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Highlights

Prepartum gluconeogenic precursor supplementation aids during high-demand periods.

Prepartum propylene glycol (PG) reduced blood β- hydroxybutyrate (BHB) during lambing.

Prepartum calcium propionate (CP) reduces blood BHB during lambing.

Prepartum PG or CP supplementation increased lamb weight at 10 days postpartum.

Romanov ewes adapt to energy deficits and meet demands with low body condition scores.

Abstract

This study evaluated the effect of short-term prepartum supplementation of ewes with two 

gluconeogenic precursors propylene glycol (PG) and calcium propionate (CP) in the Chilean drylands 

with a Mediterranean climate. We started with 22 adult Romanov ewes with a low body condition score 

and synchronized in estrus. After pregnancy diagnosis, we selected 18 ewes with two or three gestations 

and randomly assigned them to three groups: the control group (CG; n = 6), the PG group (n = 6), and the 

CP group (n = 6). We supplemented the PG and CP groups for 10 days before the estimated lambing 

date. We measured the β-hydroxybutyrate (BHB), non-esterified fatty acids (NEFA), and glucose plasma 

levels as well as the body condition score (BCS) at 3 timepoints: 10 days before lambing, right after 
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lambing, and day 10 postpartum. In addition, we weighed the lambs at birth and on day 10 postpartum. 

The BHB level right after lambing decreased in the PG and CP groups compared with the CG (P < 0.05). 

The NEFA level did not vary between the groups at the different timepoints. The glucose level increased 

approximately 2–3-fold (P < 0.05) in all ewes after lambing and decreased on day 10 postpartum, but 

there were no significant differences between the PG and CP groups (p > 0.05). In addition, the BCS did 

not differ between the groups at any time point (P > 0.05). The weight of the lambs on day 10 postpartum 

increased significantly (P < 0.05) in the PG and CP groups compared with the CG. In addition, the mean 

daily weight gain was approximately 50% higher in the PG and CP groups compared with the CG (P < 

0.05). Based on these findings, short-term prepartum supplementation with PG or CP reduced the BHB 

level in ewes with a low BCS and multifetal gestations during lambing and improved the lamb weight on 

day 10 postpartum. Therefore, the administration of these additives could be a useful strategy in sheep 

under feed restrictions in the Chilean drylands with a Mediterranean climate at times of high nutritional 

requirements.

Key words: Multiparous ewe. Propylene glycol. Calcium propionate. Metabolism. Reproductive 

performance.

Resumo

Este estudo avaliou o efeito da suplementação pré-parto a curto prazo com dois precursores 

gliconeogênicos: propilenoglicol e propionato de cálcio, através de indicadores metabólicos e 

desempenho reprodutivo de ovelhas com múltiplos fetos e baixa condição corporal durante os últimos 

10 dias de gestação e seus cordeiros no Mediterrâneo seco do Chile. Foram utilizadas 22 ovelhas 

Romanov adultas com baixa condição corporal, sincronizadas em estro. Após diagnóstico de gestação, 

18 ovelhas com gestações duplas ou triplas foram selecionadas e distribuídas aleatoriamente em três 

grupos: controle (CG; n=6), propilenoglicol (PG; n=6) e propionato de cálcio (CP; n=6). A suplementação 

foi realizada nos grupos PG e CP durante 10 dias antes da data estimada de parto. A concentração 

de ß-hidroxibutirato (BHB), ácidos graxos não esterificados (AGNE), glicose sanguínea e a escore de 

condição corporal (ECC) foram avaliadas em três momentos: 10 dias antes do parto, logo após o parto e 

10 dias pós-parto. Os cordeiros foram pesados ao nascimento e no 10º dia pós-parto. O estudo revelou 

que as concentrações de BHB logo após o parto nos grupos PG e CP diminuíram em comparação 

com o CG (p < 0,05). As concentrações plasmáticas de AGNE não variaram entre os tratamentos nos 

diferentes momentos. A glicose plasmática aumentou aproximadamente 2-3 vezes (P<0,05) em todas 

as ovelhas após o parto e diminuiu nos 10 dias pós-parto, sem diferenças significativas entre os grupos 

suplementados (P>0,05). Não houve diferenças significativas no ECC das ovelhas em todos os grupos 

em qualquer momento (P>0,05). O peso dos cordeiros no 10º dia pós-parto aumentou significativamente 

(P < 0,05) nos grupos PG e CP em comparação ao controle. O ganho de peso diário foi aproximadamente 

50% maior nos grupos PG e CP comparado ao CG (P < 0,05). Com base nesses achados, a suplementação 

pré-parto a curto prazo com PG ou CP reduz a concentração de BHB durante o parto e melhora o peso 

dos cordeiros no 10º dia pós-parto, em ovelhas multíparas com baixa condição corporal. Portanto, a 

administração desses aditivos pode ser uma estratégia útil em ovelhas sob restrição alimentar em 

regiões secas centrais do Chile com clima mediterrâneo, em momentos de altos requisitos nutricionais.

Palavras-chave: Ovelhas multíparas. Propilenoglicol. Propionato de cálcio. Metabolismo. Desempenho 

reprodutivo.
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impossible to cover the nutritional and energy 
requirements of sheep, especially during the 
last third of gestation, when energy demand 
increases (Dønnem et al., 2020). A negative 
energy balance (NEB) leads to a large amount 
of body fat mobilization and, consequently, 
elevated ketone production, resulting in 
metabolic diseases such as ketosis and fatty 
liver (Kalyesubula et al., 2019). 

About 80% of fetal growth occurs 
during the last 6 weeks of gestation (Robinson 
et al., 1999). For this reason, in ewes, 
inadequate nutrition during the last third 
of gestation negatively affects productive 
indicators such as the body condition 
score (BCS) and the birth weight of lambs, 
and increases the mortality rate of lambs 
(Ahmadzadeh et al., 2020; Paganoni et al., 
2014). Furthermore, as the number of fetuses 
increases, metabolic demands increase and 
thus affect the maternal plasma metabolite 
profile (Moallem et al., 2012), increasing 
the risk of hypoglycemia, hypocalcemia, 
and hyperketonemia (Rook, 2000). The high 
energy demand in the last third of gestation 
decreases glucose and insulin levels and 
increases β-hydroxybutyrate (BHB) and non-
esterified fatty acid (NEFA) levels in ewes 
with four fetuses compared with ewes with 
only one fetus (Moallem et al., 2012). 

One strategy to mitigate the negative 
effects associated with a low nutritional status 
at strategic physiological times in ruminants 
is the use of gluconeogenic precursors with 
specific administration protocols (Alon et al., 
2020). Precursor treatments can increase 
plasma glucose, decrease lipolysis, and 
reduce the BHB level (Herdt & Emery, 1992). 
Propylene glycol (PG) and calcium propionate 
(CP) are orally administered precursors 
that have been used to correct metabolic 

Introduction

The soil plays a fundamental role in the 
sustainability and resilience of Mediterranean 
climate ecosystems. It acts as a reservoir 
for the limited water resources that are 
available in these regions for the growth of 
the plant species on which agricultural and 
livestock activities are based (Comino et 
al., 2016). However, water scarcity has been 
accentuated in recent decades due to climate 
change, which has caused a significant 
decrease in the production of plant biomass, 
and with it the delivery of organic matter to 
the soil by plants, reducing its capacity to 
retain water (García-Ruiz et al., 2013). This 
phenomenon has also led to the appearance 
of bare soil (without vegetation cover) and 
thus to erosion, which facilitates the advance 
of desertification and the loss of soil fertility, 
endangering the viability of agricultural 
systems in this type of climate. Therefore, soil 
degradation is the most limiting factor in the 
establishment and development of pastures: 
It affects livestock productivity in drylands 
with a Mediterranean climate (Committee on 
Nutrient Requirements of Small Ruminants, 
2007).

Sheep production is very important 
in the Chilean drylands with a Mediterranean 
climate. Climate change has resulted in a water 
deficit in about 49% of the total area of these 
soils (Santibáñez, 2016). This situation has 
negatively affected the productive potential 
of the land: There has been increased erosion 
and the advance of desertification with 
loss of grassland and a marked decrease 
in the sustainability of these territories for 
the development and function of sheep 
production (Infante, 2013; Rivera & Arnould, 
2020). The low availability of forage makes it 
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problems in sheep, as they have glucogenic 
and antiketogenic effects (Ahmadzadeh-
Gavahan et al., 2021; Mendoza-Martínez et 
al., 2015). They act as substrates in hepatic 
gluconeogenesis, causing a rapid and 
sustained increase in blood glucose (Nielsen 
& Ingvartsen, 2004) and reducing the BHB 
and NEFA levels (Alon et al., 2020).

PG supplementation in ewes on 
restricted diets can increase the average 
daily weight gain and weaning weight of lambs 
(Ahmadzadeh et al., 2020). Administration of 
PG during the third trimester of gestation in 
ewes with 60% nutrient restriction resulted 
in heavier lambs compared with the group 
that did not receive supplementation 
(Ahmadzadeh-Gavahan et al., 2023). CP is a 
good source of energy to prevent metabolic 
disorders. It increases the concentration of 
propionate in the rumen, which is the main 
precursor required for glucose synthesis in the 
liver (Aiello et al., 1989). CP supplementation 
affects glucose flux (Sano & Fujita, 2006), 
fat deposition, and muscle growth in sheep 
(Moloney, 1998). CP supplementation in 
primiparous females during late gestation 
and early lactation significantly improves 
body weight, decreases NEFA and BHB, and 
increases glucose and insulin concentrations 
(Abdel-Latif et al., 2016).

Despite what has been described 
in the literature, there is little information 
available on the relative benefits of PG and 
CP supplementation in multiparous ewes 
with a low nutritional status. Thus, the present 
study evaluated the short-term effect of PG 
or CP supplementation, specifically during 
the last 10 days of gestation, in ewes with 
a low BCS and carrying multiple fetuses in 
the Chilean drylands with a Mediterranean 
climate. This endeavor involved measuring 

metabolic and reproductive indicators of the 
ewes and assessing the weight of the lambs 
born to the ewes.

Materials and Methods

Animals and experimental design

This study was carried out on a 
commercial farm located in the dry land 
area of Pumanque, Chile (34°6'26.57"S, 
W71°44'1.03"W). All animal management 
and sampling procedures were conducted 
in accordance with the guidelines approved 
by the Scientific Ethics Committee of 
Universidad Santo Tomás, Chile (26-19). The 
experimental group comprised 22 healthy 
Romanov ewes at reproductive age (2–4 
years). The sample size was calculated based 
on Alon et al. (2020). Non-pregnant and non-
lactating ewes were maintained separately 
from males, and with low body condition 
(1.5–2.5 on a scale from 1 to 5; (Russel, 1984). 
The synchronization and supplementation 
treatments were carried out during the 
breeding (March; 4–30°C) and non-breeding 
seasons (July–August; 8–14°C), respectively. 
The ewes were fed a diet based on direct 
grazing on natural Mediterranean pastures, 
with no additional supplementation, and 
water ad libitum.

All ewes were synchronized with 
intravaginal controlled internal drug release 
(CIDR; day -150) devices containing 0.3 g 
of progesterone (CIDR, Inter Ag. Hamilton, 
New Zealand) for 12 days. Subsequently, on 
day -137 andrologically tested rams were 
introduced for natural mating (Figure 1). 
Pregnancy and the number of fetuses were 
determined on the 40th day after mating 
by transabdominal ultrasonography (WED-
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3000V, Shenzhen Well.D Medical Electronics); 
18 ewes bearing at least 2 fetuses were 
identified. These ewes were randomly 

Supplementation

The 18 pregnant ewes were group 
housed in facilities designed for the species 
beginning at 20 days prior to the estimated 
lambing date. Supplementation started with 
a base diet of 2 kg day-1 head-1 of alfalfa 
cubes, distributed between the morning and 
evening, and 300 g day-1 head-1 of oat grains 
in the evening (Table 1). It is recommended 
that in the last third of gestation, ewes with an 
average body weight of 60 kg and gestating 2 

assigned to three groups: the control group 
(CG; n = 6), the PG group (n = 6), and the CP 
group (n = 6).

Figure 1. Schematic of the experimental procedure. Ewes were synchronized with controlled 
internal drug release (CIDR; day -150) and then mated by natural mating on day -138. 
Pregnancy was diagnosed and the number of fetuses quantified on day -98. Ewes with multiple 
fetuses received a basal diet 20 days prior to the estimated day of lambing (day -20) and were 
supplemented with propylene glycol (PG) or calcium propionate (CP) depending on the group 
during the last 10 days of gestation (day -10). The body condition score of the females was 
measured on the day of mating (day -138), day -10, at lambing (day 0), and 10 days postpartum 
(day 10). Blood samples were taken from the females on days -10, 0, and 10 to measure blood 
metabolites. Offspring were weighed on days 0 and 10.

Chile (26-19). The experimental group comprised 22 healthy Romanov ewes at reproductive age (2–4 years). 

The sample size was calculated based on Alon et al. (2020). Non-pregnant and non-lactating ewes were 

maintained separately from males, and with low body condition (1.5–2.5 on a scale from 1 to 5; (Russel, 

1984). The synchronization and supplementation treatments were carried out during the breeding (March; 4–

30°C) and non-breeding seasons (July–August; 8–14°C), respectively. The ewes were fed a diet based on 

direct grazing on natural Mediterranean pastures, with no additional supplementation, and water ad libitum. 

All ewes were synchronized with intravaginal controlled internal drug release (CIDR; day -150) 

devices containing 0.3 g of progesterone (CIDR, Inter Ag. Hamilton, New Zealand) for 12 days. 

Subsequently, on day -137 andrologically tested rams were introduced for natural mating (Figure 1). 

Pregnancy and the number of fetuses were determined on the 40th day after mating by transabdominal 

ultrasonography (WED-3000V, Shenzhen Well.D Medical Electronics); 18 ewes bearing at least 2 fetuses 

were identified. These ewes were randomly assigned to three groups: the control group (CG; n = 6), the PG 

group (n = 6), and the CP group (n = 6). 
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Supplementation 

The 18 pregnant ewes were group housed in facilities designed for the species beginning at 20 days 

prior to the estimated lambing date. Supplementation started with a base diet of 2 kg day-1 head-1 of alfalfa 

cubes, distributed between the morning and evening, and 300 g day-1 head-1 of oat grains in the evening 

(Table 1). It is recommended that in the last third of gestation, ewes with an average body weight of 60 kg 

and gestating 2 fetuses have an intake of at least 2.0 kg of dry matter (DM), with a minimum of 200 g of 

fetuses have an intake of at least 2.0 kg of dry 
matter (DM), with a minimum of 200 g of crude 
protein and 17 MJ of metabolizable energy 
(Committee on Nutrient Requirements of 
Small Ruminants, 2007). Regarding minerals, 
a daily intake of 10 g of calcium and 4 g of 
phosphorus is recommended (Committee on 
Nutrient Requirements of Small Ruminants, 
2007). The diet used in this study satisfied 
the minimum DM requirements of ewes with 
multifetal gestations considering an average 
weight of 60 kg for Romanov ewes.
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Table 1
Ingredients and chemical composition of the basal diets fed to the pregnant ewes

Item Alfalfa cubes Oat grains

Dry matter (% of fresh weight) 88 88

Metabolizable energy (MJ kg-1 of dry matter) 10.6 13.8

Crude protein (g kg-1 of dry matter) 210 119

Calcium (g kg-1 of dry matter) 21 2.1

Phosphorus (g kg-1 of dry matter) 2.8 2.5

Dry matter intake (kg d-1) 2 0.3

Between day -10 (prepartum) and day 
0 (lambing), additional supplementation with 
gluconeogenic precursors was carried out 
in the PG and CP groups, consisting of 100 
mL day-1 animal-1 of 99.8% monopropylene 
glycol (PG USP, Quality Pro, Chile) and 70 
g day-1 animal-1 of 99% CP (Quality Pro), 
respectively, according to manufacturer’s 
instructions. The supplements were mixed 
with alfalfa cubes previously soaked in water 
to ensure proper homogenization of the 
ration. After lambing, all ewes were housed 
for 10 days together with their offspring and 
received only the base diet (Figure 1; Table 1).

BCS and weight

The BCS of the ewes was measured 
at mating and on days -10, 0, and 10, using a 
5-point scale (Russel, 1984). The body weight 
of the lambs was measured at birth and on 
day 10 with a digital hanging scale.

Blood sampling and laboratorial analysis

Jugular vein blood 
samples were collected in 10-mL 
ethylenediaminetetraacetic acid (EDTA) 
vacutainer tubes on days -10, 0, and 10 
(Figure 1). The samples were centrifuged at 
room temperature for 15 min at 3500 rpm; 
then, plasma was collected and stored at 
-20°C for subsequent assays. The BHB, 
NEFA, and glucose levels were measured 
using commercial enzymatic colorimetric 
kits (respectively: Ranbut®, Randox, UK; 
NEFA Assay®, Randox; Glucose-Liquiform®, 
Labtest, Brazil). All samples were evaluated 
in duplicates. The intra-assay coefficient of 
variation was < 5% for BHB, < 3.5% for NEFA, 
and 1.25% for glucose.
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Data analysis

The data were analyzed using 
SPSS Statistics version 18 (SPSS Inc., 
USA). The Shapiro–Wilk test was used to 
determine whether the data followed a 
normal distribution. The differences in blood 
biochemical metabolites and hormones, 
BCS, and body weight between groups 
were analyzed with a repeated-measures 
analysis of variance (ANOVA). The Benjamini–
Hochberg post hoc test was used to 
determine significant differences between 
the groups (GC, PG, and CP) on different days. 
The association between blood metabolites 
and the BCS of the ewe and the lamb body 
weight on days 0 and 10 were analyzed using 
Pearson correlation coefficients. Statistical 
significance was set at P < 0.05. All results are 
expressed as the arithmetic mean ± standard 
error.

Results and Discussion

Ewe blood metabolites

Figure 2 presents the BHB, NEFA, and 
glucose plasma levels in the ewes. The BHB 
level decreased during lambing in the PG 
(0.31 ± 0.08 mmol L-1) and CP (0.29 ± 0.06 
mmol L-1) groups compared with the CG (0.64 
± 0.08 mmol L-1; P < 0.05). The NEFA level did 
not vary between the groups on days -10, 0, 
and 10 (P > 0.05). However, the total NEFA 
level during the supplementation days was 
higher in the PG group (0.23 ± 0.10 mmol L-1) 
compared with the CG and the CP group (0.15 
± 0.08 mmol L-1; P < 0.05). The NEFA level 
remained at physiological concentrations 
throughout the prepartum supplementation 
(< 0.45 mmol L-1; Nozière et al., 2000; 
Patterson et al., 1964). The glucose level 
increased approximately 2–3-fold (P < 0.05) 
in all ewes at lambing and then decreased 
during the next 10 days of lactation (Figure 2). 
The glucose level was not affected by short-
term prepartum supplementation of PG or 
CP (P > 0.05). The glucose levels correlated 
negatively with the BHB levels on days -10 
and 0 (r = -0.6; P < 0.05), but not on day 10.
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Figure 2. The effect of short-term prepartum supplementation with propylene glycol (PG) or 
calcium propionate (CP) on β-hydroxybutyrate (BHB), non-esterified fatty acid (NEFA), and 
glucose (GLU) plasma levels in ewes with multifetal gestations and a low body condition score. 
CG = control group. Each group included 6 ewes. a b Means with different superscripts indicate 
a significant difference between the treatments.
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Ewe and lamb performance 

Table 2 shows the evolution of the BCS of the ewes from the time of placement to day 10 

postpartum. There were no significant differences between the groups at any time point (P > 0.05). The mean 

BCS in all groups remained consistently below the minimum recommended for finishing (3.5) and for the 

last third of gestation, parturition, and early lactation (3.0). These results demonstrate that the diet provided 

did not meet the nutritional requirements for the ewes with multifetal gestations in the last third of gestation, 

which is consistent with the experimental design proposed in this study. 

 

Table 2 
Effect of short-term prepartum supplementation with propylene glycol or calcium propionate on the 
body condition score of ewes with multifetal gestations and the body weight of lambs 
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Ewe and lamb performance

Table 2 shows the evolution of the 
BCS of the ewes from the time of placement 
to day 10 postpartum. There were no 
significant differences between the groups 
at any time point (P > 0.05). The mean BCS 
in all groups remained consistently below 
the minimum recommended for finishing 

(3.5) and for the last third of gestation, 
parturition, and early lactation (3.0). These 
results demonstrate that the diet provided 
did not meet the nutritional requirements for 
the ewes with multifetal gestations in the last 
third of gestation, which is consistent with 
the experimental design proposed in this 
study.

The number and weight of the lambs 
per group measured on days 0 and 10 in 
each treatment group are also shown in Table 
2. In all groups, the lamb weight increased 
significantly between day 0 and day 10 
(P < 0.05; Table 2). Short-term prepartum 
supplementation with PG and CP significantly 
(P < 0.05; Table 2) increased the lamb weights 
by 1.4 and 1.3 times, respectively, compared 
with the CG on day 10. There was no 

Table 2
Effect of short-term prepartum supplementation with propylene glycol or calcium propionate on the 
body condition score of ewes with multifetal gestations and the body weight of lambs

Item
Treatment

P-valueControl 
group

Propylene 
glycol

Calcium 
propionate

Body condition score of the 
ewes

Mating 2.25 ± 0.5a 2.50 ± 0.61a 2.17 + 0.29a > 0.05

Day -10 prepartum 1.88 ± 0.48a 2.50 ± 0.71a 1.83 ± 0.29a > 0.05

Day 0 (lambing) 1.75 ± 0.5a 2.14 ± 0.55a 1.83 ± 0.29a > 0.05

Day 10 postpartum 2.00 ± 0.0a 2.14 ± 0.55a 1.83 ± 0.29a > 0.05

Number of lambs 15 18 12

Birth weight (kg) 2.48 ± 0.39a 3.32 ± 0.77a 2.70 ± 0.40a > 0.05

Weight at 10 days old (kg) 3.99 ± 0.63a 5.60 ± 0.89b 5.11 ± 1.34b < 0.05

Average daily weight gain (kg) 0.15 ± 0.04a 0.23 ± 0.08b 0.24 ± 0.12b < 0.05

Each group included 6 ewes.
a b c Means within the same column with different superscripts are significantly different.

significant difference between the CP and PG 
groups on days 0 and 10 (P > 0.05; Table 2). 
Supplementation with either precursor also 
resulted in an average daily weight gain that 
was approximately 50% greater than the CG 
(P < 0.05; Table 2). The interactions between 
the ewe BCS and lamb weight correlated 
positively and significantly with the lamb 
birth weight (r = 0.4; P < 0.05) and the lamb 
weight on day 10 (r = 0.7; P < 0.05).
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The high energy demand during late 
gestation in ewes generates an NEB, which 
is related to the high glucose demands of 
the fetoplacental unit (Alon et al., 2020). This 
is why inadequate nutrition in ewes directly 
impacts the survival rate of lambs, negatively 
affecting their birth weight (Paganoni et al., 
2014). In ewes, an NEB can be evidenced 
through metabolic indicators, including the 
NEFA level and the presence of ketone bodies 
such as BHB in the blood (Roche et al., 2009). 
PG and CP are used in ruminants because 
of their gluconeogenic effect: They favor 
glucose production in the liver and regulating 
ketogenesis (El-Kasrawy et al., 2020). 

In this study, we examined the short-
term effects of PG or CP supplementation 
in ewes with multifetal gestations and a low 
BCS. We found that supplementation of ewes 
with a low BCS with PG or CP during the 10 
days prior to lambing significantly decreased 
the BHB plasma level during lambing (P < 
0.05; Figure 2), similarly to what has been 
described in the literature (Ahmadzadeh-
Gavahan et al., 2021; Alon et al., 2020). The 
effects of PG at lambing on ketosis could 
be explained by reduced adipose tissue 
mobilization and ketone body formation 
(Kalyesubula et al., 2019). On the other hand, 
CP functions as a primary precursor for 
hepatic glucose synthesis (Kennedy et al., 
2021). A reduction in the BHB plasma level 
in the CP group during lambing could be 
explained by the metabolism of propionate 
to glucose, which decreases fat mobilization 
either by providing glucose or by stimulating 
pancreatic insulin secretion (de Souza 
Guagnini et al., 2017). The gluconeogenic 
potential of each supplement counteracts the 
effects of NEB and ketosis that occurs in the 

last third of gestation in ewes, when energy 
needs are not met by the diet (Ahmadzadeh-
Gavahan et al., 2021).

These results agree with the observed 
glucose levels, which increased during 
lambing in all groups (Figure 2). However, 
short-term prepartum supplementation 
with PG or CP did not have a sustained 
effect over time on the metabolic status 
of the ewes under the conditions of this 
trial. Indeed, they presented an NEB during 
the lactation period, after 10 days without 
ingesting the supplement. Factors such as 
the dose, duration of treatment, method 
of administration, and timing of blood 
sampling may explain these results (Nielsen 
& Ingvartsen, 2004). In contrast, the ewes 
continued to have a high glucose plasma 
level during the first 10 days of lactation 
(Figure 2).

It has been widely described in the 
literature that in ruminants, an increase in 
the BHB blood level above physiological 
concentrations is indicative of an NEB, a 
situation commonly associated with late 
pregnancy and early lactation, especially in 
animals with nutritional restricted or multifetal 
gestations (Cal-Pereyra et al., 2015; Cárcamo 
et al., 2019; Pesántez-Pacheco et al., 2019). 
Therefore, we expected the BHB level to be 
above the ovine physiological range (< 0.7 
mmol L-1) (Ramin et al., 2007) at the beginning 
of the trial for the three groups, and there 
were no differences between the groups (P 
> 0.05).

The plasma NEFA level increases 
gradually as pregnancy progresses, peaks 
at lambing, and then decreases gradually 
(Moallem et al., 2012; Patterson et al., 1964). 
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On the contrary, we found no variation in the 
NEFA level in our ewes. The NEFA level is 
usually maintained at < 0.45 mmol L-1 (Nozière 
et al., 2000; Patterson et al., 1964), and this 
was the case for our study, even though the 
treated ewes had a low BCS (1.5–2.5 on a 
5-point scale scale) and multifetal gestations. 
Moallem et al. (2012) measured metabolic 
parameters during the prepartum period 
in properly fed ewes gestating 1–4 fetuses. 
In females with four fetuses, the NEFA level 
increased until week 4 prepartum, but then 
remained constant until lambing, even 
though the BHB level continued to increase. 
The authors proposed that the cessation of 
the NEFA increase was due to a depletion 
of body reserves earlier in pregnancy to 
allocate glucose for fetal growth. This 
phenomenon could explain the behavior 
of the NEFA level during our experiment. A 
higher prepartum NEFA level, although not 
significant, demonstrates the high energy 
demand and higher fat mobilization during 
the prepartum period compared with the 
postpartum period, similarly to what has 
been reported in the literature (Karagiannis 
et al., 2014; Petterson et al., 1994).

Glucose is considered to be the main 
substrate of fetal metabolism. The energy 
requirement for the fetoplacental unit can 
be as much as 45% of the maternal glucose 
supply and 72% of the maternal amino acid 
supply (Bell & Ehrhardt, 2002). The increase in 
energy requirements at the end of gestation 
is because about 85% of fetal growth occurs 
during the last 6 weeks (Robinson, 1999; 
Rook, 2000). The increased fetal demand can 
be so great that during late gestation, the 
energy requirements of ewes increase up to 
150% in single gestations and up to 200% in 

double gestations relative to the maintenance 
requirements (Rook, 2000). An increase in 
total fetal body mass in ewes with multifetal 
gestations increases the glucose demand. 
Consequently, ewes with twin pregnancies 
have a glucose plasma level that is 30% 
lower than in ewes with a single fetus during 
late gestation (Edwards & McMillen, 2002). In 
addition, in lactating ewes, glucose is used to 
synthesize milk lactose, and if nutrient intake 
during this phase is not sufficient, then blood 
glucose tends to decrease (Antunović et al., 
2011).

The ewes we selected for our study 
presented a low BCS (Table 2), which could be 
directly related to the amount of fat reserves 
available (Kenyon et al., 2014) and the feed 
supplied (Table 1). In prior studies, ewes with 
evident malnutrition, with a BCS of 1.5–2.5, 
had a low glucose plasma level (Caldeira et 
al., 2007; Hu et al., 1990). However, despite 
the low BCS and multifetal gestations of our 
ewes, their glucose plasma level was within 
the physiological range for the species (25–
70 mg dL-1) (Alonso et al., 1997; Kaufman & 
Bergman, 1974). Furthermore, our results 
contradict those reported in the literature: 
There was no decrease in the glucose plasma 
level at day 10 (Figure 2).

Our results could be associated with 
the rusticity of the breed we used in this 
study. The Romanov breed is known for its 
ability to adapt to extreme environments 
(Korkmaz & Emsen, 2016; Ricordeau et 
al., 1990), which may explain its ability to 
maintain a physiological glucose plasma 
level despite a low BCS. Studies have shown 
that the Romanov breed may have a greater 
ability to mobilize and oxidize fatty acids 
during periods of an NEB compared with 
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other sheep breeds (Bahnamiri et al., 2018). 
This suggests that even with a low BCS 
and multifetal gestations, Romanov ewes 
have the physiological ability to adapt to an 
NEB and to meet nutrient demands during 
gestation and lactation. Lamb mortality is 
known to increase with the number of fetuses 
per ewe (Thomson et al., 2004). However, 
lower mortality of Romanov lambs compared 
with other breeds has been demonstrated, 
especially because of their high maternal 
ability and capacity to nurse two or three 
lambs (Ricordeau et al., 1990). Thus, for the 
same type of lambing or weight, Romanov 
lambs have higher viability compared with 
that of other breeds or crossbreeds.

Ewes with a low BCS during the last 
third of gestation, associated with an NEB, 
have smaller lambs (i.e., a lower birth weight) 
compared with a positive energy balance 
(Azambuja Ribeiro et al., 2021; Pesántez-
Pacheco et al., 2019). Therefore, there is a 
close relationship between the level of ewe 
nutrition during this period and lamb birth 
weight (Osgerby et al., 2002). We found that 
short-term prepartum supplementation with 
PG or CP significantly increased lamb weight 
at day 10 postpartum compared with the 
CG (P < 0.05). These results coincide with 
significant improvements in the weight of 
the lambs and a reduction in the mortality 
rate based on PG (Ahmadzadeh-Gavahan 
et al., 2023) or CP (Lee-Rangel et al., 2012) 
supplementation compared with the 
respective control groups. However, the 
importance of our study is that we evaluated 
ewes with multifetal gestations, which imply 
different physiological conditions compared 
with single gestations (Smith et al., 2009; 
Thomson et al., 2004).

Conclusions

Short-term prepartum supplementation 
with PG or CP could be a useful strategy to 
deal with the higher nutritional restrictions 
of sheep herds in central dryland areas at 
times of high nutritional requirements. We 
demonstrated that short-term prepartum 
supplementation with PG or CP in ewes 
with a low BCS decreased the BHB plasma 
level during lambing and increased the 
lamb weight at day 10 postpartum. The 
glucose level was not affected by short-term 
prepartum supplementation with PG or CP. 
The importance of these results lies in the 
economic feasibility of their implementation 
in production systems, unlike other studies in 
which the supplementation was administered 
for prolonged periods, resulting in a higher 
cost. In addition, this study demonstrates the 
high adaptive capacity of Romanov ewes to 
feed restriction, managing to cover nutrient 
demands during gestation and lactation, 
despite their low body condition.

Acknowledgements

This work was supported by 
Universidad Santo Tomás Chile and 
TECNOVIS Ltda.

References

Abdel-Latif, M. A., EL-Gohary, E. S., Gabr, 
A. A., El-Hawary, A. F., Ahmed, S. A., 
Ebrahim, S. A., & Fathala, M. M. (2016). 
Impact of supplementing propylene 
glycol and calcium propionate to 
primiparous buffalo cows during the 



Effect of short-term prepartum supplementation with propylene glycol and...

561Semina: Ciênc. Agrár. Londrina, v. 46, n. 2, p. 549-566, mar./abr. 2025

late gestation and early lactation 
period on reproductive performance 
and metabolic parameters. Alexandria 
Journal for Veterinary Sciences, 51(1). 
doi: 10.5455/ajvs.240341   

Ahmadzadeh, L., Hosseinkhani, A., 
Taghizadeh, A., Ghasemi-Panahi, 
B., & Hamidian, G. (2020). Effect of 
late gestational feed restriction and 
glucogenic precursor on behaviour and 
performance of Ghezel ewes and their 
offspring. Applied Animal Behaviour 
Science, 23, 105030. doi: 10.1016/j.
applanim.2020.105030

Ahmadzadeh-Gavahan, L., Hosseinkhani, 
A., Palangi, V., & Lackner, M. (2023). 
Supplementary feed additives can 
improve lamb performance in terms 
of birth weight, body size, and survival 
rate. Animals, 13(6), 993. doi: 10.3390/
ani13060993

Ahmadzadeh-Gavahan, L., Hosseinkhani, 
A., Taghizadeh, A., Ghasemi-Panahi, B., 
Hamidian, G., Cheraghi-Saray, S., & Vakili, 
A. (2021). Impact of supplementing feed 
restricted ewes’ diet with propylene 
glycol, monensin sodium and rumen-
protected choline chloride during 
late pregnancy on blood biochemical 
indices, body condition score and 
body weight. Animal Feed Science and 
Technology, 273, 114801. doi: 10.1016/j.
anifeedsci.2020.114801

Aiello, R., Armentano, L., Bertics, S., & Murphy, 
A. (1989). Volatile fatty acid uptake and 
propionate metabolism in ruminant 
hepatocytes. Journal of Dairy Science, 
72(4), 942-949. doi: 10.3168/jds.s0022-
0302(89)79187-6

Alon, T., Rosov, A., Lifshitz, L., Dvir, H., 
Gootwine, E., & Moallem, U. (2020). The 
distinctive short-term response of late-
pregnant prolific ewes to propylene 
glycol or glycerol drenching. Journal of 
Dairy Science, 103(11), 10245-10257. 
doi: 10.3168/jds.2020-18227

Alonso, A. J., Teresa, R. de, García, M., González, 
J. R., & Vallejo, M. (1997). The effects of 
age and reproductive status on serum 
and blood parameters in Merino breed 
sheep. Journal of Veterinary Medicine 
Series A, 44(1-10), 223-231. doi: 
10.1111/j.1439-0442.1997.tb01104.x   

Antunović, Z., Novoselec, J., Šperanda, M., 
Vegara, M., Pavić, V., Mioč, B., & Djidara, 
M. (2011). Changes in biochemical and 
hematological parameters and metabolic 
hormones in Tsigai ewes blood in the 
first third of lactation. Archives Animal 
Breeding, 54(5), 535-545. doi: 10.5194/
aab-54-535-2011

Azambuja Ribeiro, E. L. de, Castro, F. A. B. de, 
Bumbieris, V. H., Jr., Prado-Calixto, O. P., 
Silva, L. D. D. F. da, Pena, A. F., & González-
García, E. (2021). Body condition 
score at lambing and performance 
of Santa Inês ewes with an offspring 
during lactation. Semina Ciências 
Agrárias, 42(2), 809-826. doi: 10.5433/ 
1679-0359.2021v42n2p809

Bahnamiri, H. Z., Ganjkhanlou, M., Zali, 
A., Sadeghi, M., & Shahrbabak, H. M. 
(2018). Association between plasma 
metabolites and insulin sensitivity 
indexes in fat-tailed and thin-tailed lambs 
during negative and positive energy 
balances. Iranian Journal of Veterinary 
Medicine, 12(3), 259-271. doi: 10.22059/
ijvm.2017.235952.1004818



Gómez-Ceruti, M. et al.

562 Semina: Ciênc. Agrár. Londrina, v. 46, n. 2, p. 549-566, mar./abr. 2025

Bell, A. W., & Ehrhardt, R. A. (2002). Regulation 
of placental nutrient transport and 
implications for fetal growth. Nutrition 
Research Reviews, 15(2), 211-230. doi: 
10.1079/nrr200239

Caldeira, R., Belo, A., Santos, C., Vazques, M., 
& Portugal, A. (2007). The effect of long-
term feed restriction and over-nutrition on 
body condition score, blood metabolites 
and hormonal profiles in ewes. Small 
Ruminant Research, 68(3), 242-255. doi: 
10.1016/j.smallrumres.2005.08.026   

Cal-Pereyra, L., Benech, A., González-
Montaña, J., Acosta-Dibarrat, J., Silva, 
S. da, & Martín, A. (2015). Changes 
in the metabolic profile of pregnant 
ewes to an acute feed restriction 
in late gestation. New Zealand 
Veterinary Journal, 63(3), 141-146. doi: 
10.1080/00480169.2014.971083   

Cárcamo, J. G., Arias-Darraz, L., Alvear, C., 
Williams, P., & Gallardo, M. A. (2019). 
Effect of diet and type of pregnancy on 
plasma metabolic response in sheep and 
its further effect on lamb performance. 
Tropical Animal Health and Production, 
51(7), 1943-1952. doi: 10.1007/s11250-
019-01893-3    

Comino, J. R., Iserloh, T., Morvan, X., Issa, O. 
M., Naisse, C., Keesstra, S., Cerdà, A., 
Prosdocimi, M., Arnáez, J., Lasanta, T., 
Ramos, M., Marqués, M., Colmenero, M. 
R., Bienes, R., Sinoga, J. R., Seeger, M., 
& Ries, J. (2016). Soil erosion processes 
in European vineyards: a qualitative 
comparison of rainfall simulation 
measurements in Germany, Spain and 
France. Hydrology, 3(1), 6. doi: 10.3390/
hydrology3010006  

Committee on Nutrient Requirements 
of Small Ruminants (2007). Nutrient 
requirements of small ruminants: sheep, 
goats, cervids, and new world camelids. 
National Academies Press.

de Souza Guagnini, F., Pineda, A., Gonçalves, 
R. S., DalPizzol, L., Driemeier, D., Gonzalez, 
F., & Cardoso, F. C (2017). The effect of 
early postpartum oral drench solution on 
blood β-hydroxybutyrate concentration, 
milk yield, and milk composition in 
holstein cows. Journal of Dairy and 
Veterinary Sciences, 1(1), 555554: doi: 
10.19080/jdvs.2017.01.555554.

Dønnem, I., Granquist, E., Nadeau, E., & Randby, 
Å. (2020). Effect of energy allowance to 
triplet-bearing ewes in late gestation 
on ewe performance, lamb viability, and 
growth. Livestock Science, 237, 104027. 
doi: 10.1016/j.livsci.2020.104027

Edwards, L., & McMillen, I. (2002). Impact 
of maternal undernutrition during the 
periconceptional period, fetal number, 
and fetal sex on the development of 
the hypothalamo-pituitary adrenal axis 
in sheep during late gestation. Biology 
of Reproduction, 66(5), 1562-1569. doi: 
10.1095/biolreprod66.5.1562

El-Kasrawy, N. I., Swelum, A. A., Abdel-Latif, 
M. A., Alsenosy, A. E. A., Beder, N. A., 
Alkahtani, S., Abdel-Daim, M. M., & El-
Aziz, A. H. A. (2020). Efficacy of different 
drenching regimens of gluconeogenic 
precursors during transition period 
on body condition score, production, 
reproductive performance, subclinical 
ketosis and economics of dairy cows. 
Animals, 10(6), 937. doi: 10.3390/
ani10060937



Effect of short-term prepartum supplementation with propylene glycol and...

563Semina: Ciênc. Agrár. Londrina, v. 46, n. 2, p. 549-566, mar./abr. 2025

García-Ruiz, J. M., Nadal-Romero, E., Lana-
Renault, N., & Beguería, S. (2013). 
Erosion in Mediterranean landscapes: 
changes and future challenges. 
Geomorphology, 198, 20-36. doi: 
10.1016/j.geomorph.2013.05.023   

Herdt, T. H., & Emery, R. S. (1992). Therapy 
of diseases of ruminant intermediary 
metabolism. Veterinary Clinics of 
North America Food Animal Practice, 
8(1), 91-106. doi: 10.1016/s0749-
0720(15)30761-1

Hu, G., McCutcheon, S. N., Parker, W. J., & Walsh, 
P. A. (1990). Blood metabolite levels in 
late pregnant ewes as indicators of their 
nutritional status. New Zealand Journal 
of Agricultural Research, 33(1), 63-68. 
doi: 10.1080/00288233.1990.10430661

Infante, F. (2013). The role of community 
values and social capital in combating 
soil degradation in Central Chile dryland 
region. The 3rd World Sustainability 
Forum. 

Kalyesubula, M., Rosov, A., Alon, T., Moallem, 
U., & Dvir, H. (2019). Intravenous infusions 
of glycerol versus propylene glycol for the 
regulation of negative energy balance in 
sheep: a randomized trial. Animals, 9(10), 
731. doi: 10.3390/ani9100731

Karagiannis, I., Panousis, N., Kiossis, E., 
Tsakmakidis, I., Lafi, S., Arsenos, 
G., Boscos, C., & Brozos, C. (2014). 
Associations of pre-lambing 
body condition score and serum 
β-hydroxybutyric acid and non-
esterified fatty acids concentrations 
with periparturient health of Chios 
dairy ewes. Small Ruminant Research, 
120(1), 164-173. doi: 10.1016/j.
smallrumres.2014.05.001

Kaufman, C., & Bergman, E. (1974). 
Renal ketone body metabolism and 
gluconeogenesis in normal and 
hypoglycemic sheep. American Journal 
of Physiology, 226(4), 827-832. doi: 
10.1152/ajplegacy.1974.226.4.827   

Kennedy, K. M., Donkin, S. S., & Allen, M. S. 
(2021). Effect of uncouplers of oxidative 
phosphorylation on metabolism of 
propionate in liver explants from dairy 
cows. Journal of Dairy Science, 104(3), 
3018-3031. doi: 10.3168/jds.2020-19 
536

Kenyon, P., Maloney, S., & Blache, D. (2014). 
Review of sheep body condition 
score in relation to production 
characteristics. New Zealand Journal of 
Agricultural Research, 57(1), 38-64. doi: 
10.1080/00288233.2013.857698

Korkmaz, M. K., & Emsen, E. (2016). Growth 
and reproductive traits of purebred and 
crossbred Romanov lambs in Eastern 
Anatolia. Animal Reproduction, 13(1), 
3-6. doi: 10.4322/1984-3143-ar722  

Lee-Rangel, H. A., Mendoza, G. D., & González, 
S. S. (2012). Effect of calcium propionate 
and sorghum level on lamb performance. 
Animal Feed Science and Technology, 
177(3-4), 237-241. doi: 10.1016/j. 
anifeedsci.2012.08.012

Mendoza-Martínez, G. D., Pinos-Rodríguez, J. 
M., Lee-Rangel, H. A., Hernández-García, 
P. A., Rojo-Rubio, R., & Relling, A. (2015). 
Effects of dietary calcium propionate 
on growth performance and carcass 
characteristics of finishing lambs. 
Animal Production Science, 56(7), 1194. 
doi: 10.1071/an14824



Gómez-Ceruti, M. et al.

564 Semina: Ciênc. Agrár. Londrina, v. 46, n. 2, p. 549-566, mar./abr. 2025

Moallem, U., Rozov, A., Gootwine, E., & Honig, 
H. (2012). Plasma concentrations of key 
metabolites and insulin in late-pregnant 
ewes carrying 1 to 5 fetuses. Journal of 
Animal Science, 90(1), 318-324. doi: 10. 
2527/jas.2011-3905   

Moloney, A. (1998). Growth and carcass 
composition in sheep offered 
isoenergetic rations which resulted 
in different concentrations of ruminal 
metabolites. Livestock Production 
Science, 56(2), 157-164. doi: 10.1016/
s0301-6226(98)00191-2

Nielsen, N., & Ingvartsen, K. (2004). Propylene 
glycol for dairy cows. Animal Feed Science 
and Technology, 115(3-4), 191-213. doi: 
10.1016/j.anifeedsci.2004.03.008

Nozière, P., Rémond, D., Bernard, L., & Doreau, 
M. (2000). Effect of underfeeding 
on metabolism of portal-drained 
viscera in ewes. British Journal of 
Nutrition, 84(6), 821-828. doi: 10.1017/
s0007114500002439

Osgerby, J., Wathes, D., Howard, D., & 
Gadd, T. (2002). The effect of maternal 
undernutrition on ovine fetal growth. 
Journal of Endocrinology, 173(1), 131-
141. doi: 10.1677/joe.0.1730131

Paganoni, B. L., Ferguson, M. B., Kearney, G. 
A., & Thompson, A. N. (2014). Increasing 
weight gain during pregnancy results in 
similar increases in lamb birthweights 
and weaning weights in Merino and non-
Merino ewes regardless of sire type. 
Animal Production Science, 54(6), 727-
735. doi: 10.1071/an13263  

Patterson, D. S. P., Burns, K. N., Cunningham, 
N. F., Hebert, C. N., & Saba, N. (1964). 

Plasma concentrations of glucose and 
non-esterified fatty acids (N.E.F.A.) in 
the pregnant and lactating ewe and the 
effect of dietary restriction. The Journal 
of Agricultural Science, 62(2), 253-262. 
doi: 10.1017/s0021859600060883

Pesántez-Pacheco, J. L., Heras-Molina, 
A., Torres-Rovira, L., Sanz-Fernández, 
M. V., García-Contreras, C., Vázquez-
Gómez, M., Feyjoo, P., Cáceres, E., Frías-
Mateo, M., Hernández, F., Martínez-Ros, 
P., González-Martin, J. V., González-
Bulnes, A., & Astiz, S. (2019). Influence 
of maternal factors (weight, body 
condition, parity, and pregnancy rank) on 
plasma metabolites of dairy ewes and 
their lambs. Animals, 9(4), 122-141 doi: 
10.3390/ani9040122   

Petterson, J. A., Slepetis, R., Ehrhardt, 
R. A., Dunshea, F. R., & Bell, A. W. 
(1994). Pregnancy but not moderate 
undernutrition attenuates insulin 
suppression of fat mobilization in sheep. 
Journal of Nutrition, 124(12), 2431-2436. 
doi: 10.1093/jn/124.12.2431

Ramin, A. G., Siamak, A. R., & Macali, S. A. (2007). 
Evaluation on serum glucose, BHB, urea 
and cortisol concentrations in pregnant 
ewes. Medycyna Weterynaryjna, 63(6), 
674-677. http://agro.icm.edu.pl/agro/ 
element/bwmeta1.element.agro-article-
26959dfb-15d1-47fc-a1c3-

Ricordeau, G., Thimonier, J., Poivey, J., 
Driancourt, M., Hochereau-De-Reviers, 
M., & Tchamitchian, L. (1990). I.N.R.A. 
research on the Romanov sheep 
breed in France: a review. Livestock 
Production Science, 24(4), 305-332. doi: 
10.1016/0301-6226(90)90009-u



Effect of short-term prepartum supplementation with propylene glycol and...

565Semina: Ciênc. Agrár. Londrina, v. 46, n. 2, p. 549-566, mar./abr. 2025

Rivera, J. A., & Arnould, G. (2020). Evaluation 
of the ability of CMIP6 models to simulate 
precipitation over Southwestern South 
America: climatic features and long-
term trends (1901–2014). Atmospheric 
Research, 241(2020), 104953. doi: 
10.1016/j.atmosres.2020.104953

Robinson, J. J., Sinclair, K. D., & McEvoy, T. 
G. (1999). Nutritional effects on foetal 
growth. Animal Science, 68(2), 315-331. 
doi: 10.1017/s1357729800050323

Roche, J., Friggens, N., Kay, J., Fisher, M., 
Stafford, K., & Berry, D. (2009). Invited 
review: body condition score and its 
association with dairy cow productivity, 
health, and welfare. Journal of Dairy 
Science, 92(12), 5769-5801. doi: 
10.3168/jds.2009-2431

Rook, J. S. (2000). Pregnancy toxemia of 
ewes, does, and beef cows. Veterinary 
Clinics of North America Food Animal 
Practice, 16(2), 293-317. doi: 10.1016/
s0749-0720(15)30107-9

Russel, A. (1984). Body condition scoring 
of sheep. In Practice, 6(3), 91-93. doi: 
10.1136/inpract.6.3.91

Sano, H., & Fujita, T. (2006). Effect of 
supplemental calcium propionate 
on insulin action to blood glucose 
metabolism in adult sheep. Annales de 
Biologie Animale Biochimie Biophysique, 
46(1), 9-18. doi: 10.1051/rnd:2005064

Santibáñez, F. (2016). El cambio climático y 
los recursos hídricos de Chile. ODEPA.

Smith, N., McAuliffe, F., Quinn, K., Lonergan, 
P., & Evans, A. (2009). Transient high 
glycaemic intake in the last trimester 
of pregnancy increases offspring 
birthweight and postnatal growth rate in 
sheep: a randomised control trial. BJOG, 
116(7), 975-983. doi: 10.1111/j.1471-
0528.2009.02149.x

Thomson, B., Muir, P., & Smith, N. (2004). Litter 
size, lamb survival, birth and twelve 
week weight in lambs born to cross-bred 
ewes. Proceedings of the New Zealand 
Grassland Association, 66(2004), 233-
237. doi: 10.33584/jnzg.2004.66.2532




