4) 68 (94.4) 17 (94.4) 

*Values in parentheses are percentages. 

Table 4. Fertility status of cows and heifers treated following estrus 

synchronization/induction on the basis of farming system. 

observations Total 
Smallholder 

farms 

Organized 

commercial farms 

No. treated 122 34 88 

No. inseminated 115 33 82 

No. pregnant 90 (78.3) 24 (72.7) 66 (80.5) 

No. calved 85 (94.4) 22 (91.7) 63 (95.4) 

*Values in parentheses are percentages. 

4. Discussion 

A simple procedure that uses solely CIDR inserts without 

any combination treatment on the initial day was performed 

in this study. This is unlike previous reports [26, 33] that used 

CIDR in combination with a Co-Synch or Ovsynch protocol 

(gonadotrophin-releasing hormone (GnRH)- PGF2α-GnRH 

combination protocol) whereby GnRH is administered 

simultaneously with CIDR on the initial day, which has been 

demonstrated to be effective. Progesterone delays the time of 

estrus after natural or induced luteolysis and extends the 

oestrous cycle by preventing the occurrence of spontaneous 

estrus [34]. Administration of PGF2α on Day 8 of CIDR 

insertion was intended to cause regression of the CL and to 

bring the animals into estrus 1-3 days post treatment. The 

PGF2α reduces the risk of continued progesterone production 

by a functional CL after device removal [35]. eCG has both 

follicle stimulating hormone (FSH) and luteinizing hormone 

(LH) like activity in bovine [36], but with more of FSH 

activity [37]. Therefore, administration of eCG on the day of 

device removal stimulates follicular development, final 

maturation of the dominant follicle, initiation of ovulation 

and CL formation [36, 38]. Furthermore, in the present study 

three animals gave birth to twin calves, which could be due 

to administration of gonadotrophins, such as eCG that can 

cause superovulation [39]. 

In the present study the retention of CIDR exceeded 97% 

which is comparable with previous reports [25, 40], although, 

others reported no CIDR loss [21]. Animals which did not 

show external symptoms of estrus, but when inseminated had 

open cervices evidenced when the AI gun was easily and 

smoothly passed through the cervix is suggestive of silent 

estrus post CIDR treatment. In agreement with our finding, a 

previous report showed that 2% of CIDR treated heifers had 

a palpable CL, although they were not observed in estrus 

[25]. All animals which were reported by the farmers as 

anestrus, but confirmed cycling by the on-farm progesterone 

tests, showed external symptoms of estrus when subjected to 

the present estrus synchronization protocol, which indicates 

poor estrus detection. Furthermore, all anestrus (except 3 

with just their cervical os opened) and repeat-breeder cattle, 

including those with silent/unobserved estrus showed 

external symptoms of estrus following estrus 

synchronization. CIDR treatment in anovulatory and anestrus 

cows/heifers re-establishes the hypothalamic responsiveness 

to estradiol produced from the dominant follicle. It also 

normalizes the duration of the luteal phase [41], and 

increases estradiol responsiveness in behavioural centres of 

the brain [42, 43] thereby increasing the proportion of cattle 

expressing behavioural estrus in conjunction with ovulation 

[44, 45]. 

The high estrus response and conception rate in the present 

study is possibly due to the exclusion criteria such as 

unacceptable BCS, assessment of pre-treatment reproductive 

condition of animals as unfit for estrus synchronization 

(having unhealthy and small sized reproductive tract and 

organs), and the use of double insemination or mating at 48 

and 72 Hrs. Previous reports have shown that BCS and 

uterine infections are among the factors that reduce fertility 

[46]. Despite the difference in reproductive status of animals 

(anestrus/cycling) prior to CIDR insertion, a high estrus 

response was found in both cows and heifers in the present 

study. This is in agreement with previous studies that 

reported a 100% estrus response using a 7-day CIDR and 

eCG injection in 30 anestrus Zebu breed cows [47], a 100% 

response in 73 crossbred cows with unknown ovarian 

cyclicity using a 7-day CIDR in combination with PGF2α 

and GnRH [3] and a 100% response in anestrus Sahiwal 

(Zebu) cows when used a 9-day CIDR in combination with 

eCG injection one day prior to CIDR removal and hCG at the 



43 Alemselam Birhanu Mekonnin et al.:  Manipulation of Fertility in Crossbred Dairy Cattle Using Controlled Internal   
Drug Release Device Combined With Prostaglandin and Equine Chorionic Gonadotrophin 

time of AI [48]. Conversely, the present study improved on 

other studies that reported 79.5% and 87.5% estrus response 

using 7-day and 9-day CIDR, respectively in combination 

with PGF2α in 128 Holstein Friesian / crossbred dairy cows 

[28], 86.7% using Ovsynch + CIDR in 55 repeat-breeder 

Holstein Friesian cows [26], 80% in 5 normally cycling Aceh 

cattle in Indonesia using CIDR-B + PGF2α [16] and Bos 

indicus and other cattle breeds [12, 15]. 

There were similar conception rates between anestrus, 

repeat-breeder and silent estrus crossbred dairy cattle in this 

study, with a high overall conception rate (78.3%) similar to 

reports in anestrus Zebu breed cows (70%) in India [47]. The 

present study has shown a better conception rate than reports 

in crossbred cattle (40.9%) in the tropics [3], in Holstein 

Friesian/crossbred cows (45.5%) [28], in Bos indicus cattle 

[15] and in beef cattle in USA [12], and in beef heifers 

(54.5/55.5%) using 14-day/ 5-dayCIDR protocols [49] that 

reported lower pregnancy rates, 54.5% and 55.5%, when 

used long and short term CIDR protocols, respectively. 

Moreover, the present study has shown better conception rate 

in repeat breeder cows/heifers than previous reports in South 

Korea [26] and Japan [33]. Conversely, conception rate in the 

present study was lower than previous reports that used 

CIDR treatment in Aceh cattle (100%) in Indonesia [16]. 

However, their study was only in 5 cattle; therefore, higher 

conception rate may reflect their small sample size. 

Nevertheless, conception rate can be affected by factors such 

as nutrition, breed, postpartum interval, and geographic 

location [50, 51]. 

The conception rate in cows (82.9%) was slightly higher, 

but not significant, than in heifers (72.1%) in the present 

study. Contrary to our findings, a previous report showed 

higher conception rate in heifers (67.9%) than cows (53.1%) 

[52]. The present study recorded lower pregnancy loss 

(5.1%) in cows compared with previous reports where the 

loss in cows was 20% when PGF2α/ progestins was used 

[53]. Infectious diseases, and non-infectious factors such as 

poor management systems, milk yield, parity, BCS, ambient 

temperature [54] can cause pregnancy loss. 

By way of direct comparison, the estrus response recorded 

in the present study was higher than our recent report that 

used single or double administration of PGF2α with 

simultaneous administration of GnRH [55]. The present 

study had a higher (78.3%) conception rate than our recent 

report in same study area when repeat-breeder crossbred 

dairy cattle were subjected to 20µg or 10µg GnRH 

(Buserelin acetate) (68%) [29]. Furthermore, the present 

study has shown a higher conception rate than was observed 

in the large scale controlled reproduction program in Tigray 

region that used PGF2α (31.5%) in local/ crossbred dairy 

cattle [56]. This may be due to progesterone having a 

positive effect in inducing/ synchronizing estrus in anestrus 

and cycling cattle, whereas PGF2α has no effect on anestrus 

cattle. AI technicians lack the experience and skills to 

effectively diagnose cyclicity of animals through palpation of 

the ovaries per rectum [57, 58], so non-cycling animals may 

have been included in the PGF2α based breeding program. In 

this current study the on-farm progesterone assay confirmed 

the presence of CL, though our CIDR based estrus 

synchronization can be used at any stage of the estrous cycle, 

including in anestrus animals and prepubertal heifers. 

Although farmers were advised to record animals in estrus, 

all animals were inseminated or naturally mated at a fixed 

time. This did not affect pregnancy regardless of pre-

treatment reproductive status of animals, breeding method, 

farming system or parity. This was similar to a previous 

report in cows and heifers, although they reported 

comparatively lower overall pregnancy rate than the present 

findings [13]. Some farmers in the study area prefer to have 

their own bull to using AI services due to numbers of reasons 

discussed in our recent reports [6, 58]. Conception rate did 

not vary between breeding methods (AI vs bull) in the 

present study, yet a higher conception rate was found in 

animals bred with natural mating/bull than with AI, which 

could be due improper insemination. We recently evaluated 

the quality of frozen semen (sperm motility and viability) in 

the study area, and it was within the normal range [58]. In the 

present study, double inseminations at 48 and 72 hrs has 

resulted in improved pregnancy rate in all animal groups 

(anestrus, repeat-breeding and silent/unobserved estrus), in 

contrast to a previous report indicating the use of double 

insemination did not bring any significant difference in 

pregnancy rates compared to single insemination in repeat-

breeder dairy cattle in other treatment regime [59]; it has also 

been proposed that double insemination can improve 

pregnancy by 5-10% [35]. 

Application of a progesterone (CIDR) based estrus 

synchronization programme is highly recommended to 

enhance fertility of dairy cattle. Furthermore, the expense of 

hormones required for estrus synchronization (US $18.60/per 

animal: CIDR, US $11.16 + PGF2α, US $4.03 + eCG, US 

$3.41/animal) used in this study is less than the cost farmers 

spend feeding anestrus and repeat-breeder cows, with an 

estimated loss of production cost of US $148.48 per cycle 

from single cow [29] for extended periods of time. This 

excludes the labour costs. In anestrus cattle, the cost of this 

estrus synchronization protocol can be further reduced to US 

$14.57, as PGF2α is not necessary in the absence of CL. 

Additionally, the prospect of reusing a used CIDR device 

[60] makes the protocol worthwhile. 

5. Conclusion 

The present study has shown a high estrus response, 

conception rate and calving rate in cows and heifers assigned 

to progesterone (CIDR) - PGF2α - eCG based estrus 

synchronization protocol irrespective of pre-treatment 

reproductive condition, farming system and breeding 

methods. This study also confirms the effectiveness and 

affordability of the protocol. Thus, the protocol is 

recommended to enhance fertility of dairy cattle in the study 

area and other part of the country and improve the livelihood 

of the farming community. 
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