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INTRODUCTION 

 
Sheep are an important tool of agriculture and animal husbandry in Romania. 

Sheep farming has always been a main concern of the Romanian farmer. This concern 

meant for Romanians in general, and for shepherds in particular, an important source of 

meat, milk and clothing. 

The possibility of applying artificial insemination biotechnologies is a benefit 

with major influences in the development of sheep farms through the possibility of 

diversification and improvement of the genetic background, and through the free 

movement of semen both inside and outside the Community. The literature is rich in 

data on this chapter but different results of researchers are very varied and often 

controversial. In Romania, things are less studied, artificial insemination in sheep is not 

a common practice, it is rather an event that is often experimental. This is due to the fact 

that the Biotechnology of artificial insemination is not recognized as being able to be 

done at farm level, farmers are forced to permanently own a ram in 35 females. 

Updating knowledge and developing effective protocols to stimulate the 

process of artificial insemination adds value to farmers, would help improve the genetic 

performances, and intensify the selection and improvement of sheep. Artificial 

insemination in sheep involves in most cases: synchronization of estrus and 

insemination at a fixed time. Large differences were reported in the success of 

insemination biotechnology in sheep, differences given by synchronization protocol, 

period of the year in which insemination is performed (reproductive season or out of 

season), substantial and doses used for synchronization, breed, maintenance conditions, 

etc. 

Unlike large ruminants, in sheep, the biotechnology of cryopreservation of 

semen followed by artificial insemination is very rarely used, breeders are not informed 

of the benefit of this method. The use of frozen semen together with the synchronization 

of estrus in sheep has several advantages in conditions of intensive animal breeding 

because using this method can plan anytime, any month, according to the farmer's 

preferences, the appearance of estrus in adult sheep can perform planned and 

rhythmically. Applying this method, not all sheep will be in estrus, only the selected ones 

with superior genetics, the non-compliant ones can be eliminated from the herd, without 

reproducing. The frozen semen allows the rapid improvement of the genetic background 

with the possibility to infuse in the farm the desired feature without the need to mobilize 

the animals. Freezing the semen, through successive dilutions, allows the fractionation 

of an ejaculate in several doses (up to 50), which streamlines biotechnology thus 

allowing the choice of the most valuable males and using their quality for unlimited 

periods. 

Keywords: semen, cryopreservation, artificial insemination 
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THESIS STRUCTURE 
 

The thesis entitled “Computerized analysis of ram semen, cryopreservation and 

evaluation of fertility rate after artificial insemination” contains 147 pages and is 

structured in two parts. 

The first part shows the current state of knowledge, it is divided into 3 chapters 

and extends over 29 pages. It includes general notions about the importance of sheep 

breeding worldwide and nationally, the description of sheep breeds included in the 

thesis, data on the sexual cycle in sheep and ways of synchronizing estrus, reproductive 

indices of sheep and their breeding systems. Last but not least, data on the conservation 

of the seminal material are presented, new ways of improving existing diluents are 

addressed. Also, notions related to artificial insemination, ways of achievement and 

results are presented. 

The second part contains 89 pages and represents personal contributions. It is 

structured on 8 chapters that are represented by studies carried out in the period 2018- 

2020. Chapter 4 illustrates the working hypothesis and research objective, while 

chapters 5-9 refer to 5 distinct studies, each containing objectives, materials and 

methods, results and discussions, as well as conclusions. Chapter 10 presents the 

general conclusions and recommendations, and, chapter 11 presents the originality and 

innovative contributions of the thesis. More than 650 sheep entered the studies, as well 

as 17 males. 

 
WORK HYPOTHESIS/OBJECTIVES 

The main objective of this paper was to develop protocols, so, the farmers can 

be provided with real data on what is needed biotechnology of artificial insemination 

and the benefits that can be brought by its implementation in our country. 

The secondary objectives of this study were: 

 Collection of the seminal material by the artificial vagina method, 
establishing the necessary time for this method, and the numbers of jumps 
for obtain 1 ejaculate; 

 Analysis of the semen with the CASA system, carrying out this step before 
and after preservation, for establish exactly the degree of semen damage 
following the preservation process; 

 Preparing diluents for dilution and preservation, improving them to 
increase the performance of the sperm cell after thawing; 

 Dilution of semen and its preservation; 
  Preparing females for Artificial Insemination, synchronizing them through 

several protocols and comparing lots between them; 
 Performing Artificial Insemination by Intra-cervical and Trans-cervical 

methods; evaluation of the fertility rate; 
 Ultrasound diagnosis of gestation; 
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 Determining the number of lambs obtained, determining the percentage of 
twinning and triplets after parturition. 

 

RESEARCH RESULTS 
 

Chapter 5 entitled "Biotechnology of artificial insemination during the 

breeding season" was conducted in order to identify a synchronization protocol that 

provides satisfactory performance after performing artificial intra-cervical 

insemination. 

For this purpose, different synchronization protocols were used on different 

groups of animals. The animals were randomly distributed, had a good state of 

maintenance, were not lactating at the time of the experiment. For synchronization of 

estrus, 2 synchronization protocols were used, including substances such as 

Progesterone analogues (Fluorogeston), Prostaglandin analogues (Cloprostenol), PMSG. 

For artificial insemination, semen material obtained by the artificial vagina method 

stored at refrigeration temperature was used. Artificial insemination was performed by 

the intra-cervical method. 

The percentage of sponge extraction after synchronization was 98,04%. The 

presence of estrus was 94.4% in group 1 and 73% in group 2. The gestation rate 

obtained after artificial intra-cervical insemination was 81% for group 2 and 86% for 

group 1. The onset of estrus occurred 50 ± 2 hours after administration of PMSG for both 

synchronized groups. The prolificacy was 1,29 for group 1 and 1,26 for group 2. The 

method of synchronization with Progestagene + PMSG shows higher indices in terms of 

estrus presence rate and gestation percentage. As for cost prices, the protocol with 

Progestagene is 8,33% more expensive than the one with prostaglandin analogues, a 

difference that is certainly justified by differential reproductive indicators obtained. 

Chapter 6, "Biotechnology of artificial insemination in out of breeding season 

(April-May)" contains research on the implementation of artificial insemination 

biotechnology in sheep in a non-breeding season by applying 3 different 

synchronization protocols followed by artificial intra-cervical insemination with 

refrigerated semen. The study was conducted on 2 different farms, one from Romania 

and one from Greece. 

Estrus synchronization in this study was performed using Melatonin, 

Progesterone analogues (Meloxiprogesterone), and PMSG. Intra-cervical artificial 

insemination was performed with refrigerated semen obtained on the day when the 

insemination was performed. The collection was performed by artificial vagina method 

and diluted with a milk powder extender. 

In farm A, the semen was collected from 3 rams. The average time to get an 

ejaculate was 268 seconds with limits between 236 seconds and 301 seconds. It took an 

average of 3.33 jumps to get one ejaculate, 1 ram ejaculated in the second jump, and the 

other two in the fourth jump. In farm B, after the collection of two rams, the average 
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collection time was 178 seconds, one ram was collected in 110 seconds and the other in 

244 seconds. The required jumps for one ejaculate were 2, 1 ram ejaculated at the first 

jump performed while the other ejaculated at the third jump. 

Progestogen and/or melatonin treatments in combination with PMSG are a 

good option for inducing estrus in out of breeding season sheep. The treatments induced 

ovarian activity, and, estrus symptomatology in all animals (100%) included in the 

study. Regarding the control group, the estrus induction rate was significantly lower 

compared to the groups that received hormonal treatments, only 6.25% of the sheep 

from the control group were observed in estrus in farm B, in farm A the percentage was 

4.16%. No statistically significant differences were observed between the treated 

groups in terms of gestation rate, in farm A the conception rate was 89.58%, 95.83% and 

91.67% for Mel group, MelMedroxi group and the Medroxi group. In farm B conception 

rates of 62.5%, 93.75% and 87.5% were obtained for the Mel, MelMedroxi and Medroxi 

lots. However, the results obtained in group Mel from farm B were lower than in farm A 

62.5% / 89.58%. Hormonal treatments with Melatonin, Medroxyprogesterone and 

PMSG to synchronize estrus significantly increase the number of lambs and thus the 

prolificity in out of breeding season, in our study the prolificity was 1,71 in farm A and 

1.60 in farm B, significantly higher than in the other two groups where was between 

1.21 and 1.5. The synchronization protocol used in the MelMedroxi group was 40% 

more expensive than the other two groups. Prolificity is what can make the difference 

from an economic point of view, it is what can indicate the use of this synchronization 

protocol. 

Chapter 7 titled "Biotechnology of artificial insemination in non-breeding- 

season (June-July)" aimed to observe the applicability of artificial insemination 

biotechnology in a flock of sheep in Romania after the induction of estrus with 

progestogens implants, GnRH and/or Prostaglandin F2alfa analogues (Cloprostenol) in 

June-July months. 

The study was conducted on a farm from Romania on a number of 152 females. 

The animals were divided into 3 groups according to the synchronization protocol that 

was performed. 

The semen was collected by the artificial vagina method from 2 rams. The 

average time to get an ejaculate was 195 seconds with limits between 125 and 245 

seconds. It took an average of 2,5 jumps to get an ejaculate, 1 ram ejaculated at the first 

jump, and the second at the fourth jump on the sheep in estrus. From the total of 132 

intravaginal sponges introduced in groups A and B, in the case of group B, a sponge was 

lost during the period of 10 days while the intravaginal sponges were kept. The estrus 

induction rate was 95,45% for groups A and B and 15% for the control group. In the case 

of group A, from 63 females artificially inseminated in 60 cases (95,23%), the gestation 

was confirmed at the ultrasound examination performed at 29 days. In 10 cases 

(16,66%) the diagnosis of twin gestation was established. In the case of group B, from 

63 females artificially inseminated, in 61 cases the diagnosis of pregnancy was a positive 

one (96,82%). In 12 cases (20%), the pregnancy was a twin one. Regarding the control 
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group, from 3 inseminated animals, in 2 cases the gestation was confirmed at the 

ultrasound examination (66,66%), no multiple gestations were identified in this group. 

After the calving ended, 145 lambs from 123 parturitions were obtained. In the case of 

group A, from 60 parturitions, 70 lambs were obtained, in 10 cases the parturition was 

a twin one, and in the remaining 30 cases, one lamb was obtained from each sheep. The 

percentage of twin pregnancies in this group was 16,66%. In the case of group B, a 

number of 82 lambs was obtained, 49 parturitions were with a single product and 12 

(20%) twins. In the control group, from 2 parturitions that took place, 2 lambs were 

obtained. No triple births occurred in this experiment. The prolificacy was 1,16 for group 

A, 1,32 for group B and 1 for the control group. 

Chapter 8 entitled "Computer analysis of ram semen and its preservation by 

freezing" aims to achieve the freezing of ram semen using a simple commercial diluent 

(Biladyl) and in combination with various antioxidants (Arginine and Eugenol), semen 

samples were analyzed using the automatic analysis system (CASA) both before and 

after the freezing-thawing process. 

Rams of the Lacaune (n = 3) and Țurcana breeds (n = 4) were subjected to 

semen collection, and subsequently, the semen was processed for preservation by 

freezing. The semen samples obtained were mixed and then divided into 3 groups 

according to the diluent used for cryopreservation. The dilutions were performed on 

farms, immediately after collection, after which the semen was brought to the laboratory 

of the Faculty of Veterinary Medicine in Cluj Napoca where it was subjected to analysis 

and freezing. 

In July 2019, the members of the Reproduction Department at the Faculty of 

Veterinary Medicine in Cluj Napoca reported for the first time in Romania the success of 

ram semen cryopreservation, semen that was later used for artificial insemination in 

sheep. 

The average collection time for Lacunae rams was 188 seconds with limits 

between the fastest collection of 168 seconds and the most difficult one of 236 seconds. 

The average jump required to obtain an ejaculate was 3, with a limit between 1 and 6 

jumps. In the case of Țurcană rams, the collection could not be carried out until the 4th 

session. The average time required for the collection was 445 seconds, with limits 

between 125 and 755 seconds. The average number of jumps to obtain an ejaculate was 

6 with values between 1 and 12. All samples showed good mobility after thawing and 

therefore can be used for artificial insemination. If before freezing the total mobility was 

over 91% regardless of the group of which the sample was part, in the case of 

Progressive Mobility several differences were observed between groups. This 

parameter was higher (over 40%) in the case of the samples from the Bil Group and 

about 36-37% in the other two cases. After thawing, the total mobility was higher in the 

case of samples where the dilution was performed with Biladyl diluent improved with 

the antioxidant Eugenol. The average value of this parameter was over 80% compared 

to the other lots where it was 73% (Bil) and 75% (Bil A). The same differences could be 

observed in the case of progressive mobility, a value of over 30% in the case of the Bil E 
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group and about 24% in the case of the other 2 groups. In the case of the Biladyl diluent 

improved with Eugenol, higher values could be observed after thawing both in terms of 

active sperm and the proportion of sperm with energetic, fast forward movements. The 

percentage of inactive sperm in the case of group Bil E after thawing had an average of 

only 19% compared to 24% for group Bil A and 26% for group Bil. Also, the percentage 

of sperm with fast forward movements after thawing was 28% in the case of the Bil E 

group compared to the other groups where it was 22% and 21%, respectively. Higher 

values of the average of progressiveness could be observed in the case of the Bil E Group 

after thawing, 28% compared to 21% in the case of the other groups. No statistical 

differences were identified regarding the kinetic parameters of the semen collected 

from Lacaune rams compared to Turcana rams. 

Chapter 9 titled “Artificial insemination with frozen semen” aimed to perform 

trans-cervical artificial insemination with frozen semen in straws. 

For this, 34 females of the Lacaune breed were selected for estrus 

synchronization and artificial insemination. Estrus synchronization was performed 

using progesterone analogues in combination with PMSG. Insemination was performed 

only in females with an open cervix, females where it was possible to overcome the 

cervical canal with the insemination gun. 

From 34 synchronized animals, in 29 cases (85,29%) artificial insemination 

was performed. In 5 cases (14,7%), either the females did not express estrus behaviour, 

or the cervix was not open enough to succeed in overcoming the cervical canal. These 

animals were removed from the study. In 9 cases, frozen semen with Biladyl extender 

without other additives was used for insemination, in 10 cases straws from frozen 

seminal material with Biladyl diluent improved with Arginine and frozen straws with 

Biladyl diluent improved with Eugenol for the remaining 10 cases. From 29 animals that 

were inseminated, in 19 cases, gestation was confirmed (65,51%). At the gestation 

examination performed at 29 days in case of Bil group, 5 pregnant females from 9 

inseminated (55,55%) were diagnosed. In the case of the Bil A group the gestation was 

confirmed in 6 of the 10 sheep (60%) and the case of the Bil E group in 8 cases from 10 

(80%) the diagnosis of gestation was a positive one. The total prolificacy was 1,28, with 

limits between 1,12 in the case of the Bil E group and 1,4 in the case of the Bil group. 

CONCLUSIONS 

1. The semen collection from Lacaune rams by artificial vagina method can be 

performed relatively easy, the average times required for this is between 195 and 296 

seconds, with averages of the number of jumps needed to obtain an ejaculate between 

2,33 and 3. 

2. The semen collection from Țurcană rams by artificial vagina method is more 

difficult than in the case of Lacaune rams, the collection needs an average collection time 

of 445 seconds and an average of 6 jumps to obtain an ejaculate. 
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3. The incidence of clinical estrus according to the synchronization protocol 

using synthetic progesterone analogues and PMSG is 100% in out of breeding season 

and 94% in reproductive season. Following the synchronization in the reproductive 

season with e administration of Cloprostenol at an interval of 11 days, estrus occurs in 

73% of cases. 

4. Artificial intra-cervical insemination with chilled semen in the reproductive 

season allows obtaining gestation rates between 80-85%. 

5. The best results in out of breeding season in terms of gestation rate (approx. 

93%) and prolificacy (approx. 1,6) are obtained using the Melatonin synchronization 

protocol in combination with Progesterone analogues and PMSG. 

6. Synchronization of estrus with Ovigest sponges in combination with GnRH 

and/or Prostaglandin in June-July allows an estrus induction rate of about 95%, a 

gestation rate over 90% and a prolificacy of about 1,2. 

7. The use of prostaglandin or synthetic analogues of this molecule in non- 

breeding season synchronization protocols increases by 10% the cost of 

synchronization, which is not justified by the improvement of reproductive indices. 

8. In 85% of females of the Lacaune breed synchronized by the synchronization 

protocol with Medroxyprogesterone and PMSG, the cervix is open enough to perform 

artificial trans-cervical insemination. 

9. Freezing of both semen, Lacaune and Țurcană breeds, can be performed with 

good results by using the commercial extender Biladyl. 

10. Eugenol, used as a supplement for the commercial diluent Biladyl improves 

sperm parameters both in-vivo (progressive thawing mobility over 30%) and in-vitro 

(gestation rate 80%). 

11. We recommend the collection of seminal material by the artificial vagina 

method, even if it is a little bit difficult in native breeds. 

12. To synchronize estrus in the non-breeding season, we recommend the 

Melatonin protocol in combination with Progesterone analogues and PMSG. 

13. We recommend the addition of Eugenol to commercial extenders, this leads 

to an improvement of sperm parameters on thawing and increased gestation rate. 

14. We recommend the trans-cervical technique in case of using frozen semen 

to perform artificial insemination, the results obtained are very good and are not an 

invasive technique such as laparoscopic artificial insemination. 

 
THE ORIGINALITY AND INNOVATIVE CONTRIBUTIONS OF 

THE TESIS 
The studies carried out within this thesis bring the first element of originality 

by establishing the times required for sperm collection by the artificial vagina method 

and the number of jumps required to obtain an ejaculate. The calculations performed as 
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well as the obtained results are a reliable model for other researches, in the specialized 

literature no concrete data regarding this aspect had been found. 

Another element of originality is the implementation of non-breeding season 

synchronization protocols that included Melatonin. There are currently no products on 

the Romanian market that contain this active substance and that are recommended in 

the synchronization of estrus in sheep. Melatonin used in this study was purchased from 

Greece. 

A premiere of this study is the realization of the process of cryopreservation of 

ram semen and obtaining doses of semen that can be used later for artificial 

insemination. In Romania, ram semen is not found on the market unless imports are 

performed. This thesis represents a beginning in this field with large implications for the 

future both in terms of conserving the genetic background and accelerating genetic 

evolution. Also, the use of the CASA device to analyse the semen material obtained by 

rams from Romania represents an element of originality, the previous studies being 

based mainly on subjective analyses of the semen. 
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