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ABSTRACT
Embryo transfer (ET) is a key advancement in reproductive biotechnology, with its success hinging on various factors related to the embryo, recipient, and their intricate interactions. In cattle, ET represents a significant financial commitment, mainly due to the costs associated with managing and maintaining recipient animals. Enhancing pregnancy rates in recipients can lead to more efficient embryo utilization, resulting in cost savings by minimizing transfer expenses and the care needed for non-pregnant animals. This review emphasizes the importance of comprehensive management practices, including optimal nutrition, synchronization of the recipient's cycle with the donor's, precise procedural techniques during embryo transfer, and effective post-transfer management, all of which are essential for improving ET outcomes in recipient cattle. 
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INTRODUCTION
Embryo transfer is a significant advancement in reproductive biotechnology, offering opportunities for genetic improvement and expanding marketing potential in purebred cattle. Once transferable embryos are harvested from a donor cow, the decision must be made regarding which recipients should receive the embryos to maximize the number of successful pregnancies [1]. The suitability of recipients depends on several factors, including management practices, nutrition, and estrous cycle control, to ensure the presence of a functional corpus luteum at the time of transfer [2]. The success of an embryo transfer program relies more on the recipient than the donor, as the recipient must achieve and sustain a healthy pregnancy, calve independently, and rear a high-quality calf [3]. Therefore, emphasis must be placed on selecting the right recipient and implementing strategies that allow both customers and practitioners to effectively utilize embryos from superovulation, in vitro production, or nuclear transfer to maximize the number of pregnancies [4]. Selecting recipients with a higher likelihood of successful conception and pregnancy maintenance is one of the most crucial factors affecting the efficiency of using IVF embryos in timed embryo transfer programs [5,6].
EMBRYO TRANSFER TECHNIQUE
The first successful embryo implantation in a cyclic female was accomplished in rabbits in 1891, but it became widely practiced in cattle only during the 1970s [7]. Embryo transfer (ET) is a biotechnological procedure in which an embryo is harvested from a female donor and subsequently implanted into a recipient female, where the embryo continues its development [8]. ET represents a significant advancement in reproductive biotechnology, enabling the exploitation of genetic potential in bovine production, enhancing the quality and efficiency standards, and increasing reproductive rates in elite females [9]. Key benefits of ET include the acceleration of desirable genetic dissemination, the ability to produce a greater number of offspring from genetically superior donors, enhancement of reproductive efficiency in repeat breeders, and the mitigation of fertility issues caused by heat stress during breeding and the early stages of pregnancy [10]. Embryos intended for transfer are either produced in vivo through multiple ovulation embryo transfer (MOET) or in vitro through in vitro fertilization (IVF), and may be transferred fresh or following cryopreservation [11]. In vitro embryos are generated by extracting oocytes from follicles, typically via ultrasound-guided transvaginal aspiration, although oocytes can also be retrieved from ovaries outside the body. These oocytes are then matured in a controlled culture environment before being fertilized with prepared sperm. The resulting zygotes are cultured until they reach the morula or blastocyst stage for transfer [12]. 
SELECTION AND SYNCHRONIZATION OF RECIPIENT CATTLE	
In embryo transfer (ET) programs, recipients play a crucial yet often overlooked role in the overall success of the operation [13]. Therefore, the accurate selection of recipients stands as one of the primary objectives for achieving success in an ET program [14]. The process of selecting recipients for embryo transfer is based on specific breeding criteria, which include the reproductive health of the cows, their ability to calve without difficulty, proficiency in milking and mothering, adequate nutrition, and their involvement in a thorough herd health program [15]. A clinical examination of the ovaries to confirm the presence of a corpus luteum is a critical component in selecting recipients on the day of embryo transfer [16], as the presence of a "high-quality" CL is the most vital factor in determining whether a recipient is suitable for further use in the transfer process [17]. Synchronizing donors and recipients is a pivotal component of embryo transfer that must not be overlooked. To optimize the chances of embryo survival in the recipient after transfer, the conditions within the recipient's reproductive tract should align closely with those of the donor. This requires the synchronization of estrous cycles between both the donor and the recipients, ideally within a one-day window of each other [18]. The highest pregnancy rates were observed when recipients were synchronized to be 24 hours out of phase with the donor, while the lowest rates occurred when recipients were either +36 or -36 hours out of sync with the donor [19]. Early estrous synchronization systems primarily focused on manipulating the estrous cycle by inducing luteolysis via an injection of PGF2α, followed by estrus detection. Once single PGF2α treatments proved successful, research shifted towards multiple PGF2α injections to reduce the days required for estrus detection [20,21]. For recipients synchronized with prostaglandin F2α (PGF2α), treatment must be administered 12 to 24 hours before the donor cows, as estrus induced by PGF2α in recipients occurs 60 to 72 hours later [22]. The subsequent generation of estrous synchronization systems involved the use of exogenous progestins, such as intravaginal progesterone release inserts (CIDR) or melegestrol acetate (MGA), to delay estrus following natural or induced luteolysis, thereby extending the length of the estrous cycle [23,24]. The third generation of estrous synchronization systems focused on controlling follicular waves with a single GnRH injection at any stage of the estrous cycle, which induces an LH surge, thereby synchronizing ovulation or luteinization of dominant follicles [25]. As a result, a new follicular wave is initiated in more than 60% of cows within 1 to 3 days of GnRH administration. The luteal tissue formed after GnRH injection undergoes PGF2α-induced luteolysis 6 or 7 days later [26]. The use of GnRH to regulate follicular wave emergence, ovulation, and PGF2α for luteolysis led to the development of the Ovsynch protocol for dairy cows [27].	Comment by Atindra Karar: Kindly check the spelling and change it. The correct name will be “megestrol acetate”.
EFFICIENT MANAGEMENT OF RECIPIENT 
The primary challenges facing animal biotechnology in developing countries include limited access to resources, the distinctiveness of animal breeds, a lack of trained technicians and fieldworkers, the high cost of acquiring technology from developed nations, expensive technological inputs, minimal investment in animal biotechnology, neglect of indigenous knowledge, and the disregard for local agricultural management practices [28]. To ensure the successful application of embryo transfer technology, several critical factors must be established. Therefore, producers, veterinarians, and all members of the herd management team must be well-versed in both the short-term and long-term elements that contribute to a successful embryo transfer program [3].
Examples of recipient factors that negatively impact pregnancy rates following embryo transfer (P/ET) include low body condition score, inadequate weight gain, lactation or parity in dairy cattle, temperament, and the presence of periparturient or postpartum diseases [30].
1. Insufficient intake of energy, protein, vitamins, and essential micro- and macrominerals has been linked to suboptimal reproductive performance. Body condition scoring (BCS) serves as a reliable method to assess the nutritional status of recipients, and through strategic feeding, an ideal BCS can be achieved. The effect of BCS before calving also impacts calf birth and weaning weights. When cows were fed to attain a BCS of either 4 or 6 prior to calving, both body weights and calf birth and weaning weights (with similar genetics) were higher in those cows [3].
2. Plasma progesterone concentration is closely associated with the mass, volume, and structure of the corpus luteum. Progesterone, produced by the corpus luteum (from granulosa cells), as well as by the placenta and adrenal glands in various mammals, plays an essential role in uterine development, implantation, blastocyst growth, fetal maintenance, and reduction of uterine tone during pregnancy. An immediate rise in serum progesterone levels after insemination is crucial for sustaining pregnancy and supporting the proper development of the conceptus [30].
3. For successful conception in bovine embryo transfer (ET), the presence of a functional corpus luteum (CL) and sufficient progesterone (P4) production is vital. These elements are critical for initiating and maintaining pregnancy, as CL size correlates with plasma P4 levels. Larger luteal tissue areas positively influence conception rates (CR) in bovine embryo recipients [31]. Increasing the number of corpora lutea in recipients may enhance pregnancy rates in embryo transfer programs. The continuous function of the corpus luteum ensures sustained P4 secretion, which in turn prepares the uterine environment, making it more receptive to the embryo and fostering its development [30].
4. The highest pregnancy rates are typically observed during the winter season, followed by spring, autumn, and summer. It is important to note that elevated temperatures in the summer can delay embryonic development, as embryos in warmer conditions have a reduced capacity to secrete interferon, which is essential for maternal recognition and the maintenance of pregnancy [32].
5. The experience of the operator remains a critical factor, as the operator not only determines the optimal site for embryo deposition within the selected uterine horn but also ensures that the procedure is performed with precision to minimize trauma during the transfer [33]. The procedural technique during embryo transfer is essential for creating favorable conditions for successful implantation. This includes ensuring that embryos are placed in the uterus without direct contact with the uterine fundus, which could cause contractions or trauma, potentially hindering successful implantation [34].
6. Recipient movement during embryo transfer, particularly when the embryo transfer gun is within the uterus, increases the risk of endometrial damage. Pregnancy rates have been found to be inversely correlated with the time spent in the uterus during the transfer [35]. Moreover, the manipulation of the uterus per rectum can induce the uterine release of prostaglandin F2α, which may negatively affect the success of embryo implantation [36].
POST TRANSFER MANAGEMENT
Effective recipient herd management post-embryo transfer is essential for the success of embryo transfer (ET). Managing the herd requires a fundamental understanding of the recipients' nutritional needs, post-transfer synchronization, disease management, and marketing strategies [37]. Optimal fertility is observed in herds where handling facilities are designed to minimize stress, ensuring that cattle receive ideal nutritional supplementation for at least 45 days post-transfer, as nutrition plays a pivotal role in all reproductive aspects, particularly for recipient females [38]. Understanding the timing of conception and calving enables better calving supervision, while pre-calving vaccinations can be strategically timed to ensure optimal efficacy [39]. Pregnancy rates have been shown to be lower in recipients transported between 8 and 33 days post-insemination, compared to those transported within the first 4 days. This suggests that it is preferable to transport recipients before ET. Ultrasonography is a reliable method for detecting the presence of a conceptus as early as 28 days, but it is recommended to recheck all cows after 45 days to confirm pregnancy. Furthermore, effective management of a recipient herd involves preparing recipients to receive embryos and identifying open cows for resynchronization or insemination, which increases the likelihood of achieving pregnancy and producing genetically superior offspring [3].
CONCLUSION 
Effective recipient management is fundamental to improving conception rates following embryo transfer. The study highlights that adhering to standard management practices, such as strategic handling, proper nutrition, and health monitoring, directly contributes to enhanced outcomes. Nutritional interventions, in particular, play a vital role, with improved diets leading to better reproductive performance. Additionally, optimizing the uterine environment, especially through precise synchronization, significantly boosts conception rates. Moving forward, future research should focus on developing comprehensive embryo transfer protocols that incorporate these strategies, tailored to specific breeding objectives. Investigating ideal environmental conditions for recipients will be essential to further enhance the success of embryo transfer technology under field conditions, ensuring optimal outcomes and greater reproductive efficiency. 
REFERNCES	Comment by Atindra Karar: Citation pattern needs to be changed keeping in view of the following points to make the paper more attractive for the readers:
All the references are to be arranged alphabetically.
Arrange the references accordingly after doing the above change.
1. Wright, J M. (1981). Non - surgical embryo transfer in cattle, embryo recipient interaction. Theriogenology; 15:43–56
2. Jones, A. L., & Lamb, G. C. (2008). Nutrition, synchronization, and management of beef    embryo transfer recipients. Theriogenology, 69(1), 107–115. https://doi.org/10.1016/j.theriogenology.2007.09.004
3. G. C. (n.d.). Donor and recipient management to optimize embryo technology success. 	Comment by Atindra Karar: Journal details like journal name, volume number, issue number, page number and date of publication of the reference are missing.
4. Looney, C. R., Nelson, J. S., Schneider, H. J., & Forrest, D. W. (2006). Improving fertility in beef cow recipients. Theriogenology, 65(1), 201–209. https://doi.org/10.1016/j.theriogenology.2005.09.023 
5. Lonergan P, Woods A, Fair T, Carter F, Rizos D, Ward F, et al. (2007). Effect of embryo source and recipient progesterone environment on embryo development in cattle. Reproduction Fertility Development,19:861e8.	Comment by Atindra Karar: No “et al.” is required here as already you have mentioned all the authors’ name.
6. Lonergan P, Forde N. (2014) Maternal-embryo interaction leading up to the initiationof implantation of pregnancy in cattle. Animal; 8:64e9. https://doi.org/10.1017/S1751731114000470.
7. Betteridge, K. J. (2003). A history of farm animal embryo transfer and some associated techniques. Anim. Reprod. Sci. 79:203–244. doi:10.1016/s0378-4320(03)00166-0]
8. Review on embryo transfer in cattle and its application : abstract                                                                                                        Yonas Dawle Menta Wolaita Zone, Boloso Sore Woreda Agricultural Office, Areka, Ethiopia]	Comment by Atindra Karar: Author name and journal details like journal name, volume number, issue number, page number and date of publication of the reference are missing. Also arrange the reference in the following pattern:
Author(s) name (Year of publication). Name of the research article. Journal name, volume number, issue number, page number.
9. Hafez ESE, Hafez B.(2002).Reproducción e inseminación artificial enanimales. Mexico: McGraw-Hill Interamericana , 519
10. Baruselli, P. S., Ferreira, R. M., Filho, M. F. S., Nasser, L. F. T., Rodrigues, C. A., & Bó, G. A. (2010). Bovine embryo transfer recipient synchronisation and management in tropical environments. Reproduction, Fertility and Development, 22(1), 67. https://doi.org/10.1071/RD09214 
11. Mikkola, M., J. F. Hasler, and J. Taponen. (2019). Factors affecting embryo production in superovulated Bos taurus cattle. Reprod. Fertil. Dev. 32:104–124. doi:10.1071/RD19279]
12. Tríbulo, P., Rivera, R. M., Ortega Obando, M. S., Jannaman, E. A., & Hansen, P. J. (2019). Production and Culture of the Bovine Embryo.In Journal R. Herrick (Ed.), Comparative Embryo Culture (Vol. 2006, pp. 115–129). Springer New York. https://doi.org/10.1007/978-1-4939-9566-0_8 
13. Schmidt J. (2012). Thriving, surviving, and nose-diving in beef recipient management.Proc Am Embryo Transf Assoc 2010:35e42 
14. Phillips PE, .( 2016). Jahnke MM. Embryo transfer (techniques, donors, and recipients).
Vet Clin North Am Food AnimPract;32:365e85.https://doi.org/10.1016/j.cvfa.2016.01.008.
15. Selk, G. (2010). Embryo transfer in cattle. Division of Agriculture and Natural Resource, 3158, 1-4
16. Jaśkowski, B. M., Bostedt, H., Gehrke, M., & Jaśkowski, J. M. (2021). Ultrasound Characteristics of the Cavitary Corpus Luteum after Oestrus Synchronization in Heifers in Relation to the Results of Embryo Transfer. Animals, 11(6), 1706. https://doi.org/10.3390/ani11061706
17. Phillips, P. E., & Jahnke, M. M. (2016). Embryo Transfer (Techniques, Donors, and Recipients). Veterinary Clinics of North America: Food Animal Practice, 32(2), 365–385. https://doi.org/10.1016/j.cvfa.2016.01.008 
18. Galina, C. & Orihuela, A. (2007). The detection of estrus in cattle raised under tropical conditions: What We Know and What We Need To Know Hormones and Behavior, 52, 32-38 
19. Looney, C. R., Nelson, J. S., Schneider, H. J., & Forrest, D. W. (2006). Improving fertility in beef cow recipients. Theriogenology, 65(1), 201–209. https://doi.org/10.1016/j.theriogenology.2005.09.023 
20. Lauderdale J.W., B.E. Seguin, J.N. Stellflung, J.R. Chenault, W.W. Thatcher, C.K. Vincent, and A.F.Loyancano.( 1974) . Fertility of cattle following PGF2 injection. J. Anim. Sci. 1974;38:964-967 
21. Seguin, B.E., B.K. Gustafson, J.P. Hurtgen, E.C. Mather, K.R. Refsal, R.A. Wescott, and H.L. Withmore.(1978). Use of the prostaglandin F2 analog cloprostenal (ICI 80,996) in dairy cattle with unobserved estrus. Theriogenology 10:55-64]
22. Genzebu, D. (2015). A review of embryo transfer technology in cattle. Global Journal of Animal Scientific Research, 3(2), 562-575  
23. Brown L.N., K.G. Odde, D.G. LeFever, M.E. King, C.J. Neubauer.(1988) . Comparison of MGA- PGF2 to Syncro-Mate B for estrous synchronization in beef heifers. Theriogenology 30:1-12.                                                                                         
24. Lucy, M. C., Billings, H. J., Butler, W. R., Ehnis, L. R., Fields, M. J., Kesler, D. J., Kinder, J. E., Mattos, R. C., Short, R. E., Thatcher, W. W., Wettemann, R. P., Yelich, J. V., & Hafs, H. D. (2001). Efficacy of an intravaginal progesterone insert and an injection of PGF2alpha for synchronizing estrus and shortening the interval to pregnancy in postpartum beef cows, peripubertal beef heifers, and dairy heifers. Journal of Animal Science, 79(4), 982. https://doi.org/10.2527/2001.794982x
25. Bao, B., & Garverick, H. A. (1998). Expression of steroidogenic enzyme and gonadotropin receptor genes in bovine follicles during ovarian follicular waves: A review. Journal of Animal Science, 76(7), 1903. https://doi.org/10.2527/1998.7671903x 
26. Twagiramungu, H., Guilbault, L. A., & Dufour, J. J. (1995). Synchronization of ovarian follicular waves with a gonadotropin-releasing hormone agonist to increase the precision of estrus in cattle: A review. Journal of Animal Science, 73(10), 3141. https://doi.org/10.2527/1995.73103141x
27. Pursley, J. R., Mee, M. O., & Wiltbank, M. C. (1995). Synchronization of ovulation in dairy cows using PGF2α and GnRH. Theriogenology, 44(7), 915–923. https://doi.org/10.1016/0093-691X(95)00279-H 
28. Seidel, G. & Seidel, S. (1992), Analysis ofapplications of embryo transfer indeveloping countries. ATSAF(Council for tropical and subtropicalresearch) Bonn, Germany	Comment by Atindra Karar: Journal details like volume number, issue number and page number of the reference are missing. Also “of” and “application” will be separate. 
29. Hansen, P. J. (2020). The incompletely fulfilled promise of embryo transfer in cattle—Why aren’t pregnancy rates greater and what can we do about it? Journal of Animal Science, 98(11), skaa288. https://doi.org/10.1093/jas/skaa288	Comment by Atindra Karar: The highlighted reference is missing in the body of the manuscript.
30. 30.Sahu, T.,(2022). M.V.Sc. Dissertation. Indian Veterinary Research Institute, Izatnagar.                                                                                                          	Comment by Atindra Karar: Already serial number of the reference is written. You have mistakenly repeated “30” 2 times.	Comment by Atindra Karar: Journal details like volume number, issue number and page number of the reference are missing.
31. Tríbulo, H., Bó, G. A., Gatti, G., Tegli, J. C., Cutaia, L., Moreno, D., & Tribulo, R. (2000).Pregnancy rates in embryo recipients treated with estradiol benzoate and CIDRB vaginal devices to eliminate the need for estrus detection. In International Congress on Animal Reproduction. 14: p. 115.
32. Puicón, V., Burga, N., & Bardales, W. (2018). Factors affecting the pregnancy rate in transfers of embryos in crossbreed Brown Swiss. MOJ Anatomy & Physiology, 5(2). https://doi.org/10.15406/mojap.2018.05.00171
33. Sreenan JM, Diskin MG. (1987) . Factors affecting pregnancy rate following embryo transfer in the cow. Theriogenology; 27:99–113 
34. Plowden, T. C., Hill, M. J., Miles, S. M., Hoyt, B., Yauger, B., Segars, J. H., Csokmay, J. M., & Chason, R. J. (2017). Does the Presence of Blood in the Catheter or the Degree of Difficulty of Embryo Transfer Affect Live Birth? Reproductive Sciences, 24(5), 726–730. https://doi.org/10.1177/1933719116667607 
35. Rowe RF, Del Campo MR, Crister JK, Ginther OJ. (1980).Embryo transfer in cattle: non-surgical transfer. Am J Vet Res , 41:1024–8.
36. Wann, R. A., and R. D. Randel. (1990). Effect of uterine manipulation 35 days after parturition on plasma concentrations of 13, 14-dihydro-15-keto prostaglandin F2 alpha in multiparous and primiparous Brahman cows. J. Anim. Sci. 68:1389–1394. doi:10.2527/1990.6851389x
37. Schmidt, J. (2010).Thriving, surviving, and nose-diving  in beef recipient management.In : proceeding of America embryo transfer association, Champaign, IL; p. 35-42
38. Whitman, R.W. (1975). Weight change, body condition and beef-cow reproduction. Ph.D. Dissertation. Colorado State Univ., Fort Collins.                                                                                                          	Comment by Atindra Karar: Journal details like volume number, issue number and page number of the reference are missing.
39. Smith, D.R., D.M. Grotelueschen, T. Knott, and S. Ensley. (2003). Managing to alleviate calf scours: the sandhills calving system. Proc, The Range Beef Cow Symposium XVIII, Mitchell,NE




