
 

1 

 

JAST (Journal of Animal Science and Technology) TITLE PAGE  
Upload this completed form to website with submission 

  

ARTICLE INFORMATION Fill in information in each box below 

Article Type Research article 

Article Title (within 20 words without abbreviations) Exploring the impacts of different antral follicle count and luteal 
presence on ovarian response and fertility in inseminated Boer does 
 

Running Title (within 10 words) Increasing fertility with high number of antral follicle count  

Author Tossapol Moonmanee1,2,*, Nalinthip Promsao1, Punnawut Yama1, 
Assawadet Suriard1, Wichayaporn Butmata1, Siriluck Ampawa1, 
Raktham Mektrirat3, Julakorn Panatuk4, Payungsuk Intawicha5, 
Jiratti Thammasiri6, and Chien-Kai Wang7  
 

Affiliation 1 Department of Animal and Aquatic Sciences, Faculty of Agriculture, 
Chiang Mai University, Chiang Mai 50200, Thailand 

2 Functional Feed Innovation Center, Faculty of Agriculture, Chiang 
Mai University, Chiang Mai 50200, Thailand 

3 Department of Veterinary Biosciences and Veterinary Public 
Health, Faculty of Veterinary Medicine, Chiang Mai University, 
Chiang Mai 50100, Thailand 

4 Faculty of Animal Science and Technology, Maejo University, 
Chiang Mai 50290, Thailand 

5 Division of Animal Science, School of Agriculture and Natural 
Resources, University of Phayao, Phayao 56000, Thailand 

6 Department of Animal Production Technology, Faculty of 
Agricultural Technology, Kalasin University, Kalasin 46000, 
Thailand 

7 Department of Animal Science, National Chung Hsing University, 
Taichung 40227, Taiwan 
 

ORCID (for more information, please visit 
https://orcid.org) 

Tossapol Moonmanee (https://orcid.org/0000-0002-9490-1357) 
Nalinthip Promsao (https://orcid.org/0009-0007-6128-7198) 
Punnawut Yama (https://orcid.org/0000-0002-7517-7834) 
Assawadet Suriard (https://orcid.org/0009-0006-8275-9222) 
Wichayaporn Butmata (https://orcid.org/0009-0000-9156-0270) 
Siriluck Ampawa (https://orcid.org/0009-0003-5310-6458) 
Raktham Mektrirat (https://orcid.org/0000-0001-7429-0993) 
Julakorn Panatuk (https://orcid.org/0000-0002-1635-7624) 
Payungsuk Intawicha (https://orcid.org/0000-0002-0314-0813) 
Jiratti Thammasiri (https://orcid.org/0009-0001-4565-4978) 
Chien-Kai Wang (https://orcid.org/0000-0002-9162-6820) 
 

Competing interests No potential conflict of interest relevant to this article was reported. 
 

Funding sources 
State funding sources (grants, funding sources, 
equipment, and supplies). Include name and number of 
grant if available. 

The research was funded by the Graduate Research Scholarships in 
Agriculture and Agro-Industry Research, Agricultural Research 
Development Agency (Public Organization), Thailand (grant number: 
GSCMU(HRD65050085)/10/2565). 
 

Acknowledgements The authors thank to the Graduate Research Scholarships in 
Agriculture and Agro-Industry Research, Agricultural Research 
Development Agency (Public Organization), Thailand for the 
financial support (grant number: GSCMU(HRD65050085)/10/2565). 
This research work was partially supported by Chiang Mai 
University, Thailand. This study was jointly supported by the 
Production and Processing Livestock, University of Phayao (FF67-
UoE014), Thailand. 
 

Availability of data and material Upon reasonable request, the datasets of this study can be available 
from the corresponding author. 
 

ACCEPTED



  

2 

 

Authors' contributions 
Please specify the authors’ role using this form. 

Conceptualization: Moonmanee T, Mektrirat R, Panatuk J, Intawicha 
P, Thammasiri J, Wang CK.  
Data curation: Moonmanee T. 
Methodology: Promsao N, Yama P, Suriard A, Butmata W, Ampawa 
S. 
Validation: Moonmanee T. 
Investigation: Moonmanee T. 
Writing - original draft: Moonmanee T. 
Writing - review & editing: Moonmanee T, Promsao N, Yama P, 
Suriard A, Butmata W, Ampawa S, Mektrirat R, Panatuk J, Intawicha 
P, Thammasiri J, Wang CK. 
 

Ethics approval and consent to participate The current experiment was approved by the Animal Care and Use 
for Science and Technology Research of Maejo University 
(MACUC019A/2564) according to the Ethical Principles and 
Guidelines for the Use of Animals of the National Research Council 
of Thailand. 
 

 
CORRESPONDING AUTHOR CONTACT INFORMATION  

 

For the corresponding author (responsible for 
correspondence, proofreading, and reprints) 

Fill in information in each box below 

First name, middle initial, last name Tossapol Moonmanee 
 

Email address – this is where your proofs will be sent Tossapol.m@cmu.ac.th 
 

Secondary Email address  Tossapol_kku@hotmail.com 
 

Address 239 Department of Animal and Aquatic Sciences, Faculty of 
Agriculture, Chiang Mai University, Chiang Mai 50200, Thailand 
 

Cell phone number +66 9471 5000 7 
 

Office phone number  +66 5394 4070-74 ext. 129 
 

Fax number +66 5335 7601 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

ACCEPTED



  

3 

 

Abstract 1 

Antral follicle count (AFC) is considered a useful non-invasive method for providing valuable insights into a 2 

female’s ovarian reserve. However, the influence of AFC and corpora lutea (CL) at the time of exogenous 3 

hormonal trigger (synchronization) on ovarian response to stimulation and fertility in goats remains unclear. 4 

This research aims to explore the impacts of different AFC and CL presence at the onset of hormonal 5 

synchronization (on Day 0) for fixed-time artificial insemination (fixed-time AI) on response to hormonal 6 

stimulation and fertility in Boer does. On Day 0, a transrectal ultrasound was performed to detect all visible 7 

antral follicle (AF; ≥2 mm) and CL. Based on AFC and CL, 128 does were divided into four groups in a 2 × 2 8 

factorial trial (AFC I [≤3 follicles], AFC II [>3 follicles], with CL [CL+], and without CL [CL–]): groups I 9 

(AFC I × CL+), II (AFC I × CL–), III (AFC II × CL+), and IV (AFC II × CL–). On Day 7, does were 10 

inseminated with cervical AI using the first dose of frozen thawed semen. On Day 7, there was no interaction 11 

between AFC and CL on all parameters of ovarian follicles. The follicle and reproductive parameters and 12 

ovarian responsive rate did not differ between CL+ and CL– does. Does with AFC >3 follicles had a greater 13 

number of large AF (>4 mm) and ovarian increased the responsive rate than does having AFC ≤3 follicles on 14 

their ovaries. The multiple kidding (twin kidding and triplet kidding) rate and fertility were superior for does 15 

having AFC >3 follicles than does having AFC ≤3 follicles at the beginning of hormonal synchronization for 16 

fixed-time AI. Moreover, the likelihood of ovarian response to synchronization and multiple kidding increased 17 

by 3.03 and 4.09 times, respectively, in does with a greater total number of AF (AFC >3 follicles) at the time of 18 

exogenous hormonal synchronization. Higher ovarian responses to stimulation and fertility are demonstrated by 19 

the previous appearance of more AFC available for selection into the ovulatory pool in poly-ovulatory does 20 

when performing hormonal synchronization for fixed-time AI. 21 

 22 

Keywords: Goat, Litter size, Multiple kidding rate, Oocyte-containing follicles 23 

 24 

INTRODUCTION 25 

The number of oocyte-containing follicles is the key to successful assisted reproductive technologies (ARTs) in 26 

domestic animals [1,2]. Despite a worldwide increase in the application of ARTs, the amount of healthy follicle 27 

reserves on the ovaries remains a limiting factor to ARTs success in domestic animals [3]. Antral follicle count 28 
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(AFC), obtained using high resolution transrectal ultrasonography, refers to the total amount of antral follicles 29 

(AF; follicle population) present in an ovary at a specific time [4,5]. During the natural ovarian cycle, AFC 30 

in mono-ovulatory large ruminants is consistent throughout their estrous cycle, and cattle with a greater AFC 31 

have improved pregnancy outcomes [6]. As compared to mono-ovulatory cattle, poly-ovulatory ruminant 32 

species such as sheep and goats can potentially ovulate more than one follicle per ovarian cycle. In poly-33 

ovulatory small ruminants, fertility (prolificacy) is intimately correlated to the condition of the follicle 34 

population in ovaries, ovarian follicular development, and ovulation rate [7]. In goat production, producers have 35 

an intense interest in increased productive efficiency that affects their farm profit; therefore, it is very important 36 

to attend goat fertility (an economically important trait) [8]. Due to the utilization of an economically important 37 

trait for genetic improvement of livestock production, more research is needed to considerably investigate the 38 

association between the ovarian follicular reserve (remaining oocyte supply) and reproductive potential in 39 

species with low ovulation performance, including sheep and cattle [9,10]. To investigate this point, information 40 

regarding the involvement of AFC available for selection into the ovulatory pool in poly-ovulatory species is 41 

needed. Despite the wide use of AFC as a biomarker for identifying fertility potential in mono-ovulatory 42 

animals, there is so little information on the association between AFC and fertility potential in poly-ovulatory 43 

small ruminants, including goats. Until now, the influence of different AFC at the onset of synchronization 44 

(exogenous hormonal trigger) on ovarian response to stimulation and fertility potential has not been explored in 45 

goats. Thus, understanding ovarian biology in sheep and goats is an important component in manipulating 46 

ovarian functions in poly-ovulatory small ruminants, and a better body of knowledge about follicular 47 

development is crucial to increasing used ARTs in small ruminant herds [11,12]. Taking all of these 48 

observations into consideration, we hypothesized that different numbers of AF and presence of CL at the onset 49 

of synchronization would lead to different follicular responses to stimulation and fertility potential in goats 50 

following the fixed-time artificial insemination (fixed-time AI) program. The present research was planned with 51 

the objective of evaluating the effects of different numbers of AF and the presence of CL at the onset of 52 

hormonal synchronization for fixed-time AI on ovarian response to stimulation and fertility potential in 53 

primiparous Boer does. 54 

 55 

 56 

 57 
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MATERIALS AND METHODS 58 

Ethical clearance 59 

The Animal Care and Use for Science and Technology Research of Maejo University ( MACUC019A/2564) 60 

approved experiment protocol. 61 

 62 

Experimental animals, housing, feeding, and site 63 

The research was conducted using 128 primiparous, non-pregnant crossbred does (local × Boer) with an average 64 

age of 19.3 ± 3.4 months (mean ± standard deviation [SD]) and body condition score (BCS) of 2.5 ± 0.8 (mean 65 

± SD). Does were reared in a semi-intensive management and fed a diet consisting fresh-cut ruzi grass 66 

(Brachiaria ruziziensis) and commercial concentrate (18% crude protein). Fresh drinking water and mineral 67 

licks were provided to goats throughout the study period. The study was carried out at goat farms in Ching Mai 68 

province, Thailand (latitude 18°36′36′′N, longitude 98°53′ 7′′E, and altitude 300 m), which was conducted over 69 

the summer season of March to May 2022. 70 

 71 

Ultrasonographic assessment and experimental animal groups 72 

At the initiation of hormonal synchronization for ovulation and fixed-time AI (on Day 0; Fig. 1), 128 does were 73 

evaluated by high-frequency (7.5 MHz) transrectal ultrasound with a linear-array transducer (HS-1600V, Honda 74 

Electronics, Japan) to detect all visible AF (≥2 mm in diameter) [9,13] and corpora lutea (CL) on both ovaries.  75 

Antral follicles on both ovaries were counted to generate AFC. The reproductive conditions of the does are in 76 

luteal status (presence of CL; n = 21) and follicular status (absence of CL; n = 107). Based on two factors (AFC 77 

[AFC I and AFC II] and CL [with CL and without CL]), 128 does were divided into four groups in a 2 × 2 78 

factorial arrangement. Group I (AFC I × CL+; n = 10) included does having AFC ≤3 follicles (1–3 follicles; 79 

AFC I) and with CL (CL+). Group II (AFC I × CL–; n = 61) included does having AFC ≤3 follicles (1–3 80 

follicles; AFC I) and without CL (CL–). Group III (AFC II × CL+; n = 11) comprised does having AFC >3 81 

follicles (4–9 follicles; AFC II) and with CL (CL+). Group IV (AFC II × CL–; n = 46) comprised does having 82 

AFC >3 follicles (4–9 follicles; AFC II) and without CL (CL–). At each examination, the relative location and 83 

follicular characteristics (number and diameter) of detected ovarian AF in both ovaries were recorded and 84 

sketched on ovarian charts. Based on the follicular diameter, the AF were classed as small-sized (2–4 mm) or 85 

large-sized (>4 mm) [14]. 86 
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Hormonal synchronization for ovulation and subsequent fixed-time AI 87 

At the beginning of synchronization protocol (on Day 0; Fig. 1), does were inserted with progesterone (P4)-88 

releasing an intravaginal device (CIDR; 300 mg of P4, Eazi-Breed® , Zoetis Ins., New Zealand). At P4-device 89 

withdrawal on Day 5, all does received intramuscular administrations of prostaglandin F2 alpha (PGF2α; 0.25 mg 90 

of cloprostenol, Estrumate® , MSD Animal Health, New Zealand) and equine chorionic gonadotrophin (eCG; 91 

400 IU, Folligon® , MSD Animal Health, New Zealand). On Day 7, does were administered with gonadotropin-92 

releasing hormone (GnRH; 0.01 mg of Buserelin acetate, Receptal® , MSD Animal Health, New Zealand) and 93 

were inseminated with cervical AI using the first dose of frozen thawed semen. All does were inseminated a 94 

second time 24 h later (on Day 8). The straw semen (0.25 mL) contained 200 × 106 spermatozoa/0.25 mL straw.  95 

 96 

Ovarian follicular response to hormonal induction 97 

On Day 7 (Fig. 1), all does were scanned by a transrectal ultrasound to detect all visible AF (≥2 mm) on both 98 

ovaries. Antral follicles were classified, based on diameter, as small AF (2–4 mm) or large AF (>4 mm) [14]. 99 

Ovarian response to successful hormonal induction in the does was indicated by the emergence of the large 100 

preovulatory follicles (POFs) (>4 mm) on their ovaries after the end of the hormonal synchronization period 101 

[14,15]. Responsive rate (%) computed as the percentage of does that emerged large POFs (>4 mm) on Day 7 102 

divided by the number of experimental does. In addition, the 128 does were sub-classified, based on ovarian 103 

response to hormonal stimulation, into two groups: ovarian responsive does (n = 107) and ovarian non-104 

responsive does (n = 21). 105 

 106 

Pregnancy diagnosis 107 

All does were evaluated by transrectal ultrasonography to diagnose their pregnancy status by scanning the 108 

uterine contents at 30 days after fixed-time AI. Pregnancy was identified by the presence of an amniotic vesicle 109 

containing an embryo. 110 

 111 

Reproductive parameters 112 

The pregnancy rate was computed as the percentage of animals pregnant divided by the total number of 113 

experimental animals. The kidding rate was computed as the percentage of females having birth divided by the 114 

number of pregnant females. Single, twin, triplet, and multiple kidding rates were determined as the percentage 115 
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of does having a single kid, twin, triplet, or multiple kids divided by the number of does having birth. In 116 

addition, fertility (prolificacy) was the number of kids born per does that kidded [16]. 117 

 118 

Statistical analyses 119 

Analysis of all data was performed in SAS OnDemand for Academics (SAS Institute, Cary, NC). The class 120 

variables of the statistical model were the different number of AF and the different status of CL on Day 0 and 121 

the emergence of large POFs on Day 7. The covariates of the model were BCS and age; however, BCS and age 122 

prior to start the study had no effect (p > 0.0500) on number and diameter of AF and fertility. A 2 × 2 factorial 123 

analysis was used to consider the effect of AFC types, CL presence, and their interaction on number and 124 

diameter of AF on Days 0 and 7 and fertility. Regardless of AFC and CL groups, the differences in number and 125 

diameter of AF on Days 0 and 7 and fertility between ovarian responsive and non-responsive does were 126 

estimated using Student’ s t-test. Continuous values (number and diameter of AF and litter size) were 127 

represented mean ± standard error of the mean (SEM). The differences in ovarian responsive, pregnancy, 128 

kidding, single kidding, twin kidding, triplet kidding, and multiple kidding rates among groups were estimated 129 

using Chi-square test. Logistic regression methodology, which generated estimates of odds ratios (OR) and 95% 130 

confidence intervals (CI), was used to assess the ovarian-important factors (number and diameter of AF and CL 131 

appearance) at the onset of the hormonal synchronization for ovulation and fixed-time AI (on Day 0) and the 132 

likelihoods of ovarian response to hormonal stimulation and multiple kidding occurrences.  Significance was 133 

stated when p ≤ 0.0500. 134 

 135 

RESULTS 136 

The influence of AFC and CL at the time of synchronization on follicle population and ovarian response 137 

to stimulation 138 

At the time of synchronization (on Day 0), no effect of AFC × CL interaction (p > 0.0500) was observed for all 139 

parameters of ovarian AF (Table 1). In the main factor, does having AFC >3 follicles (AFC II) had a greater 140 

number of small AF (p = 0.0001) and a total number of AF (p = 0.0001) on Day 0 than those in does having 141 

AFC ≤3 follicles (AFC I) on their ovaries (Table 1). Does in AFC II (AFC >3 follicles) had, on average, the 142 

larger size of the largest AF (p = 0.0206) than does with AFC ≤3 follicles (AFC I) on their ovaries (Table 1). 143 

The number of large AF and diameter of AF were similar (p = 0.3689 and p = 0.1181, respectively) between 144 
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AFC I and AFC II does (Table 1). Besides, does with CL (CL+) on Day 0 had a larger (p = 0.0422) population 145 

of small AF compared with does without CL (CL–) on their ovaries (Table 1). Does in CL– had, on average, 146 

larger diameters of AF (p = 0.0005) and the largest AF (p = 0.0001) than does having CL (CL+) (Table 1). The 147 

number of large AF (p = 0.6741) and the total number of AF (p = 0.9949) were unaffected by CL status (Table 148 

1).  149 

At the time of fixed-time AI (on Day 7), no effect of AFC × CL interaction (p > 0.0500) was observed for 150 

all parameters of ovarian AF (Table 1). In the main factor, does having AFC >3 follicles (AFC II) on Day 0 151 

showed a significantly increased (p = 0.0001) population of small AF on Day 7 (Table 1). The large AF and the 152 

total population of AF on the day of fixed-time AI were greater (p = 0.0217 and p = 0.0001, respectively) in 153 

does having AFC >3 follicles (group II) than in does having AFC ≤3 follicles (group I) on Day 0 (Table 1). On 154 

Day 7, there were no differences in the diameters of AF (p = 0.0639) and the largest AF (p = 0.7973) between 155 

does in AFC I (AFC ≤3 follicles) and AFC II (AFC >3 follicles) (Table 1). Moreover, no CL status on Day 0 156 

was affected (p > 0.0500) on all parameters of ovarian AF at the time of fixed-time AI (Table 1).  157 

 158 

The influence of AFC and CL at the time of synchronization on ovarian response to stimulation 159 

Based on the emergence of the large POFs (>4 mm) on Day 7, the responsive rate was higher (p = 0.0370) in 160 

does having AFC >3 follicles (AFC II) at the time of synchronization than in does having AFC ≤3 follicles 161 

(AFC I) on their ovaries (91.23% vs. 77.46%; Fig. 2). In the CL group, the ovarian responsive rate did not differ 162 

(p = 0.7750) between CL+ (85.71%) and CL– (83.18%) does (Fig. 2). Moreover, a comparison of the ovarian 163 

responsive rate among does in group I (AFC I × CL+; 80.00%), II (AFC I × CL–; 77.05%), III (AFC II × CL+; 164 

90.91%), and IV (AFC II × CL–; 91.30%) did not statistically significant difference (p > 0.0500; Fig. 2). 165 

 166 

Follicle population at the time of synchronization and at the time of fixed-time AI in ovarian responsive 167 

and non-responsive does  168 

Regardless of AFC and CL groups, ovarian responsive does had a greater number of small AF (p = 0.0078) and 169 

a total number of AF (p = 0.0009) at the time of synchronization (on Day 0) than those in non-responsive does 170 

(Table 2). The number of large AF (p = 0.6729) and sizes of AF (p = 0.4161) and the largest AF (p = 0.8491) on 171 

Day 0 did not differ between responsive and non-responsive groups (Table 2). 172 
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Regardless of AFC and CL groups, responsive does had a greater total number of AF (p = 0.0001), and a 173 

greater size of AF (p = 0.0001) and the largest AF (p = 0.0001) on Day 7 than non-responsive does (Table 2). 174 

On Day 7, compared with the responsive group, non-responsive does showed a greater (p = 0.0087) number of 175 

small AF (Table 2). 176 

 177 

The influence of AFC and CL at the time of synchronization on reproductive parameters and fertility 178 

In the AFC group, the pregnancy rate of AFC I group (30.99%) was similar to that of the AFC II group 179 

(33.33%) (p = 0.7780; Fig. 3A). In the CL group, the pregnancy rate of CL+ does (33.33%) was similar to that 180 

of CL– does (31.78%) (p = 0.8890; Fig. 3A). Moreover, the pregnancy rate was also similar to that of does in 181 

group I (AFC I × CL+; 30.00%), II (AFC I × CL–; 31.15%), III (AFC II × CL+; 36.36%), and IV (AFC II × 182 

CL–; 32.61%) (p > 0.0500; Fig. 3A). 183 

In the AFC group, the kidding rate did not differ (p = 0.2130) between the AFC I (81.82%) and AFC II 184 

(94.74%) groups (Fig. 3B). In the CL group, the kidding rate did not differ (p = 0.8550) between CL+ (85.71%) 185 

and CL– (88.24%) does (Fig. 3B). Moreover, the kidding rate was similar (p > 0.0500) among does in group I 186 

(AFC I × CL+; 66.67%), II (AFC I × CL–; 84.21%), III (AFC II × CL+; 100.00%), and IV (AFC II × CL–; 187 

93.33%) (Fig. 3B). 188 

Interestingly, does with AFC ≤3 follicles (AFC I) at the time of synchronization (on Day 0) had a higher 189 

single kidding rate (p = 0.0470; Fig. 2C) than does with AFC >3 follicles (AFC II) on their ovaries (72.22% vs. 190 

38.89%; Fig. 3C). In the CL group, the single kidding rate did not differ (p = 0.2370) between CL+ (33.33%) 191 

and CL– (60.00%) does (Fig. 3C). Moreover, the does in group I (AFC I × CL+; 50.00%), II (AFC I × CL–; 192 

75.00%), III (AFC II × CL+; 25.00%), and IV (AFC II × CL–; 42.86%) (Fig. 3C) had a similar single kidding 193 

rate (p > 0.0500). 194 

In the AFC group, the twin kidding rate did not differ (p = 0.3050) between the AFC I (27.78%) and AFC 195 

II (44.44%) groups (Fig. 3D). In the CL group, the twin kidding rate did not differ (p = 0.4440) between CL+ 196 

(50.00%) and CL– (33.33%) does (Fig. 3D). Moreover, the twin kidding rate (p > 0.0500) was similar among 197 

does in group I (AFC I × CL+; 50.00%), II (AFC I × CL–; 25.00%), III (AFC II × CL+; 50.00%), and IV (AFC 198 

II × CL–; 42.86%) (Fig. 3D). 199 

In the AFC group, the triplet kidding rate did not differ (p = 0.0740) between the AFC I (0.00%) and AFC 200 

II (16.67%) groups (Fig. 3E). In the CL group, CL presence (CL+) and CL absence (CL–) did not significantly 201 
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affect (p = 0.4250) the triplet kidding rate (16.67% vs. 6.67%, respectively; Fig. 3E). Likewise, we found no 202 

effect (p > 0.0500) of factor combination on the triplet kidding rate of does in group I (AFC I × CL+; 0.00%) 203 

and IV (AFC II × CL–; 14.29%) (Fig. 3E). However, does in group III (AFC II × CL+; 25.00%) had a higher 204 

triplet kidding rate (p = 0.0460) than does in group II (AFC I × CL–; 0.00%) (Fig. 3E). 205 

Interestingly, compared to does with AFC ≤3 follicles (AFC I), does with AFC >3 follicles (AFC II) at the 206 

time of synchronization (on Day 0) showed significantly (p = 0.0470) increased multiple kidding rate (61.11% 207 

vs. 27.78%; Fig. 3F). In the CL group, the multiple kidding rate did not differ (p = 0.2370) between CL+ 208 

(66.67%) and CL– (40.00%) does (Fig. 3F). Moreover, no difference in the multiple kidding rate (p > 0.0500) 209 

was detected among does in group I (AFC I × CL+; 50.00%), II (AFC I × CL–; 25.00%), III (AFC II × CL+; 210 

75.00%), and IV (AFC II × CL–; 57.14%) (Fig. 3F). 211 

Additionally, does with AFC >3 follicles (AFC II) at the time of synchronization (on Day 0) had a greater 212 

fertility (p = 0.0217) than does with AFC ≤3 follicles (AFC I) on their ovaries (1.78 ± 0.17 kids vs. 1.28 ± 0.11 213 

kids; Fig. 3G). In the CL group, fertility did not differ (p = 0.1964) between CL+ (1.83 ± 0.31 kids) and CL– 214 

(1.47 ± 0.11 kids) does (Fig. 3G). Fertility was not different (p > 0.0500) among does in group I (AFC I × CL+; 215 

1.50 ± 0.50 kids), II (AFC I × CL–; 1.25 ± 0.11 kids), III (AFC II × CL+; 2.00 ± 0.41 kids), and IV (AFC II × 216 

CL–; 1.71 ± 0.19 kids) (Fig. 3G). 217 

 218 

Important factors of follicular characteristics and CL presence at the time of synchronization 219 

contributing to follicular response and multiple kidding rate  220 

Interestingly, the likelihood of follicular response to hormonal synchronization in does was higher (OR = 3.03, p 221 

= 0.0370) with greater AFC at the time of synchronization (on Day 0) (Table 3). The presence of CL (OR = 222 

0.82, p = 0.7750), numbers of small AF (OR = 2.55, p = 0.0670) and large AF (OR = 0.86, p = 0.8060), and 223 

diameters of AF (OR = 0.54, p = 0.2050) and the largest AF (OR = 1.36, p = 0.5250) at the time of 224 

synchronization were not associated with ovarian response to hormonal synchronization (Table 3). 225 

Moreover, the multiple kidding rate in does was higher (OR = 4.09, p = 0.0470) among does with greater 226 

AFC on Day 0 (Table 4). The presence of CL (OR = 0.33, p = 0.2370), numbers of small AF (OR = 1.86, p = 227 

0.3710) and large AF (OR = 4.09, p = 0.1140), and diameters of AF (OR = 0.54, p = 0.3710) and the largest AF 228 

(OR = 1.11, p = 0.8800) at the time of synchronization stimulation were not associated with multiple kidding 229 

rate (Table 4).  230 
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DISCUSSION 231 

In the current study, the impacts of AFC and CL presence on ovarian response to hormonal stimulation and 232 

fertility potential were discovered in inseminated does. To the best of our ability, the present research is the first 233 

to explore whether the different number of AF (≥2 mm) at the time of synchronization reflects the oocyte-234 

containing follicle supply related to production of multiple large-sized follicles after hormonal synchronization, 235 

and the subsequent enhancement of fertility (litter size) in primiparous does. The likelihood of ovarian response 236 

to synchronization increased by 3.03 times in does with a greater total number of AF (AFC >3 follicles) at the 237 

time of synchronization. However, it should be noted that the presence (luteal status) or absence (follicular 238 

status) of ovarian CL at the time of synchronization did not affect the results of ovarian follicular response to 239 

hormonal stimulation. In ruminants, increased ovarian reserve due to genetic selection has been reported to 240 

contribute to increased reproductive capacity, which AFC (direct evaluation) and blood level of anti-Müllerian 241 

hormone (indirect evaluation) have been extensively investigated as phenotypic biomarkers of ovarian reserve 242 

[17,18]. Although the evaluation of AFC has been offered as a tool for indicating better ovarian reserve in 243 

mono-ovulatory large ruminants, studies regarding the application of AFC for evaluating ovarian response to 244 

hormonal synchronization and fertility potential in does are limited. In the current study, the assessment of 245 

ovarian AF population and counting number of ovarian AF as AFC at the time of synchronization are valuable 246 

as an alternative indicator for the prediction of ovarian response to stimulation and fertility in inseminated does. 247 

Responsive does to hormonal stimulation also had a greater population of ovarian AF at the time of 248 

synchronization than non-responsive does. Similar to our findings, other studies emphasize that high AFC is an 249 

important indicator to select the sheep with high genetic merit for predictable potential of high ovarian response 250 

to hormonal stimulation [19]. The numerically greater population of AF at the onset of the hormonal 251 

synchronization and subsequent higher population of large AF at the onset of fixed-time AI were as expected. 252 

To explore the possible importance of oocyte-containing follicles in identifying the potential of high responder 253 

donor goats, a cohort of small AF was synchronized, and it became clear that the population of small AF was 254 

positively associated with the superovulatory response [14]. With respect to ewes, a greater number of ovarian 255 

AF at the beginning of hormonal administrations can influence directly in the response to multiple ovulation 256 

stimulations [20]. Together, these data emphasize the importance of synchronizing a pool of emerging AF (≥2 257 

mm) in does and ewes when performing multiple ovulation stimulations [14,20]. Under the exogenous hormonal 258 

control of preovulatory wave emergence and AI in goats, the follicular reserve status prior to starting synthetic 259 
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P4 trigger is also very important [21,22]. On the day of exogenous hormonal administration (synchronization), 260 

the use of synthetic P4 can promote the destruction of previous dominant follicles (DFs) [22] and subsequently a 261 

cohort of AF (2–3 mm) emerges that continues directly to grow and differentiate to become a single or multiple 262 

POF [22-24]. This suggests AF emerging or growing from a pool of growing AF on ovaries, which highlights 263 

the importance of AFC (≥2 mm) at the time of synchronization. In the present study, compared with does having 264 

AFC ≤3 follicles (1.69 ± 0.09 follicles), does having AFC >3 follicles (≥2 mm) with 4.02 ± 0.19 follicles of 265 

small AF (2–4 mm) at the time of synchronization produced greater large AF (>4 mm) (2.06 ± 0.13 follicles) on 266 

Day 7. Supporting the current study, previous research has revealed that the appearance of a greater population 267 

of co-DFs (the presence of two or more large AF in each follicular wave) in poly-ovulatory goats resulted in the 268 

population of small AF being counted, as more gonadotrophin-responsive AF within a cohort of small AF 269 

tended to proceed to large sizes [25]. In fact, the population of co-DFs in the ovulatory follicular wave is usually 270 

associated with the number of ovulations in poly-ovulatory goats [25]. Synchronized ovulatory does had 271 

increased the number of co-DFs at the time of finishing the hormonal stimulation compared with non-272 

synchronized does [26]. Moreover, the number of small AF is a mechanism in regulating the number of ovulated 273 

oocyte-containing follicles and in contributing the ovulation rate and timing of ovulation in does [27]. Thus, it is 274 

quite possible that AFC at the time of synchronization is closely related to the population of future large AF and 275 

subsequently increased the number of ovulations in poly-ovulatory goats. 276 

Interestingly, does having AFC >3 follicles (≥2 mm) at the time of synchronization produced greater large 277 

AF and greater fertility (1.78 ± 0.17 kids) as compared to does having AFC ≤3 follicles (1.28 ± 0.11 kids) 278 

submitted to fixed-time AI. The likelihood of multiple kidding increased by 4.09 times in does with a greater 279 

total number of AF (AFC >3 follicles) at the time of synchronization. This implies that AFC at the time of 280 

synchronization is closely related to the fertility potential in poly-ovulatory goats. Typically, a greater number of 281 

ovulations results in an increase in the litter size (fertility) in sheep and goats [28]. Although the ovulation of 282 

large AF was not assessed in the current trial, we suppose, based on earlier findings, that the incidence of high-283 

ovulation rate in high-fecundity sheep is a raised dynamic reserve, resulting in a greater population of AF usable 284 

for selection into the ovulatory pool [29-31]. As stated above, our results support the results of previous 285 

investigators who have indicated that greater ovulation numbers and fertility (litter size) in poly-ovulatory ewes 286 

are demonstrated by the previous appearance of more massive AF on their ovaries [32]. In goat models, the 287 

presence of more AF per ovarian tissue and differential expression of intra-ovarian factors may be potential 288 

ACCEPTED



  

13 

 

regulators of greater fertility in does [33]. In order to understand the underlying importance population of AF 289 

prior to hormonal trigger, melatonin was implanted into goats prior to the onset of the P4-eCG protocol, and it 290 

was found that a rise in the populations of AF (2–<5 mm) tended to be maximum numbers at the time of 291 

exogenous P4 synchronization, which resulted in an increase in fertility [34]. Together, our findings imply that 292 

does having AFC >3 follicles at the time of synchronization develop a greater population of larger AF, 293 

suggesting an increase in the development of multiple POFs after completion of the hormonal stimulation 294 

period, and promotion of an increased litter size when performing hormonal synchronization for fixed-time AI. 295 

 296 

CONCLUSION 297 

A greater number of AF (AFC >3 follicles) at the time of synchronization can promote not only ovarian 298 

response to hormonal stimulation but also fertility in primiparous does following the fixed-time AI program. In 299 

the end, ultrasonographic evaluation of AFC is an easy-to-achieve procedure and AFC at the time of 300 

synchronization had the potential to be used as an alternative indicator for the prediction of ovarian response to 301 

hormonal synchronization and fertility in inseminated does.  302 

 303 

304 
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Tables and Figures 405 

Table 1. The data (mean ± SEM) of the numbers of small AF and large AF, total number of AF, and diameters of AF and the largest AF at the time of exogenous 406 

hormonal trigger (synchronization) and at the time of fixed-time AI in does having AFC ≤3 follicles (AFC I) and with CL (CL+) (Group I), AFC ≤3 follicles (AFC II) and 407 

without CL (CL–) (Group II), AFC >3 follicles (AFC II) and with CL (CL+) (Group III), and AFC >3 follicles (AFC II) and without CL (CL–) (Group IV) on their 408 

ovaries (n = 128).     409 

Items 
 

Factor combination 
 

Main factor 3) 
 

p-value 4) 

  
 

Animal group 
 

AFC CL 
    

  
 

Group I 

(AFC I × CL+) 

Group II 

(AFC I × CL–) 

Group III 

(AFC II × CL+) 

Group IV 

(AFC II × CL–) 

 
AFC I 

(≤3 follicles) 

AFC II 

(>3 follicles) 

With CL 

(CL+) 

Without CL 

(CL–) 

 
AFC CL AFC × 

CL 

Experimental does (n) 
 

10 61 11 46 
 

71 57 21 107 
 

– – – 

On Day 0 1)   
              

Number of small AF (2–4 mm) (follicle) 
 

2.33 ± 0.17 1.73 ± 0.09 4.09 ± 0.16 4.00 ± 0.24 
 

1.82 ± 0.08 b 4.02 ± 0.19 a 3.30 ± 0.23 a 2.74 ± 0.16 b  
 

0.0001 0.0422 1.0000 

Number of large AF (>4 mm) (follicle) 
 

1.50 ± 0.50 1.29 ± 0.09 1.50 ± 0.50 1.48 ± 0.13 
 

1.31 ± 0.09 1.44 ± 0.12 1.50 ± 0.29 1.38 ± 0.08 
 

0.3689 0.6741 0.8345 

Total number of AF (≥2 mm) (follicle) 
 

2.40 ± 0.16 2.31 ± 0.06 4.36 ± 0.15 4.91 ± 0.19 
 

2.32 ± 0.06 b 4.81 ± 0.16 a 3.43 ± 0.24 3.43 ± 0.15 
 

0.0001 0.9949 0.0615 

Diameter of AF (mm) 
 

2.99 ± 0.22 3.61 ± 0.09 2.99 ± 0.10 3.43 ± 0.07 
 

3.52 ± 0.09 3.34 ± 0.06 2.99 ± 0.12 b 3.53 ± 0.06 a 
 

0.1181 0.0005 1.0000 

Diameter of the largest AF (mm) 
 

3.37 ± 0.21 4.21 ± 0.12 3.73 ± 0.22 4.62 ± 0.12 
 

4.09 ± 0.11 b 4.45 ± 0.12 a 3.56 ± 0.15 b 4.39 ± 0.09 a 
 

0.0206 0.0001 0.2316 

On Day 7 2) 
           

      

Number of small AF (2–4 mm) (follicle) 
 

1.43 ± 0.20 1.42 ± 0.09 2.00 ± 0.42 2.24 ± 0.17 
 

1.39 ± 0.08 b 2.20 ± 0.16 a 1.73 ± 0.25 1.84 ± 0.11 
 

0.0001 0.6701 0.5756 

Number of large AF (>4 mm) (follicle) 
 

1.50 ± 0.19 1.72 ± 0.10 2.10 ± 0.31 2.05 ± 0.14  
 

1.69 ± 0.09 b 2.06 ± 0.13 a 1.83 ± 0.24 1.88 ± 0.09 
 

0.0217 0.8381 0.4782 

Total number of AF (≥2 mm) (follicle) 
 

2.20 ± 0.13 2.16 ± 0.06 3.36 ± 0.24 3.59 ± 0.18 
 

2.17 ± 0.06 b 3.54 ± 0.15 a 2.81 ± 0.19 2.78 ± 0.11 
 

0.0001 0.8679 0.4401 

Diameter of AF (mm) 
 

4.42 ± 0.36 4.65 ± 0.16 4.54 ± 0.28 4.21 ± 0.10 
 

4.62 ± 0.15 4.27 ± 0.10 4.48 ± 0.22 4.46 ± 0.10 
 

0.0639 0.9327 0.2580 

Diameter of the largest AF (mm) 
 

5.41 ± 0.41 5.39 ± 0.20 5.64 ± 0.42 5.41 ± 0.15 
 

5.39 ± 0.18 5.45 ± 0.14 5.53 ± 0.29 5.40 ± 0.13 
 

0.7973 0.6867 0.7659 

AF, antral follicles; AFC, antral follicle count; CL, corpora lutea.  410 
1) Day of the initiation of hormonal synchronization for ovulation and fixed-time AI.  411 
2) Day of the fixed-time AI. 412 
3) Values with different superscript letters (a,b) denote significant differences between the sub-groups of each main factor. 413 
4) Differences were considered statistically significant at p ≤ 0.0500. 414 
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Table 2. The data (mean ± SEM) of the numbers of small AF and large AF, total number of AF, and diameters 415 

of AF and the largest AF at the time of exogenous hormonal trigger (synchronization) and at the time of fixed-416 

time AI in ovarian responsive and non-responsive does (n = 128). 417 

    Item Ovarian responsive group p-value 3) 

Responsive does Non-responsive does  

Experimental does (n) 107 21 – 

On Day 0 1)   
   

Number of small AF (2–4 mm) (follicle) 2.95 ± 0.16 2.21 ± 0.21 0.0078 

Number of large AF (>4 mm) (follicle) 1.36 ± 0.08 1.44 ± 0.18 0.6729 

Total number of AF (≥2 mm) (follicle) 3.59 ± 0.15 2.62 ± 0.22 0.0009 

Diameter of AF (mm) 3.42 ± 0.06 3.55 ± 0.14 0.4161 

Diameter of the largest AF (mm) 4.24 ± 0.09 4.29 ± 0.22 0.8491 

On Day 7 2) 
   

Number of small AF (2–4 mm) (follicle) 1.71 ± 0.12 2.19 ± 0.13 0.0087 

Number of large AF (>4 mm) (follicle) 1.87 ± 0.08 – – 

Total number of AF (≥2 mm) (follicle) 2.90 ± 0.11 2.19 ± 0.13 0.0001 

Diameter of AF (mm) 4.73 ± 0.09 3.11 ± 0.10 0.0001 

Diameter of the largest AF (mm) 5.80 ± 0.10 3.48 ± 0.12 0.0001 

AF, antral follicles. 418 

1) Day of the initiation of hormonal synchronization for ovulation and fixed-time AI. 419 

2) Day of the fixed-time AI. 420 

3) Differences were considered statistically significant at p ≤ 0.0500. 421 

 422 

 423 

 424 

   425 

 426 

 427 

 428 
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Table 3. The OR and CI for the important factors of follicular characteristics at the time of exogenous hormonal trigger (synchronization) (on Day 0) contributing to 429 

ovarian response in does submitted to the fixed-time AI (n = 128).  430 

Variable Probability of ovarian response to hormonal stimulation p-value 1) 

Responsive 

does (n) 

Non-responsive 

does (n) 

Responsive rate 

(%) 

OR 95% CI 

AFC on Day 0              

AFC I (≤3 follicles) 55 16 77.46 Referent     

AFC II (>3 follicles) 52 5 91.23 3.03 1.07–8.58 0.0370 

CL on Day 0       

With CL (CL+) 18 3 85.71 Referent   

Without CL (CL–) 89 18 83.18 0.82 0.22–3.11 0.7750 

Number of small AF (2–4 mm) (follicle) on Day 0 (median = 2 follicles)             

≤2 follicles 53 15 77.94 Referent     

>2 follicles 54 6 90 2.55 0.94–6.93 0.0670 

Number of large AF (>4 mm) (follicle) on Day 0 (median = 1 follicle)             

≤1 follicle 89 17 83.96 Referent     

>1 follicle 18 4 81.82 0.86 0.26–2.87 0.8060 

Diameter of AF (mm) on Day 0 (median = 3.36 mm)             

≤3.36 mm 57 8 87.69 Referent     

>3.36 mm 50 13 79.37 0.54 0.21–1.40 0.2050 

Diameter of the largest AF (mm) on Day 0 (median = 4.18 mm)             

≤4.18 mm 53 12 81.54 Referent     

>4.18 mm 54 9 85.71 1.36 0.53–3.50 0.5250 

AF, antral follicles; AFC, antral follicle count; CI, confidence intervals; OR, odds ratio. 431 

1) Differences were considered statistically significant at p ≤ 0.0500.  432 
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Table 4. The OR and CI for the important factors of follicular characteristics at the time of exogenous hormonal trigger (synchronization) (on Day 0) contributing to 433 

multiple kidding rate in does submitted to the fixed-time AI (n = 36).  434 

Variable Probability of multiple kidding p-value 1) 

Multiple 

kidding does  

(n) 

Non-multiple 

kidding does 

(n) 

Multiple 

kidding rate 

(%) 

OR 95% CI 

AFC on Day 0              

AFC I (≤3 follicles) 5 13 27.78 Referent     

AFC II (>3 follicles) 11 7 61.11 4.09 1.02–16.41 0.0470 

CL on Day 0       

With CL (CL+) 4 2 66.67 Referent   

Without CL (CL–) 12 18 40.00 0.33 0.05–2.06 0.2370 

Number of small AF (2–4 mm) (follicle) on Day 0 (median = 2 follicles)             

≤2 follicles 8 13 38.1 Referent     

>2 follicles 8 7 53.33 1.86 0.48–7.21 0.3710 

Number of large AF (>4 mm) (follicle) on Day 0 (median = 1 follicle)             

≤1 follicle 11 18 37.93 Referent     

>1 follicle 5 2 71.43 4.09 0.71–23.53 0.1140 

Diameter of AF (mm) on Day 0 (median = 3.36 mm)             

≤3.36 mm 8 7 53.33 Referent     

>3.36 mm 8 13 38.1 0.54 0.14–2.09 0.3710 

Diameter of the largest AF (mm) on Day 0 (median = 4.18 mm)             

≤4.18 mm 6 8 42.86 Referent     

>4.18 mm 10 12 45.45 1.11 0.28–4.37 0.8800 

AF, antral follicles; AFC, antral follicle count; CI, confidence intervals; OR, odds ratio. 435 

1) Differences were considered statistically significant at p ≤ 0.0500.436 
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 437 

Fig. 1. Study design with respect to the different number of AFC and CL status at the time of exogenous hormonal 438 

trigger (synchronization) (on Day 0) in does submitted the hormonal synchronization for ovulation and fixed-time 439 

AI. AFC, antral follicle count; AFC I, AFC ≤3 follicles; AFC II, AFC >3 follicles; AI, artificial insemination; CL, 440 

corpora lutea; CL+, with CL; CL–, without CL; eCG, equine chorionic gonadotrophin; GnRH, gonadotropin-441 

releasing hormone; PGF2α, prostaglandin F2α; P4, progesterone. 442 

 443 

 444 

 445 

 446 

 447 

 448 

 449 

 450 

 451 

 452 

 453 

 454 

 455 

 456 
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 457 

Fig. 2. The ovarian responsive rate at the time of exogenous hormonal trigger (synchronization) and at the time of 458 

fixed-time AI in goats having AFC ≤3 follicles (AFC I) and with CL (CL+) (Group I), AFC ≤3 follicles (AFC II) 459 

and without CL (CL–) (Group II), AFC >3 follicles (AFC II) and with CL (CL+) (Group III), and AFC >3 follicles 460 

(AFC II) and without CL (CL–) (Group IV) on their ovaries (n = 128). Differences were considered statistically 461 

significant at p ≤ 0.0500. AFC, antral follicle count; CL, corpora lutea. 462 
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Fig. 3. The data of the reproductive parameters (A–F) and fertility (G) in does having AFC ≤3 follicles (AFC I) and 478 

with CL (CL+) (Group I), AFC ≤3 follicles (AFC II) and without CL (CL–) (Group II), AFC >3 follicles (AFC II) 479 

and with CL (CL+) (Group III), and AFC >3 follicles (AFC II) and without CL (CL–) (Group IV) on their ovaries (n 480 

= 128). Differences were considered statistically significant at p ≤ 0.0500. AFC, antral follicle count; CL, corpora 481 

lutea. 482 

ACCEPTED




