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Abstract

This study verified the impact of glycerin supplementation during fixed-time insemination on ovarian 
and reproductive outcomes in meat goats. Fifty-one Anglo-Nubian crossbred does underwent estrus 
synchronization with 12 days of CIDR, followed by 0.075 mg of d-cloprostenol and 150 IU of eCG. 
Thirty-six hours after CIDR removal, 100 μg of GnRH was administered, and 18 h later, insemination (AI) 
was performed via intrauterine laparoscopy. At CIDR insertion, goats were grouped into the Control 
Group (n = 25) fed a TMR, and the DGS Group (n = 26), where TMR was supplemented with 100 mL of 
glycerin from CIDR insertion to two weeks after AI. DGS showed a lower diet intake (-13%; P < 0.001) and 
higher (+ 5.3%; P = 0.026) glucose levels. In the CIDR interval, DGS pregnant goats (DGSPG), presented 
in the first wave a higher number of growing follicles (P = 0.035) and greater follicular diameters 
(P < 0.05). After CIDR removal, the DGSPG exhibited a lesser small follicles (P = 0.016), greater follicle size 
(P = 0.005), and lower number of corpora lutea (P = 0.031). Pregnancy (32.0% vs. 46.2%) and twinning 
rates (87.5% vs. 66.7%) were similar in Control and DGS groups (P > 0.05). The control group had a 
higher proportion of non-pregnant goats that were follicular unresponsive during the CIDR interval 
(P < 0.01). In pregnant animals, no differences (P > 0.05) were found in fetal biometric measurements, 
kidding rate, or litter size. Glycerin stimulated follicle growth and CL regression before AI but did not 
promote reproductive effects post-AI.
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Introduction

Artificial insemination (AI) is an assisted reproductive technique that allows genetic 
improvements in ruminant production systems. However, the most efficient use of this 
method in ruminants has been made possible through its association with hormonal protocols 
that enable the control of luteal and follicular functions and facilitate the implementation of 
fixed-time AI (FTAI) (Baruselli et al., 2018a, b). Currently, in different countries, FTAI is the most 
widely used protocol to support AI in cattle (Bó et al., 2019), sheep (Silveira et al., 2021), and 
goats (Arrebola et al., 2022). In Brazil in 2024, 91.8% of AI procedures were performed using 
FTAI (Baruselli, 2025). With the use of FTAI, it is possible to inseminate cyclic or anestrus females, 
induce the return of cyclicity in females during postpartum anestrus, and eliminate the need 
to detect estrus before AI (Rocha et al., 2022).

FTAI in dairy and beef cattle in South America is most frequently performed with estradiol-based 
hormonal protocols in the form of estradiol benzoate and progesterone-releasing devices (P4). In 
North America and Europe, the most widely used protocol in beef cattle is based on GnRH, called 
the Co-Synch protocol (Bó et al., 2019). In South America, however, this protocol is primarily used 
in dairy cattle (Bó et al., 2018). In small ruminants, available results have shown that it is possible to 
use FTAI successfully. In these species, the use of long-term protocols has been common, lasting 
12–14 d in sheep (Kleemann et al., 2024) and 11–17 d in goats (Gore et al., 2020), a period based 
on the half-life of the corpus luteum (CL) (Ramos and Silva, 2018). Sheep and goats also receive an 
intravaginal pessary that releases synthetic progesterone analogs such as medroxyprogesterone 
acetate (MAP) and fluorogestone acetate (FAP), or an intravaginal device containing natural 
progesterone such as reduced-size CIDR (Ramos and Silva, 2018; Arrebola et al., 2022).

Despite considerable progress made in recent years regarding the efficiency of FTAI 
protocols in ruminants, AI is still primarily used in intensive dairy goat production systems 
(Luo et al., 2019). In meat goats, reproductive control technologies are used relatively rarely 
because of the extensive management systems commonly used. Especially in arid and semiarid 
regions, such as the Brazilian Northeast, where the main breeding farms of this species are 
concentrated, the predominant production systems rely on pasture-based feeding under harsh 
environmental conditions, characterized by seasonal fluctuations in forage availability. In these 
regions, nutritional control of herds is the main challenge in formulating rations, which is an 
essential prerequisite for implementing techniques such as FTAI. In this context, the use of 
supplements is a highly common path for technicians and breeders because it allows for diet 
control during specific and punctual periods of critical nutritional stress, such as the mating 
period. They can be modulated according to the nutritional status of the herd and allow the 
use of alternative nutritional resources, thereby reducing the pressure on cereals used in 
human food. In this sense, a large space is reserved for glucogenic precursors, such as glycerin, 
a product of the biodiesel chain that is easily accessible (ANP, 2024). The use of glycerin has 
some substantial advantages as an energy supplement in ruminant feed, such as the ease of 
administration directly in the diet or orally because it is an easy-to-handle product with a high 
energy density (Andrade et al., 2022). Glycerin serves as a rapidly available source of glucose. 
In goats, administration of 100–300 mL doses leads to a peak in plasma glucose levels 6 h after 
administration, with elevated levels lasting up to 24 hours. In contrast, peak insulinemia occurs 
12 h after the dosing and lasts up to 24 h (Rodrigues et al., 2015).

However, in the case of glycerin, the time of supplementation and method of administration are 
factors that must be considered because they are directly involved in the response of the animal. 
In mice, high doses of glycerin cause an increase in circulating insulin levels and hyperglycemia, 
which have detrimental effects on oocyte competition and development, embryonic development, 
and pregnancy rates (Zhang et al., 2022). In ruminants, glycerin is added to the TMR (Andrade et al., 
2022), concentrated (Fioravanti et al., 2024), or orally (Sotgiu et al., 2021; Silva and Silva, 2023). 
Andrade et al. (2022) observed a greater increase in ovulation rate in sheep when glycerin was 
administered by drenching or in TMR for 7 days before ovulation. The favorable effects of glycerin 
on ovarian activity were observed when glycerin was administered before ovulation in goats [200 mL 
for 7 days (Alves et al., 2019, 2021) or 6 days (Silva and Silva, 2023)], and in sheep [200 ml for 6 days 
(Oliveira et al., 2017), 150 ml for 7 days (Andrade et al., 2022) or 100 ml for 4 days (Sotgiu et al., 2021)].
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Despite these results, the use of glycerin in FTAI is particularly challenging because of the 
complexity of the reproductive events involved, such as follicular growth, ovulation, fertilization, 
and embryonic development, each of which is characterized by different environments and 
requirements. The nutritional conditions required for follicular development and ovulation 
may differ from those required for subsequent embryonic development; however, these two 
events are closely interconnected. Souza et al. (2008) obtained high-quality embryos using 
exogenous insulin before or after mating in goats, which did not occur when stimulation was 
continuous with propylene glycol. Rodrigues et al. (2015) observed a reduction in pregnancy 
rate in animals supplemented with 300 mL of glycerin before mating. In small ruminants, 
periconceptional nutritional interventions aimed at maximizing reproductive performance 
require at least a few weeks for completion during mating. This type of management is 
traditionally used to increase the ovulatory response but is often associated with unfertilized 
ovulations or embryos that stop developing (Kakar et al., 2005). The capacity of an oocyte to 
successfully develop into an embryo is acquired during the capacitation process preceding 
ovulation. During the interval between fertilization and the maternal-embryonic transition 
stage, when transcriptional activity is initiated, embryonic function is supported by maternal 
RNA, and proteins synthesized during oocyte maturation can be influenced by nutrition 
(Pisani  et  al., 2008). Glucose transporters are essential for post-implantation embryonic 
development This indicates that poor nutritional management can alter RNA and protein 
synthesis several weeks before use.

Based on these assumptions, we hypothesized that the inclusion of low doses of glycerin 
in the diet of meat goats as a gluconeogenic precursor with high and rapid release in the 
periconception period would allow for better efficiency of the FTAI protocol by stimulating 
the ovarian response and pregnancy rate in the animal. Therefore, the present study aimed 
to investigate the impact of glycerin administration during the fixed-time insemination 
protocol and post-AI in meat goats and to verify the follicular dynamics, luteal activity, 
pregnancy rate, and early fetal development in these animals.

Methods

Location, animals, pre-experimental period and feeding management

The study was conducted at the farm of the School of Veterinary Medicine at Ceará 
State University, Brazil located at 4º2’23” S and 38º38’14” W from the school farm flock. All 
procedures were approved by the Ethics Committee for Animal Experimentation of Ceará 
State University (number 38257569/2016). Goats were homogeneous in body weight, 
subcutaneous sternal fat thickness (Table 1), ages (41.7 ± 9.6 months; overall mean ± SD), 
and body condition score (2.7 ± 0.2, from 1 to 5) and were kept in open collective shed 
stalls with free access to mineral supplements and water. Adipose mass was estimated by 
ultrasonographic measurement of the thickness of the subcutaneous fat deposits at the 
third sternebrae (Teixeira  et  al., 2008), due to its close relationship with the nutritional 
condition in goats (Hervieu et al., 1991).

Prior to the experiment, the animals were subjected to 30 days of adaptation and housed 
in a common pen, where health and reproductive controls were performed according to 
Fernandes  et  al. (2018b). Briefly, endo- and ectoparasite treatments were administered 
and the subjects were vaccinated against clostridiosis. Cyclicity and ovarian function were 
monitored by ultrasound and sexual receptivity of the fertile mature buck. Goats received 
the same diet, composed of a TMR based on chopped elephant grass and concentrate. 
A feed mixture of TMR was prepared in water and furnished to satisfy the nutritional 
requirements for maintenance in adult non-dairy goats (NRC, 2007). The diet was provided 
in two daily meals at 08h00 and 15h00, and feed intake was monitored daily during the 
experimental period.
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Fixed-time artificial insemination (FTAI) procedures

Estrus and follicular wave synchronization

The goats had their estrus and follicular wave synchronized (Figure 1) by insertion 14 days 
before artificial insemination (AI) of an intravaginal device impregnated with progesterone 
(CIDR®, Controlled intravaginal drug release; InterAg, Hamilton, New Zealand). After 12 days, 
the device was removed and 0.075 mg of d-cloprostenol (Prolise®; ARSA S.R.L., Buenos Aires, 
Argentina) and 150 IU of eCG (Folligon®; Intervet Canada Inc., West Hill, Ontario, Canada) were 
applied. Thirty-six hours after removal of the CIDR, 100 μg of GnRH (Gestran-plus®, a.i. lecirelin; 
ARSA S.R.L.) was administered. AI was performed 18 h after GnRH (Biehl et al., 2017).

Figure 1. General experimental design including dietary treatment and hormonal protocol for 
laparoscopic artificial insemination.

Intrauterine laparoscopy AI

Intrauterine laparoscopic AI was performed according to Menchaca and Rubianes (2004) using 
fresh semen collected through an artificial vagina from two Anglo-nubian bucks with previously 
proven fertility through the analysis of sperm parameters (color, volume, appearance, motility, 
vigor, and concentration). The insemination dose was diluted in a TRIS-yolk-based extender to 
a sperm concentration of 50 × 106. On the day before insemination, does were fasted for 24 h 
and watered for 12 h. The anesthetic protocol used was a combination of acepromazine 1% 
(0.1 mg/kg) (Acepran® 1%, Vetnil, São Paulo, Brazil), xylazine 2% (0.1 mg/kg) (Anasedan® 2%, 
Ceva, São Paulo, Brazil) and ketamine 10% (2 mg/kg) (Dopalen® 10%, Ceva, São Paulo, Brazil).

Experimental design

At CIDR insertion, the goats were randomly grouped in two diet-treatment (Figure 1): the 
DGS Group (n = 26), in which the TMR feed mixture was prepared with a solution of 100 mL 
of glycerin (99.9% glycerol) and water in a 9:1 ratio, and the Control Group (n = 25) where was 
maintained the initial TMR diet.

Glycerin solution was included daily in the TMR for 4 weeks, from CIDR insertion to two weeks 
after the AI laparoscopy procedure. According to the energy density of glycerol, 0.38 Mcal of 
EM/moL (Mach et al., 2009), the energy value of 100 mL of glycerol was estimated as 0.51 Mcal of 
EM, which represents an increase of 39.2% in the energy maintenance requirement (NRC, 2007) 
provided by TMR in Control Group.

Ultrasonography analysis of ovarian follicular dynamics and luteal activity

Ultrasonography was performed once daily from CIDR insertion to CIDR removal (Figure 1) 
and twice daily from CIDR removal to the AI procedure. Ovarian images were obtained with 
B-mode ultrasound equipment using a 5 MHz linear transrectal probe (model Z5 Vet; Mindray 
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Bio‐Medical Electronics Co., Shenzhen, China). Images were captured and analyzed using ImageJ 
software (National Institutes of Health, Millersville, MA, USA), which was previously calibrated, 
the mean diameter of each identified follicle and corpus luteum (CL) was determined as the 
average between its vertical and horizontal dimensions (Conde et al., 2023). Follicles observed 
in both ovaries were categorized based on size into small (< 3 mm), medium (≥ 3 and < 5 mm), 
and large (≥ 5 mm) (Ginther and Kot, 1994).

Pregnancy diagnosis and early fetal development

Pregnancy was diagnosed 45 days after AI (Figure 1). According to the methodology described 
by Del’Aguila-Silva et al. (2021), fetal development was evaluated with goats in a standing position, 
using a B-mode real-time transabdominal ultrasound with a 5 MHz convex transducer (model 
Z5 Vet; Mindray Bio‐Medical Electronics Co., Shenzhen, China). The probe was positioned in the 
right inguinal region of the animal or immediately in front of the udder, with the urinary bladder 
as the main reference structure for identification of the reproductive tract. The diameter of 
the embryonic vesicle and crown-rump length were measured at days 30 and 45 of gestation 
(Figure 1). Biparietal, abdominal, and thoracic diameters on day 45 of gestation.

Glucose assay

Blood samples were taken from all animals at day of CIDR insertion, at CIDR removal and 
7 days after, during glycerin supplementation (Figure 1), by jugular venipuncture into heparinized 
vacuum tubes (BD Vacutainer®, Franklin Lakes, NJ, USA), performed before the morning feed 
is provided. The samples will then be centrifuged at 3000 rpm for 15 min to separate the 
plasma, from which three aliquots will be obtained and stored at -20 °C. Analyses of glucose, 
were performed by spectrophotometry in automated biochemical analyzer (Mindray® BS 120, 
Mindray Biomedical Electronics Co., Shenzhen, China) using commercial kit (Bioclin®, Quibasa, 
Minas Gerais, Brazil), according to the manufacturer’s instructions. The sensitivity of the assay for 
glucose was 1.31 mg/dL and the intra- and inter-assay CV were 2.59% and 0.78%, respectively, 
as indicated by the manufacturer.

Statistical analysis

Statistical analyses were performed using Statistica Software version 13.4.0.14 (2018; TIBCO 
Software, Inc., Palo Alto, CA, USA). The data were initially verified for mathematical assumptions 
using the Shapiro-Wilk test. If these conditions were not met, log10x transformation was 
applied. Data were analyzed using the General Linear Model (GLM) procedure for analysis of 
variance. The factors included in the model were group (Control, DGS), interval of the sample 
assessment (time), and interaction group vs. time. All pairwise comparisons were performed 
using the Newman–Keuls post hoc test. For the pregnancy rate, twin rate, pregnancy failure 
rate, mortality rate, and kidding rate, the effect of the group was analyzed using the chi-square 
test. Correlation analysis between pregnancy diagnosis and body weight, sternal subcutaneous 
fat thickness, and follicle traits before and after CIDR was performed using Spearman’s test. 
Statistical significance was considered at the 5% level (p < 0.05).

Results

Body weight, feed intakes and peripheral glucose levels in supplementation interval

There was no significant difference in fasting body weight between the two groups prior to 
the laparoscopic procedure (P = 0.968) (Table 1). Animals supplemented with glycerin showed 
lower dry matter intake (-13%; P < 0.001) than the control group (Table 1). The DGS group 
also showed a significant increase (P = 0.026) in plasma glucose concentration compared with 
the control group (Table 1). A significant interaction between the group and time effects was 
observed (Interaction G × T, P = 0.029) due to the increase in glycemia in the DGS group (+3%) and 
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a corresponding decrease in the control group (−11%) after CIDR removal. In the sample taken 
seven days later, peripheral glucose levels were 54.5 ± 1.2 mg/dL vs. 47.7 ± 1.7 mg/dL (P = 0.007) 
for the DGS and control groups, respectively. The highest blood glucose value recorded in the 
DGS group during supplementation was 69.3 mg/dL on the day of CIDR withdrawal.

Table 1. Body weight, fat sternal subcutaneous thickness prior the FTAI protocol. Feed intake and 
peripheral glucose level during FTAI protocol in goats fed with maintenance diet (Control group) or 
supplemented with glucogenic precursor (DGS group).

Parameters
Group p Value

Time G x T
Control DGS SEM Group

Carcass marker and body weight

SSFT*, mm 11.2 10.3 0.343 0.194 - -

Initial BW*, kg 32.4 32.3 0.958 0.953 - -

Fasting BW**, kg 31.1 31.0 1.021 0.968 - -

Feed Intake

DMI, g/kg MW 59.1 51.4 0.546 < 0.001 0.009 0.904

DMI, % BW 2.5 2.2 0.023 < 0.001 0.002 0.874

Metabolite plasma

Glucose, mg/dL 51.0 53.7 0.588 0.026 0.183 0.029

Follicles turnover throughout the FTAI procedure

Follicles turnover before CIDR removal

Table  2 shows the follicular dynamics measured using ultrasound analysis during the 
FTAI protocol. There was a significant increase in the number of follicles as the CIDR interval 
progressed (Effect of Time, P < 0.001). There was also a difference in follicular traits in relation 
to pregnancy outcomes. Goats that became pregnant after AI presented a higher number of 
follicles and greater follicular size (P < 0.001) than non-pregnant animals. Thus, for a clearer 
presentation in Figure 2, we divided the follicular dynamics into two pregnancy groups. Table 2 
details the follicle tracts in pregnant goats, as shown in Figure 2A.

In pregnant animals from both the nutritional groups, two follicular waves were observed 
during the CIDR period (Figure 2A). In the first wave, on days 3–6 of supplementation, an 
increase in the follicular number and size was observed in both groups (Effect of Time, 
P < 0.05; Table 2). The DGS group had a higher number of follicles (P = 0.017) and growing 
follicles (P = 0.035) than the control group (Table 2). The first wave ended on days 5 and 
6 in the DGS and control groups, respectively. The follicular diameter at the beginning of 
the wave and its maximum point was higher (P < 0.05) in DGS goats (Table 2). On day 7 of 
CIDR (Figure 2A), after one week of supplementation, the second wave began in both groups 
(Effect of Time, P < 0.001), which recorded the highest number of follicles two days later, 
on day 9 of supplementation. In the second wave, no differences (P > 0.05) were recorded 
between the groups in terms of the number of follicles and follicular diameters on the day 
of emergence or the largest size (Table  2). In non-pregnant animals in both groups, the 
number of follicles (Figure 2B) was significantly lower (P < 0.001) than in pregnant animals 
(4.2 ± 0.06 n/ovary vs. 3.4 ± 0.05 n/ovary). The follicular diameter was also significantly lower 
(P < 0.001) than in pregnant animals (3.2 ± 0.04 mm vs. 3.0 ± 0.05).
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Table 2. Follicles turnover in goats during FTAI protocol, fed with maintenance diet (Control group) or 
supplemented with glucogenic precursor (DGS group).

Parameters
Group p Value

Time G x T
Control DGS SEM Group

Follicles traits before CIDR removal
Total follicles 1st day, n/ovary 4.0 3.9 0.200 0.725 - -

Total follicles, n\ovary 3.8 3.9 0.042 0.227 < 0.001 0.960
Follicle size, mm 3.1 3.1 0.030 0.433 0.215 0.177

Follicles traits before CIDR removal, in pregnant goat after AI
Follicle size of 1th wave emergence day, mm 3.0 3.4 0.112 0.045 - -

Largest follicle size of 1th wave, mm 4.7 5.3 0.131 0.036 0.030 -
Follicles ≥ 3 mm, n\ovary 1.7 2.1 0.097 0.035 0.045 0.440

Total follicles, n\ovary 4.2 4.7 0.108 0.017 0.002 0.854
Follicle size of 2th wave emergence day, mm 3.3 3.2 0.124 0.753 - -

Largest follicle size of 2th wave, mm 5.2 5.0 0.177 0.625 0.256 0.078
Follicles ≥ 3 mm, n\ovary 1.9 1.8 0.120 0.570 0.098 0.297

Total follicles, n\ovary 4.1 4.2 0.157 0.675 0.001 0.434
Follicles traits after CIDR removal

Follicles < 3 mm, n\ovary 2.1 2.0 0.063 0.163 0.001 0.152
Follicles ≥ 3 mm, n\ovary 1.8 1.9 0.043 0.481 < 0.001 0.328

Follicle size 48 hours BL*, mm 3.4 4.0 0.141 0.011 - -
Largest follicle size 18 hours BL, mm 7.2 7.6 0.151 0.135 - -

*BL, before laparoscopy; Time, ANOVA effect for interval sampled used.

Figure 2. Total follicles counted by ultrasonography performed after CIDR insertion during FTAI 
protocol, in goats fed with maintenance diet (Control) or supplemented with glucogenic precursor 

(DGS), for pregnant (Figure 2A) and no-pregnant (Figure 2B) does, diagnosed by ultrasound at 45th days 
after AI. In the figures CI and CR are respectively the day of CIDR insertion and the day of CIDR removal. 
Data are plotted as mean ± SEM. The P-value for the ANOVA effects for group, supplementation period 

(effect time) and interaction, are shown in figures. *P < 0.05.
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Follicles turnover after CIDR removal

After the withdrawal of CIDR and subsequent application of eCG, on the 12th day of 
supplementation, there was a significant increase (Effect of Time, P < 0.001; Table 2) characterized 
by an increase in the number of growing follicles (>3 mm) and a reduction in the number of 
small follicles (P = 0.001) in both groups. In this last follicular class, a significant lower number of 
follicles in pregnant goats in the glycerin group was also observed compared to the control group 
(2.4 ± 0.1 n/ovary vs. 1.9 ± 0.2 n/ovary; P = 0.016). This difference did not occur in non-pregnant 
animals (1.9 ± 0.1 n/ovary vs. 2.0 ± 0.1 n/ovary; P = 0.298).

Regarding follicular diameter, the measurement performed 48 hours before laparoscopy 
(Table  2), at the time of eCG application, also recorded a larger diameter in the glycerin 
group compared to the control group. However, this difference occurred in pregnant animals 
(4.3 ± 0.3 mm vs. 3.0 ± 0.2 mm; P = 0.005), and did not verify in non-pregnant animals 
(3.7 ± 0.3 mm vs. 3.8 ± 0.2 mm; P = 0.815). The follicular diameter measured before laparoscopy 
did not differ between the groups (Table 2).

Luteal activity throughout the FTAI procedure

Luteal activity before CIDR removal

Regarding luteal activity (Table 3), the DGS group animals, there was a lower number of CL in 
relation to the control (P < 0.001) but recording a larger diameter (P < 0.05). For non-pregnant 
animals, both groups showed a lower number and diameter than pregnant animals (P < 0.001), 
and similar between them, respectively 0.2 ± 0.02 n/ovary vs. 0.1 ± 0.01 n/ovary (P = 0.100) for 
the number of CL and 5.7 ± 0.2 mm vs. 5.4 ± 0.3 mm (P = 0.378) for the luteal diameter.

Luteal activity after CIDR removal

After CIDR removal (Table 3), there was a significant reduction in the proportion of CL 
per ovary (effect time, P < 0.001) and in luteal size (effect time, P = 0.037) in both groups. 
The DGS group presented a lower number of CL/ovary compared to the control group 
(P = 0.031), and there was no significant difference (P > 0.05) in luteal diameter between 
the treatments.

Pregnant animals showed a lower proportion of CL compared to those negative to DG 
(0.05 ± 0.02 n/ovary vs. 0.1 ± 0.02 n/ovary; P = 0.010).

Table 3. Corpus Luteum (CL) in goats during FTAI protocol, fed with maintenance diet (Control group) or 
supplemented with glucogenic precursor (DGS group).

Parameters
Group p Value

G x T
Control DGS SEM Group Time

CL after CIDR insertion
CL, n\ovary 0.3 0.2 0.011 < 0.001 0.756 0.991

CL diameter, mm 5.7 6.5 0.127 0.036 0.398 0.873
CL after CIDR removal

CL, n\ovary 0.1 0.05 0.132 0.031 < 0.001 0.994
CL diameter, mm 6.4 5.5 0.235 0.067 0.040 0.974

Time, ANOVA effect for interval sampled used.

Reproductive outcome after AI and fetus development in pregnant goats

Table 4 shows the reproductive outcomes after artificial insemination. There was no significant 
difference (P > 0.05) between the nutritional groups in terms of pregnancy and twin rates, with 
overall mean values of 43.1% and 68.4%, respectively. Pregnancy loss was concentrated in 
both groups during the interval between AI and the pregnancy diagnosis performed 45 days 
after AI (Table 4). Only one animal in the glycerin group aborted after this period (Table 4). 
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In the control group, animals that experienced pregnancy loss were significantly more likely 
to have fewer follicles during the CIDR interval (P < 0.01; Table 4). In the same group, positive 
and statistically significant correlations (Table 5) were found between pregnancy outcome and 
the number of growing follicles (0.69; P = 0.001) and number of CL (0.59; P = 0.007), measured 
before CIDR removal. No correlations were found between pregnancy, live weight, subcutaneous 
sternal fat thickness, number of growing follicles, and CL after CIDR removal (Table 5).

In pregnant animals, no differences in fetal measurements were observed between the 
groups (Table 6). The diameter of the embryonic vesicle and the craniocaudal length of the 
fetus increased in both groups with gestation time (Time Effect, P < 0.001).

At parturition (Table 4), no differences were observed between the treatments in terms of 
live weight and sternal subcutaneous fat thickness, nor did the diving rate, twin rate, and litter 
size differ between the groups (P > 0.05). These parameters have mean values ​​of 86%, 74%, 
and 2.0, respectively.

Table 4. Reproductive outcome after AI in goats fed with maintenance diet (Control group) or 
supplemented with glucogenic precursor (DGS group).

Parameters
Group p Value

Control DGS SEM Group
Pregnancy outcome

Pregnancy rate, % (n/n) 32.0 (8/25) 46.2 (12/26) - 0.779
Twinning rate, % (n/n) 87.5 (7/8) 66.7 (8/12) - 0.828

Pregnancy failure*, % (n/n) 68.0 (17/25) 53.8 (14/26) - 0.392
Follicular unresponsive BCR** 82.4 (14/17) A 71.4 (10/14) - -

Follicular responsive BCR 17.6 (3/17) B 28.6 (4/14) - -
Mortality***, % (n/n) - 8.3 (1/12) - -

Delivery outcome
SSFT, mm 13.0 11.8 0.352 0.096

BW, kg 41.0 40.3 1.802 0.869
Kidding rate, % (n/n) 100.0 (8/8) 91.7 (11/12) - 0.862

Twinning rate, % (n/n) 75.0 (6/8) 72.7 (8/11) - 0.755
Litter size, n (n/n) 1.9 (15/8) 2.0 (22/11) 0.178 0.903

*Gestation failure from AI to pregnancy diagnosis; **BCR: before CIDR removal; ***Mortality from the pregnancy diagnosis 
to delivery. BW, body weight; SSFT, subcutaneous sternal fat thickness. A, B P < 0.01, between rows in the same column.

Table 5. Correlation coefficients between pregnancy outcome, body weight, subcutaneous sternal 
fat thickness, follicle traits, and corpus luteum proportion before and after CIDR in goats fed with 
maintenance diet (Control group) or supplemented with glucogenic precursor (DGS group).

Parameters
Group

Control (n = 25) p Value DGS (n = 26) p Value
Initial BW before FTAI procedure 0.21 0.304 0.45 0.064

SSFT, mm 0.36 0.069 0.29 0.153
Before CIDR removal

Follicles ≥ 3 mm, n\ovary 0.69 0.001 0.45 0.061
CL, n/ovary 0.59 0.007 -0.03 0.902

After CIDR removal
Follicles ≥ 3 mm, n\ovary 0.28 0.245 0.01 0.968

CL, n/ovary 0.28 0.249 -0.29 0.234
BW, body weight; SSFT, subcutaneous sternal fat thickness.

Table 6. Ultrasonography early fetometric measurements in pregnant goats after AI, fed with maintenance 
diet (Control group) or supplemented with glucogenic precursor (DGS group).

Parameters Day
Group p Value

Time G x T
Control DGS SEM Group

Diameter of embryonic vesicle*, mm 30-45 45.8 43.3 1.443 0.226 < 0.001 0.333
Crown-rump length*, mm 30-45 30.9 29.6 1.947 0.611 < 0.001 0.906
Biparietal diameter, mm 45 13.4 13.1 0.974 0.949 - -

Abdominal diameter, mm 45 1.1 1.3 1.204 0.666 - -
Thoracic diameter, mm 45 1.2 1.1 0.202 0.643 - -

* Time, ANOVA effect for interval of measurement used.
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Discussion

The evidence collected in this study partially confirmed the initial hypothesis regarding the 
impact of the inclusion of a low dose of glycerin as a glucogenic precursor in the diet of goats 
during the periconception period of the FTAI protocol. From a reproductive perspective, the 
selected supplementation strategy induced a more favorable scenario in terms of follicular 
turnover during the permanence of the progestin-releasing device and its subsequent removal 
before ovulation. In contrast, the extending glycerin supplementation post-AI did not enhance 
the benefits observed in follicular growth, which did not lead to improvements in pregnancy 
rate and fetal development.

However, the use of glycerin in the diet at the chosen dosages effectively increased the 
peripheral glycemic concentrations in the experimental animals, which also resulted in a 
lower diet intake. Both phenomena were expected and did not reach critical values ​​for animal 
efficiency. The maximum blood glucose value recorded in the supplemented group was 
within the range observed in goats (Bezerra et al., 2023; Das et al., 2024). No clinical signs of 
hyperglycemia were observed, whereas dry matter intake remained within the recommended 
values ​​of nutritional requirements (NRC, 2007) for the weight class (> 2.2% BW). Transient 
changes in diet consumption in animals supplemented with glycerin are frequently recorded 
(Andrade et al., 2024; Fioravanti et al., 2024) and are consequences of the homeotropic response 
of the animal to the increased energy density of the diet, as well as to the transient increase in 
ruminal propionate released during glycerin degradation. Postprandial fatty acid concentrations 
are recognized modulators of feed intake in ruminants (Fioravanti et al., 2024).

The glycemic increase allowed the supplemented animals to successfully modulate follicular 
dynamics before and after the presence of CIDR and to present a larger CL diameter. After the 
administration of eCG preceding AI, the DGS group showed high follicular depletion during the 
induction of the follicular wave, a larger follicular size, and a more efficient induced regression 
of the CL. This was evidenced by the substantial reduction in the presence of CL compared to 
the control group after the withdrawal of CIDR and successive application of prostaglandin.

Several studies have reported the positive effects of glycerin supplementation on ovarian 
activity in sheep (Sotgiu et al., 2021; Andrade et al., 2022) and goats (Alves et al., 2021; Silva et al., 
2023). Follicular growth and ovulation rates are favored when increased circulating glucose 
promotes increased concentrations of insulin and insulin-like growth factor (IGF-1), which act 
directly on the hypothalamic-pituitary-ovary axis (Guo et al., 2019; Sotgiu et al., 2021). The 
development of follicular waves depends on the steroidogenic function of the ovaries (Rawan et al., 
2023). The steroidogenic function of granulosa cells (GC) is regulated by glucose metabolism 
through metabolic pathways such as phosphatidylinositol 3-kinase, protein kinase B (PI3K-PKB/
Akt) and AMP-activated protein kinase (AMPK) (Mo  et  al., 2024). Estradiol, which promotes 
follicular growth and aromatase activity to convert androgens into estrogens (Rawan et al., 
2023), is produced by GC through the intervention of glycolytic metabolites such as the enzyme 
pyruvate kinase M2 (PKM2), steroidogenic acute regulatory protein (STAR), 3β-hydroxysteroid 
dehydrogenase (3β-HSD), cytochrome P450 aromatase (P450AROM) and cytochrome P450 
cholesterol (P450SCC) (Wang et al., 2022). The use of glycogenic or energy diets also promotes 
the activity of the metabolic hormone IGF-1 (Kaewlamun et al., 2020; Rahbar et al., 2021). This 
hormone is involved in the synthesis of factors such as progesterone (P4), androstenedione, 
activin A, inhibin A, and follistatin (Piau et al., 2023), which promote follicular waves (Adams and 
Singh, 2021). Furthermore, IGF-1 promotes follicular growth because of its ability to act as a co-
gonadotropin (Hayes et al., 2024) and acts synergistically with follicle-stimulating hormone (FSH) 
to stimulate GC proliferation and estradiol production (Piau et al., 2023; Baddela et al., 2025).

The results shows that extending supplementation in the post-AI period did not provide 
positive advantages for the success of the FTAI protocol in terms of a higher pregnancy rate, 
prolificity, or fetal development. However, the pregnancy rates observed in the present study 
were similar to those reported by Holtz et al. (2008), Stelletta et al. (2017), and Fernandes et al. 
(2018a) in goats subjected to FTAI. Similarly, the kidding rate was comparable to or higher than 
those reported in other studies conducted on goats, by Holtz et al. (2008), Hashemi and Safdarian 
(2018), Fernandes et al. (2018a), Gore et al. (2020), Arrebola et al. (2022) and Wondim et al. (2022).
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Dietary supplementation during the peri-conception period is an established nutritional 
strategy frequently used in small ruminants to induce an appropriate environment for events 
associated with oocyte maturation and competence, fertilization, implantation, and embryonic 
development (Kakar et al., 2005). Although these events are strongly associated with better 
results using the FTAI protocol (Vasconcelos et al., 2018), in the present study, no advantages 
were observed in terms of the number of pregnancies or multiple pregnancies. In addition to 
parturition, both groups exhibited similar reproductive responses.

In our study, the evaluation of pregnancy losses indicated that most of these in both 
groups occurred prior to AI and were concentrated in animals that did not show significant 
follicular growth in the period preceding CIDR removal. In the non-supplemented animals, 
the relationship between pregnancy and ovarian response before CIDR removal was more 
evident. In this group, a significant proportion of nonpregnant animals presented with low 
follicular growth during the CIDR period. In these animals, pregnancy was also significantly 
and positively correlated with the number of growing follicles and CL present during the same 
period. In contrast, in the supplemented group, the inclusion of glycerin in the diet seemed 
to alleviate this phenomenon. In these animals, better follicular response and CL quality 
were recorded during the CIDR period. Furthermore, the lower proportion of CL after CIDR 
withdrawal suggests that the induction of luteal regression was much more efficient in these 
animals than in the control group.

The presence of a functional CL at the beginning of a FTAI protocol is usually associated 
with an increase in pregnancy (Murugavel et al., 2003). However, effective luteolytic induction 
is essential for a new follicular wave to successfully reach ovulation. The larger the follicle, 
the greater the chance of achieving pregnancy. According to Vasconcelos et al. (2018), the 
best results in FTAI are essentially guaranteed through four physiological events: initiation 
of a synchronized follicular wave, promotion of follicular growth and selection of a dominant 
follicle, decrease in the concentration of circulating progesterone through lysis of the corpus 
luteum, and induction of ovulation in synchrony with AI.

In FTAI, fertility rate is also associated with the protocol used. Martemucci and D’Alessandro 
(2011) indicated that the long-term FTAI protocol is associated with ovulation originating from 
aged follicles, which, in turn, can lead to a lower pregnancy rate. In these protocols, around 
the 6th day, the progestin device decreases the concentration of P4, maintaining it at subluteal 
levels (Menchaca and Rubianes, 2004), causing slower follicular renewal (Viñoles et al., 2001; 
Menchaca and Rubianes, 2002). Menchaca and Rubianes (2002) reported that in goats, the 
number of follicular waves depends on the concentration of circulating P4, and those that 
are exposed to lower concentrations of P4 consequently present lower follicular turnover. 
Subluteal concentrations of P4 increase LH pulses that promote follicular growth until the 
end of the hormonal protocol, causing ovulation of persistent dominant follicles, which are 
in the process of aging and compromise the fertility rate (Viñoles et al., 2001; Menchaca and 
Rubianes, 2004). Follicles with a longer lifespan compromise the quality of the oocyte, which 
ages at the time of ovulation (Evans et al., 2001; Viñoles et al., 2001). A favorable option is 
the application of short protocols using vaginal pessaries lasting 5 to 9 days. This protocol 
maintains P4 at adequate levels that favor the growth and ovulation of new follicles because 
of adequate suppression of the LH pulse frequency (Nakafeero et al., 2020), allowing better 
or similar conception rates to long-term protocols (Ramos and Silva, 2018; Gore et al., 2020; 
Nakafeero et al., 2020). The use of P4 is sufficient to induce estrus, which occurs two–three 
days after P4 treatment; however, gonadotropins are necessary to synchronize estrus and 
ovulation (Ramos and Silva, 2018). eCG, administered at doses of 250–1000 IU on the last 
day of P4 treatment, stimulates the onset of estrus 48 h later and ovulation approximately 
60 h later (Ramos and Silva, 2018; Nakafeero et al., 2020). The administration of synthetic 
GnRH analogs between 12 and 36 h after removal of the vaginal pessary also allows for 
the induction, synchronization, and improvement of the ovulation rate, favoring the use of 
FTAI, as the success of the protocols depends on the synchronization between the moment 
of insemination and ovulation (Ramos and Silva, 2018; Arrebola et al., 2022).
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The presence of low follicular responsiveness was partly expected, and occurred essentially 
due to the presence of animals with low follicular renewal. However, this phenomenon was 
not associated with anestrus in the present study. The selected animals were representative 
of the regional population and were characterized by continuous cyclicity throughout the year, 
likely due to the relatively stable photoperiod of the region. Nutritional effects were considered 
negligible, given the reproductive and nutritional control performed in the pre-experimental 
adaptation period and the lack of correlation between follicular parameters, the presence 
of the CL, and the live weight and adipose mass of the animal. However, the fact that it was 
manifested in both groups, although at different intensities, suggests the involvement of specific 
tracts in the animals used in the experiment. Meat goats originate from extensive farming, are 
more nervous than dairy animals, are handled less frequently, and may respond differently to 
excessive manipulation.

Animals with fewer follicles usually exhibit lower follicular renewal (Burns et al., 2005). In cattle 
with a low number of follicles, follicular dynamics are altered during the follicular selection phase 
because the granulosa cells of the follicles produce lower concentrations of E2, resulting in high 
concentrations of FSH that promote the constant development of intermediate follicles. In cows 
with a large number of follicles, E2 is released at higher concentrations, which suppresses FSH 
secretion and stimulates LH secretion, allowing follicular selection to continue with follicular 
dominance and subsequent ovulation (Sakaguchi et al., 2019). In a study conducted with goats, 
Kharayat et al. (2024) reported that a lower presence of antral follicles is associated with reduced 
concentrations of anti-Müllerian hormone, which, in turn, shows a positive correlation with 
reproductive parameters such as the number of ovulations per estrous cycle, ovarian surface 
area, and litter size.

Conclusion

The inclusion of glycerin in the diet of meat goats two weeks before ovulation in the FTAI 
protocol allowed favorable alterations in follicular development. However, the extension of 
this supplementation to two weeks after AI did not offer substantial advantages in terms of 
pregnancy rate and prolificacy. The study also confirmed that reproductive performance in FTAI 
is highly dependent on the initial ovarian response of the animal, and that this can be positively 
supported by the presence of a rapidly available gluconeogenic inducer, such as glycerin. In view 
of this, we hope to conduct further investigations with the aim of improving the efficiency of 
this type of supplementation in FTAI protocols for goats for better efficiency and dissemination 
of this reproductive technology in herds.

Acknowledgements

Silva C.P. received a doctoral scholarship from CNPq, Brazil. This paper is part of Silva’s 
doctoral thesis, supervised by Rondina D. D. Rondina and senior investigators at CNPq, Brazil 
(grant no. 312768/2021–4).

Data availability statement

The data presented in this study are available upon request from the corresponding author 
due to legal reasons.

References

Adams GP, Singh J. Ovarian follicular and luteal dynamics in cattle. In: Hopper RM, editor. Bovine reproduction. 
2nd ed. Hoboken: Wiley; 2021. p. 292-323. https://doi.org/10.1002/9781119602484.ch25.

Alves JPM, Fernandes CCL, Calderón CEM, Rossetto R, Bertolini M, Rondina D. Short-term supplementation 
of diets rich in lipids or glycogen precursors can affect intra-follicular environment, oocyte mitochondrial 
gene expression, and embryo development following parthenogenesis in goat. Small Rumin Res. 
2021;194:106279. https://doi.org/10.1016/j.smallrumres.2020.106279.

https://doi.org/10.1002/9781119602484.ch25
https://doi.org/10.1016/j.smallrumres.2020.106279


Reproductive effect of glycerin supply in FTAI protocol for meat goats

Anim Reprod. 2026;23(3):e20250061 13/16

Alves JPM, Fernandes CCL, Rossetto R, Silva CPD, Galvão ITOM, Bertolini M, Rondina D. Impact of short 
nutrient stimuli with different energy source on follicle dynamics and quality of oocyte from hormonally 
stimulated goats. Reprod Domest Anim. 2019;54(9):1206-16. https://doi.org/10.1111/rda.13500. 
PMid:31240745.

Andrade MAMDM, Alves JPM, Galvão ITOM, Cavalcanti CM, Silva MRL, Conde AJH, Bezerra AF, Fernandes 
CCL, Teixeira DIA, Rondina D. Glycerin supplementation strategies for three or seven days affects 
oxidative stress, follicle dynamics and ovulatory response in Morada Nova sheep. Anim Reprod. 
2022;19(2):e20200025. https://doi.org/10.1590/1984-3143-ar2020-0025. PMid:35712445.

Andrade RB, Santos KC, Silva ÉCL, Silva ER, do Vale Maciel M, dos Santos Monnerat JPI, Carvalho FFR. Use of 
crude glycerin in dairy goat feeding and its effects on milk and cheese performance and quality. Anim 
Feed Sci Technol. 2024;315:116049. https://doi.org/10.1016/j.anifeedsci.2024.116049.

Agência Nacional do Petróleo, Gás Natural e Biocombustíveis – ANP. Oil, natural gas and biofuels statistical 
yearbook 2024 [Internet]. Brasília: ANP; 2024 [cited 2025 May 15]. Available from: https://www.gov.br/
anp/pt-br/centrais-de-conteudo/publicacoes/anuario-estatistico/oil-natural-gas-and-biofuels-statistical-
yearbook-2024.

Arrebola FA, Torres-Martell R, González-Casquet O, Meza-Herrera CA, Pérez-Marín CC. Periovulatory 
hormonal profiles after estrus induction and conception rate by fixed-time AI in Payoya goats during 
the anestrous season. Animals. 2022;12(20):2853. https://doi.org/10.3390/ani12202853. PMid:36290241.

Baddela VS, Michaelis M, Tao X, Koczan D, Brenmoehl J, Vanselow J. Comparative analysis of PI3K-AKT 
and MEK-ERK1/2 signaling-driven molecular changes in granulosa cells. Reproduction. 2025;169(2). 
https://doi.org/10.1530/REP-24-0317. PMid:39665647.

Baruselli  PS, Ferreira RM, Colli MHA, Elliff FM, Sá MF Fo, Vieira L, de Freitas BG. Timed artificial insemination: 
current challenges and recent advances in reproductive efficiency in beef and dairy herds in Brazil. 
Animal Reproduction. 2018a;14(3):558-71. https://doi.org/10.21451/1984-3143-AR999.

Baruselli PS, Sales JNS, Sala RV, Vieira LM, Sá Filho MFD. History, evolution and perspectives of timed 
artificial insemination programs in Brazil. Anim Reprod [Internet]. 2018b [cited 2025 May 15];9(3):139-
52. Available from: https://www.animal-reproduction.org/article/5b5a6055f7783717068b46d7.

Baruselli PS. Após 2 anos de queda, mercado de IATF retoma crescimento [Internet]. 9th ed. São Paulo: 
Boletim Eletrônico – VRA; 2025 [cited 2025 May 15]. Available from: http://vra.fmvz.usp.br/boletim-
eletronico-vra/.

Bezerra HFC, Santos EM, Carvalho GGP, Oliveira JS, Silva FF, Cassuce MR, Guerra RR, Pereira DM, Ferreira 
DJ, Nascimento TVC, Zanine ADM. Metabolic profile of goats fed diets containing crude glycerin from 
biodiesel production. Front Vet Sci. 2023;10:1236542. https://doi.org/10.3389/fvets.2023.1236542. 
PMid:37727773.

Biehl MV, Ferraz MV Jr, Ferreira EM, Polizel DM, Miszura AA, Barroso JP, Oliveira GB, Bertoloni AV, Pires AV. 
Effect of reproductive methods and GnRH administration on long-term protocol in Santa Ines ewes. 
Trop Anim Health Prod. 2017;49(6):1303-8. https://doi.org/10.1007/s11250-017-1329-1. PMid:28608308.

Bó G, Baruselli P, Menchaca A, Mapletoft R. Evolution of synchronization protocols and use of fixed 
time artificial insemination in beef cattle in South America. Clin Theriogenology. 2019;11(3):255-63. 
http://doi.org/10.58292/ct.v11.9497.

Bó GA, Baruselli PS, Mapletoft RJ. Synchronization techniques to increase the utilization of artificial 
insemination in beef and dairy cattle. Anim Reprod [Internet]. 2018 [cited 2025 May 15];10(3):137-42. 
Available from: https://www.animal-reproduction.org/article/5b5a6048f7783717068b468a.

Burns DS, Jimenez-Krassel F, Ireland JL, Knight PG, Ireland JJ. Numbers of antral follicles during follicular 
waves in cattle: evidence for high variation among animals, very high repeatability in individuals, and 
an inverse association with serum follicle-stimulating hormone concentrations. Biol Reprod. 2005;73(1): 
54-62. https://doi.org/10.1095/biolreprod.104.036277. PMid:15744026.

Conde AJH, Alves JPM, Fernandes CCL, Silva MRL, Cavalcanti CM, Bezerra AF, Teixeira DÍA, Rondina D. 
Effect of one or two fixed glutamate doses on follicular development, ovarian-intraovarian blood flow, 
ovulatory rate, and corpus luteum quality in goats with a low body condition score. Anim Reprod. 
2023;20(4):e20220117. https://doi.org/10.1590/1984-3143-ar2022-0117. PMid:38148928.

Das PK, Mukherjee J, Banerjee D, Ghosh PR, Samanta I, Jas R, Patra AK. Growth, haemato-biochemical, 
hormonal and disease characteristics in Black Bengal goats: a review. Trop Anim Health Prod. 
2024;56(2):52. https://doi.org/10.1007/s11250-024-03898-z. PMid:38253786.

Del’Aguila-Silva P, Santos FC, Santos VJC, Simões APR, Uscategui RAR, Padilha-Nakaghi LC, Feliciano 
MAR. B-mode ultrasound and ecobiometric parameters to assess embryonic and fetal development 
and estimate gestational age in goats. Theriogenology. 2021;175:123-33. https://doi.org/10.1016/j.
theriogenology.2021.09.002. PMid:34544011.

https://doi.org/10.1111/rda.13500
https://pubmed.ncbi.nlm.nih.gov/31240745
https://pubmed.ncbi.nlm.nih.gov/31240745
https://doi.org/10.1590/1984-3143-ar2020-0025
https://pubmed.ncbi.nlm.nih.gov/35712445
https://doi.org/10.1016/j.anifeedsci.2024.116049
https://doi.org/10.3390/ani12202853
https://pubmed.ncbi.nlm.nih.gov/36290241
https://doi.org/10.1530/REP-24-0317
https://pubmed.ncbi.nlm.nih.gov/39665647
https://doi.org/10.21451/1984-3143-AR999
https://doi.org/10.3389/fvets.2023.1236542
https://pubmed.ncbi.nlm.nih.gov/37727773
https://pubmed.ncbi.nlm.nih.gov/37727773
https://doi.org/10.1007/s11250-017-1329-1
https://pubmed.ncbi.nlm.nih.gov/28608308
http://doi.org/10.58292/ct.v11.9497
https://doi.org/10.1095/biolreprod.104.036277
https://pubmed.ncbi.nlm.nih.gov/15744026
https://doi.org/10.1590/1984-3143-ar2022-0117
https://pubmed.ncbi.nlm.nih.gov/38148928
https://doi.org/10.1007/s11250-024-03898-z
https://pubmed.ncbi.nlm.nih.gov/38253786
https://doi.org/10.1016/j.theriogenology.2021.09.002
https://doi.org/10.1016/j.theriogenology.2021.09.002
https://pubmed.ncbi.nlm.nih.gov/34544011


Reproductive effect of glycerin supply in FTAI protocol for meat goats

Anim Reprod. 2026;23(3):e20250061 14/16

Evans ACO, Flynn JD, Quinn KM, Duffy P, Quinn P, Madgwick S, Crosby TF, Boland MP, Beard AP. Ovulation of 
aged follicles does not affect embryo quality or fertility after a 14-day progestagen estrus synchronization 
protocol in ewes. Theriogenology. 2001;56(5):923-36. https://doi.org/10.1016/S0093-691X(01)00619-7. 
PMid:11665893.

Fernandes VP No, Silva MNN, Costa AS, Kunkel D, Júnior AS, Feitosa LCS, Muratori MCS, Costa APR. ACE 
inhibition in goats under fixed‐time artificial insemination protocol increases the pregnancy rate and twin 
births. Reprod Domest Anim. 2018a;53(4):1006-8. https://doi.org/10.1111/rda.13180. PMid:29638045.

Fernandes CCL, Aguiar LH, Calderón CEM, Silva AM, Alves JPM, Rossetto R, Bertolini LR, Bertolini M, Rondina D. 
Nutritional impact on gene expression and competence of oocytes used to support embryo development 
and livebirth by cloning procedures in goats. Anim Reprod Sci. 2018b;188:1-12. https://doi.org/10.1016/j.
anireprosci.2017.10.012. PMid:29233618.

Fioravanti RS Fo, Rebelo LR, Zanchetin M, Silva AS, de Paula NF, Zervoudakis JT, da Silva Cabral L, Galati 
RL. Partial replacement of corn grain with levels of crude glycerin on feed intake, digestibility, ruminal 
fermentation, nitrogen utilization, and performance of feedlot lambs. Trop Anim Health Prod. 
2024;56(9):401. https://doi.org/10.1007/s11250-024-04245-y. PMid:39641857.

Ginther OJ, Kot K. Follicular dynamics during the ovulatory season in goats. Theriogenology. 1994;42(6): 
987-1001. https://doi.org/10.1016/0093-691X(94)90121-X. PMid:16727603.

Gore DLM, Mburu JN, Okeno TO, Muasya TK. Short-term oestrous synchronisation protocol following single 
fixed-time artificial insemination and natural mating as alternative to long-term protocol in dairy goats. 
Small Rumin Res. 2020;192:106207. https://doi.org/10.1016/j.smallrumres.2020.106207.

Guo YX, Duan CH, Hao QH, Liu YQ, Li T, Zhang YJ. Effect of short-term nutritional supplementation on hormone 
concentrations in ovarian follicular fluid and steroid regulating gene mRNA abundances in granulosa cells of 
ewes. Anim Reprod Sci. 2019;211:106208. https://doi.org/10.1016/j.anireprosci.2019.106208. PMid:31785624.

Hashemi M, Safdarian M. Efficiency of different methods of estrus synchronization followed by fixed time 
artificial insemination in Persian downy does. Anim Reprod. 2018;14(2):413-7. https://doi.org/10.21451/1984-
3143-AR825.

Hayes E, Winston N, Stocco C. Molecular crosstalk between insulin‐like growth factors and follicle‐
stimulating hormone in the regulation of granulosa cell function. Reprod Med Biol. 2024;23(1):e12575. 
https://doi.org/10.1002/rmb2.12575. PMid:38571513.

Hervieu J, Morand-Fehr P, Schmidely P, Fedele V, Delfa R. Mesures anatomiques permettant d’expliquelre 
les variations des notes sternales, lombaires et caudales utilisées pour estimer l’état corporel des 
chèvres laitières. Options Méditerr. 1991;(13):43-56.

Holtz W, Sohnrey B, Gerland M, Driancourt MA. Ovsynch synchronization and fixed-time insemination 
in goats. Theriogenology. 2008;69(7):785-92. https://doi.org/10.1016/j.theriogenology.2007.10.004. 
PMid:18336894.

Kaewlamun W, Grimard B, Duvaux-Ponter C, Ponter AA. Kick-starting ovarian cyclicity by using dietary 
glucogenic precursors in post-partum dairy cows: a review. Int J Vet Sci Med. 2020;8(1):39-48. 
https://doi.org/10.1080/23144599.2020.1773188. PMid:32953874.

Kakar MA, Maddocks S, Lorimer MF, Kleemann DO, Rudiger SR, Hartwich KM, Walker SK. The effect of 
peri-conception nutrition on embryo quality in the superovulated ewe. Theriogenology. 2005;64(5): 
1090-103. https://doi.org/10.1016/j.theriogenology.2004.12.017. PMid:16125553.

Kharayat NS, Parameshwarappa MA, Ramdas GA, Bisht D, Gautam S, Singh SK, Krishnaswamy N, Chand 
K, Rialch A, Chandra P, Kumar B. Anti-Mullerian hormone profile and its association with ovarian 
parameters in the Chaugarkha goat. Small Rumin Res. 2024;230:107165. https://doi.org/10.1016/j.
smallrumres.2023.107165.

Kleemann DO, Kelly JM, Foyster KM, Swinbourne AM, Weaver AC, Walker SK. Effects of short and long–term 
nutrition and progesterone supplementation on the success of fixed–time artificial insemination in the 
ewe. Anim Reprod Sci. 2024; 265, 107477. https://doi.org/10.1016/j.anireprosci.2024.107477.

Luo J, Wang W, Sun S. Research advances in reproduction for dairy goats. Asian-Australas J Anim Sci. 
2019;32(8 Suppl):1284-95. https://doi.org/10.5713/ajas.19.0486. PMid:31357269.

Mach N, Bach A, Devant M. Effects of crude glycerin supplementation on performance and meat quality 
of holstein bulls fed high-concentrate diets. J Anim Sci. 2009;87(2):632-8. https://doi.org/10.2527/
jas.2008-0987. PMid:18952726.

Martemucci G, D’Alessandro AG. Induction/synchronization of oestrus and ovulation in dairy goats with 
different short term treatments and fixed time intrauterine or exocervical insemination system. Anim 
Reprod Sci. 2011;126(3-4):187-94. https://doi.org/10.1016/j.anireprosci.2011.05.011. PMid:21741783.

Menchaca A, Rubianes E. Relation between progesterone concentrations during the early luteal phase 
and follicular dynamics in goats. Theriogenology. 2002;57(5):1411-9. https://doi.org/10.1016/S0093-
691X(02)00638-6. PMid:12054200.

https://doi.org/10.1016/S0093-691X(01)00619-7
https://pubmed.ncbi.nlm.nih.gov/11665893
https://pubmed.ncbi.nlm.nih.gov/11665893
https://doi.org/10.1111/rda.13180
https://pubmed.ncbi.nlm.nih.gov/29638045
https://doi.org/10.1016/j.anireprosci.2017.10.012
https://doi.org/10.1016/j.anireprosci.2017.10.012
https://pubmed.ncbi.nlm.nih.gov/29233618
https://doi.org/10.1007/s11250-024-04245-y
https://pubmed.ncbi.nlm.nih.gov/39641857
https://doi.org/10.1016/0093-691X(94)90121-X
https://pubmed.ncbi.nlm.nih.gov/16727603
https://doi.org/10.1016/j.smallrumres.2020.106207
https://doi.org/10.1016/j.anireprosci.2019.106208
https://pubmed.ncbi.nlm.nih.gov/31785624
https://doi.org/10.21451/1984-3143-AR825
https://doi.org/10.21451/1984-3143-AR825
https://doi.org/10.1002/rmb2.12575
https://pubmed.ncbi.nlm.nih.gov/38571513
https://doi.org/10.1016/j.theriogenology.2007.10.004
https://pubmed.ncbi.nlm.nih.gov/18336894
https://pubmed.ncbi.nlm.nih.gov/18336894
https://doi.org/10.1080/23144599.2020.1773188
https://pubmed.ncbi.nlm.nih.gov/32953874
https://doi.org/10.1016/j.theriogenology.2004.12.017
https://pubmed.ncbi.nlm.nih.gov/16125553
https://doi.org/10.1016/j.smallrumres.2023.107165
https://doi.org/10.1016/j.smallrumres.2023.107165
https://doi.org/10.1016/j.anireprosci.2024.107477
https://doi.org/10.5713/ajas.19.0486
https://pubmed.ncbi.nlm.nih.gov/31357269
https://doi.org/10.2527/jas.2008-0987
https://doi.org/10.2527/jas.2008-0987
https://pubmed.ncbi.nlm.nih.gov/18952726
https://doi.org/10.1016/j.anireprosci.2011.05.011
https://pubmed.ncbi.nlm.nih.gov/21741783
https://doi.org/10.1016/S0093-691X(02)00638-6
https://doi.org/10.1016/S0093-691X(02)00638-6
https://pubmed.ncbi.nlm.nih.gov/12054200


Reproductive effect of glycerin supply in FTAI protocol for meat goats

Anim Reprod. 2026;23(3):e20250061 15/16

Menchaca A, Rubianes E. New treatments associated with timed artificial insemination in small ruminants. 
Reprod Fertil Dev. 2004;16(4):403-13. https://doi.org/10.1071/RD04037. PMid:15315739.

Mo D, Zeng ZH, Sui X, Li R, Yang YH. Role of glucose metabolism and signaling pathways at different 
stages of ovarian folliculogenesis. Reprod Dev Med. 2024;8(02):111-20. https://doi.org/10.1097/
RD9.0000000000000079.

Murugavel K, Yániz JL, Santolaria P, López-Béjar M, López-Gatius F. Prostaglandin based estrus synchronization 
in postpartum dairy cows: an update. J Appl Res Vet Med [Internet]. 2003 [cited 2025 May 15];1(1): 
51-65. Available from: https://www.jarvm.com/articles/Vol1Iss1/LOPEZDJVM.htm.

Nakafeero A, Hassen A, Lehloenya KC. Investigation of ram effect and eCG usage in progesterone based 
oestrous synchronization protocols on fertility of ewes following fixed time artificial insemination. Small 
Rumin Res. 2020;183:106034. https://doi.org/10.1016/j.smallrumres.2019.106034.

National Research Council. Nutrient requirements of small ruminants: sheep, goats, cervids, and new 
world camelids. Washington: The National Academies Press; 2007.

Oliveira FBB, Silva CP, Fernandes CCL, Sousa FC, Silva AM, Pinheiro DCN. Ovarian follicular growth in 
Morada Nova sheep supplemented with crude glycerin before mating. Rev Acadêmica Ciência Anim. 
2017;14:235. https://doi.org/10.7213/academica.14.2016.26.

Piau TB, de Queiroz Rodrigues A, Paulini F. Insulin-like growth factor (IGF) performance in ovarian 
function and applications in reproductive biotechnologies. Growth Horm IGF Res. 2023;72-73:101561. 
https://doi.org/10.1016/j.ghir.2023.101561. PMid:38070331.

Pisani LF, Antonini S, Pocar P, Ferrari S, Brevini TA, Rhind SM, Gandolfi F. Effects of pre-mating nutrition on 
mRNA levels of developmentally relevant genes in sheep oocytes and granulosa cells. Reproduction. 
2008;136(3):303-12. https://doi.org/10.1530/REP-07-0394. PMid:18515315.

Rahbar B, Taghizadeh A, Paya H, Kia HD. Conjugated linoleic acid (CLA) supplementation effects on 
performance, metabolic parameters and reproductive traits in lactating Holstein dairy cows. Vet Res 
Forum. 2021;12(3):297-304. https://doi.org/10.30466/vrf.2019.104234.2475. PMid:34815840.

Ramos AF, Silva BDM. Hormonal protocols in small ruminants. In: Bergstein-Galan TG, editor. Reproduction 
biotechnology in farm animals  [Internet]. Telangana: Avid Science; 2018  [cited 2025 May 15]. 
p. 138-154. Available from: https://www.alice.cnptia.embrapa.br/alice/bitstream/doc/1095058/1/
HormonalProtocolsinSmallRuminants.pdf.

Rawan AF, Langar H, Munetomo M, Yamamoto Y, Kawano K, Kimura K. Effects of insulin-like growth factor-1 
on the mRNA expression of estradiol receptors, steroidogenic enzymes, and steroid production in 
bovine follicles. J Reprod Dev. 2023;69(6):337-46. https://doi.org/10.1262/jrd.2023-047. PMid:37940556.

Rocha CC, Martins T, Mello BP, de Mello GD, Motta IG, Lemes KM, et al. Comparing the effect of estradiol 
benzoate and 17β-estradiol plus progesterone on follicular turnover and development, and pregnancy 
outcomes in a timed artificial insemination protocol. Theriogenology. 2022;192:73-80. https://doi.
org/10.1016/j.theriogenology.2022.08.033. PMid:36063672.

Rodrigues FV, Silva CMG, Lima IMT, Silva AM, Fernandes CCL, Rondina D. Effect of oral drenching of 
glycerin as a source of pre-mating energetic supplementation on reproductive response in goats. 
Anim Reprod [Internet]. 2015 [cited 2025 May 15];12(4):890-8. Available from: https://www.animal-
reproduction.org/journal/animreprod/article/5b5a602df7783717068b45f5.

Sakaguchi K, Yanagawa Y, Yoshioka K, Suda T, Katagiri S, Nagano M. Relationships between the antral follicle 
count, steroidogenesis, and secretion of follicle-stimulating hormone and anti-Müllerian hormone 
during follicular growth in cattle. Reprod Biol Endocrinol. 2019;17(1):88. https://doi.org/10.1186/
s12958-019-0534-3. PMid:31690325.

Silva BR, Silva JR. Mechanisms of action of non-enzymatic antioxidants to control oxidative stress during in 
vitro follicle growth, oocyte maturation, and embryo development. Anim Reprod Sci. 2023;249:107186. 
https://doi.org/10.1016/j.anireprosci.2022.107186. PMid:36638648.

Silva CP, Fernandes CCL, Alves JPM, de Oliveira FBB, Silva AM, Souza FC, Cavalcante CM, Conde AJF, do Rego 
AC, Rondina D. Effect of short-term glycerin supplementation on follicle dynamics and pregnancy rate 
in goats. Ruminants. 2023;3(4):445-56. https://doi.org/10.3390/ruminants3040036.

Silveira DC, Vargas SF Jr, Oliveira FC, Barbosa RM, Knabah NW, Goularte KL, Vieira AD, Baldassarre H, Gasperin 
BG, Mondadori RG, Lucia T Jr. Pharmacological approaches to induce follicular growth and ovulation 
for fixed-time artificial insemination treatment regimens in ewes. Anim Reprod Sci. 2021;228:106734. 
https://doi.org/10.1016/j.anireprosci.2021.106734. PMid:33780710.

Sotgiu FD, Porcu C, Pasciu V, Dattena M, Gallus M, Argiolas G, Berlinguer F,Molle G. Towards a sustainable 
reproduction management of dairy sheep: glycerol-based formulations as alternative to ecg in 
milked ewes mated at the end of anoestrus period. Animals. 2021;11(4):922. https://doi.org/10.3390/
ani11040922. PMid:33805051.

https://doi.org/10.1071/RD04037
https://pubmed.ncbi.nlm.nih.gov/15315739
https://doi.org/10.1097/RD9.0000000000000079
https://doi.org/10.1097/RD9.0000000000000079
https://doi.org/10.1016/j.smallrumres.2019.106034
https://doi.org/10.7213/academica.14.2016.26
https://doi.org/10.1016/j.ghir.2023.101561
https://pubmed.ncbi.nlm.nih.gov/38070331
https://doi.org/10.1530/REP-07-0394
https://pubmed.ncbi.nlm.nih.gov/18515315
https://doi.org/10.30466/vrf.2019.104234.2475
https://pubmed.ncbi.nlm.nih.gov/34815840
https://doi.org/10.1262/jrd.2023-047
https://pubmed.ncbi.nlm.nih.gov/37940556
https://doi.org/10.1016/j.theriogenology.2022.08.033
https://doi.org/10.1016/j.theriogenology.2022.08.033
https://pubmed.ncbi.nlm.nih.gov/36063672
https://doi.org/10.1186/s12958-019-0534-3
https://doi.org/10.1186/s12958-019-0534-3
https://pubmed.ncbi.nlm.nih.gov/31690325
https://doi.org/10.1016/j.anireprosci.2022.107186
https://pubmed.ncbi.nlm.nih.gov/36638648
https://doi.org/10.3390/ruminants3040036
https://doi.org/10.1016/j.anireprosci.2021.106734
https://pubmed.ncbi.nlm.nih.gov/33780710
https://doi.org/10.3390/ani11040922
https://doi.org/10.3390/ani11040922
https://pubmed.ncbi.nlm.nih.gov/33805051


Reproductive effect of glycerin supply in FTAI protocol for meat goats

Anim Reprod. 2026;23(3):e20250061 16/16

Souza AL, Galeati G, Almeida AP, Arruda IJ, Govoni N, Freitas VJF, Rondina D. Embryo production 
in superovulated goats treated with insulin before or after mating or by continuous propylene 
glycol supplementation. Reprod Domest Anim. 2008;43(2):218-21. https://doi.org/10.1111/j.1439-
0531.2007.00881.x. PMid:18325008.

Stelletta C, Tekin K, Tirpan MB, Alemdar H, Cil B, Stelletta FO, Olgac KT, Inanc ME, Daskin A. Vulvar thermal 
pattern following synchronization of estrus is linked to fertility after timed artificial insemination in goat. 
Theriogenology. 2017;103:137-42. https://doi.org/10.1016/j.theriogenology.2017.07.038. PMid:28783590.

Teixeira A, Joy M, Delfa R. In vivo estimation of goat carcass composition and body fat partition by real-time 
ultrasonography. J Anim Sci. 2008;86(9):2369-76. https://doi.org/10.2527/jas.2007-0367. PMid:18469057.

Vasconcelos JLM, Pereira MHC, Wiltbank MC, Guida TG, Lopes FR Jr, Sanches CP Jr, Barbosa LFSP, Costa WM, 
Munhoz AK. Evolution of fixed-time AI in dairy cattle in Brazil. Anim Reprod. 2018;15(Suppl 1):940-51. 
https://doi.org/10.21451/1984-3143-AR2018-0020. PMid:36249843.

Viñoles C, Forsberg M, Banchero G, Rubianes E. Effect of long-term and short-term progestagen treatment 
on follicular development and pregnancy rate in cyclic ewes. Theriogenology. 2001;55(4):993-1004. 
https://doi.org/10.1016/S0093-691X(01)00460-5. PMid:11291921.

Wang Y, Duan C, Guo Y, Li J, He H, Li R, Zhang Y,Liu Y. Effects of glucose on glycolysis and steroidogenesis 
as well as related gene expression in ovine granulosa cells in vitro. Small Rumin Res. 2022;215:106766. 
https://doi.org/10.1016/j.smallrumres.2022.106766.

Wondim B, Taye M, Alemayehu K, Rouatbi M, Getachew T, Haile A, Rekik M. The efficiency of estrus 
synchronization protocols and artificial insemination in the Abergelle goat on-station and on-farm 
conditions of Northern Ethiopia. J Appl Anim Res. 2022;50(1):518-25. https://doi.org/10.1080/097121
19.2022.2108815.

Zhang QL, Wang Y, Liu JS, Du YZ. Effects of hypercaloric diet-induced hyperinsulinemia and hyperlipidemia 
on the ovarian follicular development in mice. J Reprod Dev. 2022;68(3):173-80. https://doi.org/10.1262/
jrd.2021-132. PMid:35236789.

Author contributions

CPS: Investigation, Writing—original draft; CCLF: Supervision, Investigation, Methodology, Writing—original draft; AJHC: Writing—original draft; CMC: Writing—
original draft; FBBO: Investigation; SGN: Resources, Investigation, Methodology; JPMA: Writing—original draft; DIAT: Resources; DR: Conceptualization, Funding 
acquisition, Formal analysis, Supervision, and Writing—original draft. All the authors have read and agreed to the published version of the manuscript.

https://doi.org/10.1111/j.1439-0531.2007.00881.x
https://doi.org/10.1111/j.1439-0531.2007.00881.x
https://pubmed.ncbi.nlm.nih.gov/18325008
https://doi.org/10.1016/j.theriogenology.2017.07.038
https://pubmed.ncbi.nlm.nih.gov/28783590
https://doi.org/10.2527/jas.2007-0367
https://pubmed.ncbi.nlm.nih.gov/18469057
https://doi.org/10.21451/1984-3143-AR2018-0020
https://pubmed.ncbi.nlm.nih.gov/36249843
https://doi.org/10.1016/S0093-691X(01)00460-5
https://pubmed.ncbi.nlm.nih.gov/11291921
https://doi.org/10.1016/j.smallrumres.2022.106766
https://doi.org/10.1080/09712119.2022.2108815
https://doi.org/10.1080/09712119.2022.2108815
https://doi.org/10.1262/jrd.2021-132
https://doi.org/10.1262/jrd.2021-132
https://pubmed.ncbi.nlm.nih.gov/35236789

