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ABSTRACT 9 

Fertility in dairy cows is determined by accurate hormonal control and well-timed insemination, which 10 

depend on genetic background, parity, and the period between calving and insemination. Optimizing 11 

these factors is associated with  efficient ovulation, clear estrus behavior, and improved conception 12 

outcomes. This study examined how breed, parity, and the calving-to-first-insemination interval (IC–13 

AI1) influence estrus expression and conception rate after hormonal synchronization and artificial 14 

insemination in Algerian dairy herds. A total of 105 healthy cows aged 2–5 years (66 Montbéliarde and 15 

39 Prim’Holstein) with body condition scores ≥2 were enrolled from two intensive farms in Setif, 16 

northeastern Algeria. Animals received prostaglandin F₂α (PGF₂α) alone or combined with 17 

gonadotropin-releasing hormone (GnRH).. Estrus detection was performed visually, and pregnancy 18 

was confirmed by ultrasonography at 30 days followed by rectal palpation at 45 days. Overall estrus 19 

expression was moderate (53%), while conception success reached 70%, aligning with results from 20 

efficiently managed herds. The PGF₂α-only treatment yielded the best performance. Parity significantly 21 

affected estrus manifestation (p < 0.05), with multiparous cows exhibiting more visible heat signs, 22 

whereas longer IC–AI1 intervals were associated with higher conception rates (p < 0.05). Breed had no 23 

marked influence. These findings indicate that a simple PGF₂α-based protocol can produce satisfactory 24 

fertility outcomes in Algerian conditions. Considering parity and insemination timing may further 25 

enhance reproductive success. Broader studies integrating nutritional and health factors are 26 

recommended to better understand their combined effects on fertility 27 
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1. Introduction  29 

Reproductive efficiency in dairy herds has shown a steady decline over recent decades, mainly as a 30 

consequence of the genetic and management emphasis on milk yield [1]. In Algeria, dairy cattle 31 

provide nearly 80% of the national milk supply, yet the overall herd size has diminished in recent 32 
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years. The national dairy herd is estimated at about one million head, among which imported dairy 33 

breeds—principally Holstein (H), Montbéliarde (MB), and Fleckvieh (FV)—represent approximately 34 

30% [2]. 35 

The Sétif region, located in northeastern Algeria, is one of the country’s leading dairy production 36 

zones, with around 77,000 cows [3]. Despite this potential, reproductive inefficiency remains a limiting 37 

factor for productivity. Declining fertility indices and longer calving intervals have hindered the goal of 38 

achieving one calf per cow per year, thereby affecting the profitability of farms. 39 

Reproductive management tools such as estrus synchronization and artificial insemination (AI) are 40 

widely used to enhance fertility and accelerate genetic improvement [5]. However, variable results 41 

among farms highlight the influence of local conditions and management practices. This study provides 42 

new insights by directly comparing the reproductive performance of cows treated with prostaglandin 43 

F₂α (PGF₂α) alone versus combined hormonal protocols under field conditions in Sétif. We also 44 

investigated how breed, parity, and the interval from calving to first insemination (IC–AI1) influence 45 

estrus expression and conception rates, aiming to generate practical recommendations for improving 46 

fertility management in Algerian dairy herds. 47 

 2. Material and Methods  48 

2.1. Study location 49 

This research was carried out on two intensive dairy farms situated in the Sétif region of northeastern 50 

Algeria (36°11′N, 5°24′E; 1,080 m elevation). The trial was carried out during spring (March–June), 51 

characterized by moderate temperatures (18–28°C) and low thermal stress. A total of 105 cyclic cows 52 

and heifers were selected after confirming normal reproductive status by rectal palpation. The group 53 

included 39 primiparous (PP) and 66 multiparous (MP) animals, aged between 2 and 5 years. The herd 54 

consisted of 66 Montbéliarde (MB) and 39 Prim’Holstein (PH) cows. All animals were clinically 55 

healthy, free from structural defects, and maintained a body condition score (BCS) greater than 2 on a 56 

1–5 scale, as described by Campanile et al. [6]. Reproductive procedures were conducted between 55 57 

and 90 days postpartum. 58 

Throughout the experiment, all cows were managed under uniform housing, feeding, and breeding 59 

conditions. Animals presenting any postpartum disorders (retained placenta, metritis, or endometritis) 60 

were excluded from the study population. Animals were kept apart from the general herd until artificial 61 

insemination was completed. 62 

Reproductive performance indicators were assessed as follows: 63 

- Estrus response rate (ER):  defined as the total number of cows/heifer observed in estrus divided by 64 

the total number of females subjected to reproduction in each group X 100. 65 

- Conception rate: defined as the total number of cows/heifer pregnant divided by the total number of 66 

inseminated females in each group x 100. 67 

2.2. Experimental Protocols  68 

The cows were randomly distributed into three experimental groups of 35 animals each. One group 69 

received two injections of prostaglandin F₂α (PGF₂α) alone, while the other two groups were treated 70 



 

 

with PGF₂α in combination with either a single (GP) or double (GPG) administration of gonadotropin-71 

releasing hormone (GnRH). 72 

 73 

2.3 Determination of  factors effects  74 

Three main factors were evaluated in this study: breed, parity, and the interval between calving and 75 

first insemination (IC–AI1). 76 

 The cows belonged to two genetic groups: Prim’Holstein (PH) and Montbéliarde (MB). 77 

 Animals were also categorized according to parity into primiparous (PP) and multiparous 78 

(MP) groups. 79 

 The calving-to-insemination interval was classified into two periods: Class 1 (55–69 days 80 

postpartum; n = 76) and Class 2 (70–90 days postpartum; n = 29). 81 

2.4. Estrus Detection and Pregnancy Diagnosis 82 

Estrus detection was performed through direct visual observation, as automated detection systems were 83 

unavailable on the participating farms. Despite its limitations, visual detection remains a valid approach 84 

in field conditions when performed by trained staff [26, 27]. Lack of heat-detection aids (tail chalking, 85 

pedometers, activity monitors) may have under-estimated estrus expression, representing a known 86 

limitation of this study.  87 

Artificial insemination (AI) was performed when cows exhibited visible signs of estrus. Heat detection 88 

was carried out through visual observation twice daily, each session lasting approximately 30 minutes. 89 

To eliminate operator bias, all inseminations were performed by a single experienced veterinarian from 90 

CNIAAG. The presence and consistency of cervical mucus on the day of insemination were also 91 

considered to confirm estrus. Pregnancy was diagnosed by ultrasonography 30 days after insemination 92 

and verified through rectal palpation at 45 days post-AI. 93 

Semen used for insemination was supplied by the National Center for Artificial Insemination and 94 

Genetic Improvement (CNIAAG). It originated from two bulls: INDOR (Montbéliarde breed) and 95 

HAELTOP (Holstein breed). All inseminations were conducted by a CNIAAG-certified veterinarian. 96 

The potential influence of the sire was additionally evaluated with respect to conception rate and 97 

offspring sex ratio. 98 

To ensure semen consistency, inseminations were carried out using semen from two CNIAAG-proven 99 

bulls with similar fertility indices, and the same semen batch was used across all treatments. 100 

2.5. Statistical Analysis 101 

Data analysis was performed using SAS software (version 9.12). The main objective was to evaluate 102 

how different synchronization treatments influenced estrus response, pregnancy, and conception rates 103 

among the experimental groups. Differences in reproductive performance between groups were tested 104 

using the Chi-square (χ²) test, and results were considered statistically significant at p < 0.05. The 105 

normality of continuous variables was verified using the Shapiro–Wilk test. Chi-square analysis was 106 

complemented by descriptive statistics (mean ± SD), and 95% confidence intervals (CI) were 107 

calculated where appropriate. 108 



 

 

3. Results 109 

3.1. Evaluation of reproductive performances 110 

This experiment assessed reproductive performance in Prim’Holstein and Montbéliarde dairy cows, 111 

focusing on estrus response and conception rates. Table 1 summarizes the overall outcomes for these 112 

parameters. Estrus detection was based on behavioral observation, particularly when a cow stood 113 

immobile while being mounted by another. Fecundity was evaluated using the interval from calving to 114 

first insemination (IC–AI1), while fertility was measured through the conception rate. 115 

Out of 105 cyclic cows subjected to synchronization treatments using either prostaglandin alone or 116 

prostaglandin combined with GnRH, 57 animals (53%) exhibited visible estrus, and 40 of these (70%) 117 

conceived successfully. The prostaglandin-only protocol produced the most favorable reproductive 118 

outcomes, with an estrus response of 60% and a conception rate of 75%, compared to 50% and 65% in 119 

the combined PGF₂α + GnRH groups, respectively. 120 

The prostaglandin-only protocol produced the most favorable reproductive outcomes, with superior 121 

estrus response and conception performance compared to combined treatments. 122 

Table 1.  Comparative effectiveness between protocols based on prostaglandins alone or combined to 123 

PGF2αin Algerian cattle breeding (n=105) 124 

 125 

3.2. Factors influencing the fecundity and fertility 126 

The study also examined several sources of variation, namely breed, parity, and the interval from 127 

calving to first insemination (IC–AI1). The influence of these factors on reproductive performance is 128 

summarized in Table 2. 129 

With regard to breed, Montbéliarde cows showed a slightly higher estrus response rate compared to 130 

Prim’Holstein cows (56.06% vs. 51.28%; P = 0.497). Similarly, conception rates were comparable 131 

between the two breeds (70.72% vs. 70.00%; P = 0.966). These results indicate no statistically 132 

significant differences (P > 0.05) in either estrus response or conception performance between breeds. 133 

For parity, out of the 57 cows that displayed estrus, 16 were primiparous (16/39; 41.02%) and 41 were 134 

multiparous (41/66; 62.12%). This difference was significant (P < 0.05), indicating that older cows 135 

expressed estrus more frequently than heifers. Conception rate also varied slightly between these 136 

groups, with 62.5% (10/16) in primiparous and 73.17% (30/41) in multiparous cows (P = 0.106), 137 

though this difference was not statistically significant. 138 

Concerning the IC–AI1 interval, average estrus detection was similar between cows inseminated within 139 

55–69 days and those inseminated between 70–90 days postpartum (62.53% vs. 58.62%; P = 0.393). 140 



 

 

However, conception rate was significantly higher in cows bred after 70 days postpartum (82.35%) 141 

compared to those inseminated earlier (65%; P < 0.05). This suggests that extending the interval 142 

between calving and insemination improves conception outcomes. 143 

Table 2.  Influencing factors on overall estrus response and conception rates in Algerian cattle 144 

breeding  (n=105)  145 

 146 

Legend: PH: Prim Holstein; MB: Montbeliard; PP: Primiparous; MP: Multiparous;  147 

IC-IA1: Interval calving–First artificial insemination; First class: 55-69 D; Second class: 70-90 D. 148 

4. Discussion 149 

The estrus response rate obtained in this study was higher than that reported by Demetrio et al. [1] in 150 

Holstein cows but lower than those observed by Colazo and Ambrose [7] and Raphalalani et al. [7], 151 

who recorded 68% and 75%, respectively. This difference may be attributed to variations in 152 

synchronization protocols, especially those using hormonal combinations beyond prostaglandins. Non-153 

responding cows might have failed to exhibit behavioral signs of estrus due to the absence of mounting 154 

partners or silent heat episodes. Çevik et al. [8] noted that estrus detection rates below 50% are frequent 155 

in dairy herds, particularly in high-yielding cows, where increased milk production is associated with 156 

lower circulating estradiol and shorter estrus periods. Furthermore, as Rao et al. [9] indicated, 157 

mounting frequency tends to increase when several cows are simultaneously in heat, improving 158 

detection rates. 159 

The conception rate reported in this study is comparable to that obtained by Mouffok et al. [10] in 160 

eastern Algeria (64%) and Belay et al. [11] in Ethiopia (60.4%). Such variation could be related to 161 

differences in hormonal treatments, environmental conditions, and management systems. Nutritional 162 

and metabolic status are known to affect fertility, especially during early lactation when energy deficits 163 

are common [5,12]. Additionally, environmental stresses such as high temperature and prolonged 164 

drought may impair fertilization and embryo survival [13]. 165 



 

 

Regarding breed influence, Montbéliarde cows showed slightly higher estrus response rates than 166 

Prim’Holstein cows, although the difference was not significant. Literature indicates that fertility varies 167 

among breeds; Holsteins typically exhibit lower reproductive performance and longer calving-to-168 

conception intervals compared to dual-purpose breeds [14–16]. The weaker estrus signs in 169 

Prim’Holstein cows could be related to shorter or silent heat, as reported by Tada et al. [15]. Bouamra 170 

et al. [16] also found a longer calving-to-first-AI interval in Holsteins compared to Montbéliardes. The 171 

present results were lower than those reported by Ben Salem et al. [17] in Tunisia and by Mouffok et 172 

al. [10] in Algeria. Breed differences in estrus behavior, including shorter estrus duration and fewer 173 

mounting activities, were also highlighted by Orihuela [18], who noted that cattle raised on pasture 174 

spend less time expressing estrus. Similarly, zebu breeds are known to exhibit shorter and less intense 175 

estrus compared to exotic breeds [19]. 176 

With respect to fertility parameters, Prim’Holstein cows achieved a conception rate of 70%, which 177 

exceeds the 40% reported by Ben Salem et al. [17]. Since all animals were kept under identical 178 

management and nutrition, this variation is likely due to genetic differences and reproductive history, 179 

particularly postpartum recovery and milk yield. High-producing cows are more prone to thermal 180 

stress, which negatively affects fertility [20,21]. This highlights the need to balance selection for milk 181 

production with reproductive performance. However, as fertility traits are generally low in heritability 182 

and difficult to measure, indirect indicators such as body condition score or milk fatty acid profile, as 183 

proposed by Miglior et al. [12], may be useful alternatives in selection programs. 184 

Concerning parity, our results showed that multiparous cows exhibited higher estrus expression than 185 

primiparous cows, although conception rates were not significantly different. While some studies [22] 186 

suggest that primiparous cows respond better to estrus synchronization, this discrepancy may reflect 187 

differences in energy balance, milk production, or management conditions. In our study, multiparous 188 

cows may have expressed estrus more visibly due to stronger behavioral signs, even if their overall 189 

conception advantage was minimal. Lane et al. [23] also reported that parity had no significant effect 190 

on fertility (p > 0.05), supporting the idea that observed differences in estrus expression do not 191 

necessarily translate to large differences in conception outcomes. 192 

Regarding the interval between calving and first insemination (IC–AI1), most dairy farmers tend to 193 

increase this interval for high-yielding cows, believing it improves conception rates. Buckley et al. [24] 194 

reported higher first-service conception rates when this interval exceeded 75 days, while Pursley et al. 195 

[25] found lower pregnancy rates in cows inseminated between 60 and 75 days postpartum. This has 196 

been attributed to the negative energy balance and incomplete uterine recovery occurring during the 197 

early postpartum period [13]. Extending the voluntary waiting period allows the reproductive tract and 198 

the hormonal system to return to normal function before insemination.  199 

This study demonstrates that fertility in dairy cows is influenced by several factors, particularly parity 200 

and the interval between calving and first insemination (IC–AI1). Although breed differences were not 201 

significant, Montbéliarde cows tended to show slightly better estrus response. Prolonging the IC–AI1 202 

interval beyond 70 days postpartum improved conception success. 203 



 

 

However, some methodological limitations should be acknowledged. Estrus detection was performed 204 

only visually, twice daily, without the use of detection aids such as tail chalking, pedometers, or 205 

activity monitors, which may have led to an underestimation of estrus expression. Another limitation of 206 

this study is the unbalanced sample sizes between IC–AI1 groups (76 vs 29), which may have affected 207 

the statistical power and precision of the comparison. Finally, nutritional status and health parameters 208 

were not systematically recorded, which could influence estrus expression and conception outcomes. 209 

Future studies involving larger herds and considering additional health, nutritional, and genetic 210 

parameters are needed to better identify the key determinants of reproductive efficiency in Algerian 211 

dairy systems. 212 

Acknowledgment 213 

We would like to thank all the breeders who took part in this study.  214 

 215 

Ethical approval 216 

Experimental procedures approved by the Institutional Committee for the Protection of Animals of the 217 

National Administration of Higher Education and Scientific Research of Algeria (98-11, Act of 22 218 

August 1998). 219 

 220 

CRediT authorship contribution statement 221 

 222 

Study concept and design: A.B. and A.N; Conducting the experiment: A.B. and A.N; Analysis and 223 

interpretation of data: N.O. and N.A.K.T; Drafting of the manuscript: N.M., O.S. and N.A.K.T; Critical 224 

revision of the manuscript: A.B., A.N., N.O. and N.A.K.T. 225 

Declaration of Competing Interest 226 

The authors declare that they have no known competing financial interests or personal relationships 227 

that could have appeared to influence 228 

the work reported in this paper.  229 

Funding 230 

No finding. 231 

Data Availability 232 

The data that support the findings of this study are available from the corresponding author upon 233 

reasonable request. 234 

Declaration of AI use: 235 

No AI-assisted technologies were used in the preparation or editing of this manuscript. 236 

References 237 

 238 

[1]. Demetrio DGB, Santos RM, Demetrio CGB, Vasconcelos JLM. Factors affecting conception rates 239 

following artificial insemination or embryo transfer in lactating Holstein cows. J Dairy Sci. 240 

2007;90:5073–5082. doi:10.3168/jds.2007-0223 241 



 

 

[2]. Souames S, Berrama Z. Factors affecting conception rate after the first artificial insemination in a 242 

private dairy cattle farm in North Algeria. Vet World. 2020;13(12):2608–2611. 243 

doi:10.14202/vetworld.2020.2608-2611 244 

[3]. Bouzebda Z, Bouzebda F, Guellati MA, Grin F. Évaluation des paramètres de la gestion de la 245 

reproduction dans un élevage bovin du nord-est algérien. Sci Technol. 2006;24:13–16. 246 

[4]. Boudjellal A, Lakhdari N, Kheroua O. Étude des performances reproductives des vaches laitières 247 

en Algérie : effet de la saison et de la parité. Rev Sci Élev Méd Vét. 2019;32(2):45–56. 248 

[5]. Ramezani Z, Dehghan-Banadaky M, Mahjoubi E. Effects of different feeding strategies on milk 249 

production and metabolic health in dairy cows during early lactation. J Dairy Sci. 250 

2020;103(5):4783–4795. doi:10.3168/jds.2019-17325 251 

[6]. Campanile G, Baruselli PS, Vecchio D, Prandi A, Neglia G, Carvalho NA, et al. Growth, 252 

metabolic status and ovarian function in buffalo (Bubalus bubalis) heifers fed a low- or high-253 

energy diet. Anim Reprod Sci. 2010;122(1–2):74–81. doi:10.1016/j.anireprosci.2010.07.005 254 

[7]. Colazo MG, Ambrose DJ. New research in controlled breeding programs for dairy cattle. WCDS 255 

Adv Dairy Technol. 2013;25:75–95. 256 

[8]. Çevik M, Selçuk M, Doğan S. Comparison of pregnancy rates after timed artificial insemination in 257 

Ovsynch, Heatsynch and CIDR-based synchronization protocols in dairy cows. Kafkas Univ Vet 258 

Fak Derg. 2010;16(1):85–89. doi:10.9775/kvfd.2009.451 259 

[9]. Rao TKS, Kumar N, Kumar P, Chaurasia S, Patel NB. Heat detection techniques in cattle and 260 

buffalo. Vet World. 2013;6(6):363–369. doi:10.5455 261 

[10]. Mouffok C, Allouni A, Semara L, Belkasmi F. Factors affecting the conception rate of 262 

artificial insemination in small cattle dairy farms in an Algerian semi-arid area. Livest Res Rural 263 

Dev. 2019;31(4):1–9. 264 

[11]. Belay DL, Tara A, Tegeng A. Evaluating the efficiency of artificial insemination following 265 

oestrus synchronization of dairy cattle in the Southern Region, Ethiopia: The case of Dale Region. 266 

J Nat Sci. 2016;6(5):22–27. 267 

[12]. Miglior F, Fleming A, Malchiodi F, Brito LF, Martin P, Baes CF. A 100-year review: 268 

Identification and genetic selection of economically important traits in dairy cattle. J Dairy Sci. 269 

2017;100(12):10251–10271. doi:10.3168/jds.2017-12968 270 

[13]. Keskin A, Mecitoğlu G, Bilen E, Güner B, Orman A. The effect of ovulatory follicle size at 271 

the time of insemination on pregnancy rate in lactating dairy cows. Turk J Vet Anim Sci. 272 

2016;40:68–74. 273 

[14]. Mialot JP, Laumonnier G, Ponsart C, Fauxpoint H, Barassin E, Ponter AA, Deletang F. 274 

Postpartum subestrus in dairy cows: comparison of treatment with prostaglandin F2α or GnRH + 275 

prostaglandin F2α + GnRH. Theriogenology. 1999;52:901–911. doi:10.1016/S0093-276 

691X(99)00181-8 277 



 

 

[15]. Tada O, Masamba B, Gadzirayi CT. Efficiency of Crestar (progesterone analogue) and 278 

Prosolvin (prostaglandin analogue) in heat synchronization of indigenous smallholder dairy and 279 

commercial beef cows. Electron J Environ Agric Food Chem. 2010;9(2):384–395. 280 

[16]. Bouamra M, Ghozlane F, Ghozlane MK. Factors influencing the reproductive performances of 281 

dairy cows in Algeria. Livest Res Rural Dev. 2016;28(4). 282 

[17]. Ben Salem M, Bouraoui R, Chebbi I. Tendances et identification des facteurs de variation des 283 

paramètres de reproduction chez la vache laitière en Tunisie. 14èmes Rencontres Rech Ruminants. 284 

Paris; 2007. p. 371. Available from: 285 

http://www.journees3r.fr/IMG/pdf/2007_09_reproduction_05_BenSalem.pdf 286 

[18]. Orihuela A. Some factors affecting the behavioural manifestation of oestrus in cattle: A 287 

review. Appl Anim Behav Sci. 2000;70:1–16. doi:10.1016/S0168-1591(00)00139-8 288 

[19]. Woldu T, Giorgis YT, Hail A. Factors affecting conception rate in artificially inseminated 289 

cattle under farmer’s condition in Ethiopia. J Cell Anim Biol. 2011;5(16):334–338. 290 

doi:10.5897/JCAB11.067 291 

[20]. Grimard B, Freret S, Chevallier A, Pinto A, Ponsart C, Humblot P. Genetic and environmental 292 

factors influencing first-service conception rate and late embryonic/foetal mortality in low-fertility 293 

dairy herds. Anim Reprod Sci. 2006;91:31–44. doi:10.1016/j.anireprosci.2005.03.003 294 

[21]. Caraba I, Velicevic S. Using Ovsynch protocol versus Cosynch protocol in dairy cows. Appl 295 

Sci Biotechnol. 2013;46(2):63–65. 296 

[22]. Khan MRK, Uddin J, Gofur MDR. Effect of age, parity and breed on conception rate and 297 

number of services per conception in artificially inseminated cows. Bangladesh Livest J. 2015;1:1–298 

4. 299 

[23]. Lane EA, Beltman ME, Crowe MA, More SJ. The influence of cow and management factors 300 

on reproductive performance of Irish seasonal calving dairy cows. Anim Reprod Sci. 2013;141(1–301 

2):34–41. doi:10.1016/j.anireprosci.2013.06.019 302 

[24]. Buckley F, Mee JF, O'Sullivan K, Evans RD, Berry DP, Dillon P. Insemination factors 303 

affecting the conception rate in seasonal calving Holstein-Friesian cows. Reprod Nutr Dev. 304 

2003;43(6):543–555. doi:10.1051/rnd:2004002 305 

[25]. Pursley JR, Wiltbank MC, Stevenson JS, Ottobre JS, Garverick HA, Anderson LL. Pregnancy 306 

rates per artificial insemination for cows and heifers inseminated at a synchronized ovulation or 307 

synchronized estrus. J Dairy Sci. 1997;80:295–300. doi:10.3168/jds.S0022-0302(97)75937-X 308 

[26]. Colazo, M. G., & Ambrose, D. J. (2015). Effect of Initial Gn RH and Duration of Progesterone 309 

Insert Treatment on the Fertility of Lactating Dairy Cows. Reprod Domest Anim, 50(3), 497-504. 310 

[27]. López-Gatius, F. (2003). Is fertility declining in dairy cattle?: a retrospective study in northeastern 311 

Spain. Theriogenology, 60(1), 89-99. 312 

 313 

http://www.journees3r.fr/IMG/pdf/2007_09_reproduction_05_BenSalem.pdf

