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Blood glucose concentration in highly prolific sows before

farrowing: Its relationship with parity and litter size

Preechaphon Taechamaeteekul! Silvia Comencini? Fabio De Rensis?

Roberta Saleri* Padet Tummaruk.3*

Abstract

Farrowing is an energy-demanding period for prolific sows, with blood glucose levels serving as key indicators
affecting farrowing outcomes and piglet survival. This study aimed to evaluate blood glucose levels in prolific sows
prior to farrowing, assess the prevalence of hypoglycemia in late gestation, and investigate the relationship between
blood glucose levels, parity, and litter size under tropical conditions. A total of 67 Danish Landrace x Yorkshire sows
were grouped based on litter size (6-14, 15-17, or 218 piglets) and parity (2-4 and 5-6). To determine glucose levels,
blood samples were collected at 115.8 + 1.6 days of gestation, at 30 and 480 min after the last feeding before farrowing,
and analyzed using a glucometer. On average, blood glucose concentrations decreased from 84.4 £2.9 mg/dl at 30 min
after feeding to 72.6 £2.1 mg/dl at 480 min after feeding (P <0.001). Sows of parities 5-6 tended to have lower blood
glucose levels than those of parities 2-4 (P = 0.081). In the 30-min group, sows with 218 piglets per litter had significantly
lower blood glucose levels than those with 6-14 piglets (P = 0.020). In conclusion, this study offers a practical method
to assess blood glucose in late-gestation sows. Glucose declined post-feeding, with older sows and those carrying >18
piglets showing lower levels and higher hypoglycemia risk. Pre-farrowing monitoring may help identify at-risk sows
and guide management to prevent complications.
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Introduction

Farrowing is a critical period for sows, requiring
substantial physiological adjustments to ensure the
well-being of both the mother and her piglets (Muns
and Tummaruk, 2016; Adi et al., 2024b). Highly prolific
sows in tropical climates, which produce an average of
17.2 piglets per litter, experience a farrowing duration
of approximately 338.4 * 35.2 min without any
hormonal regulation of the birthing process
(Vongsariyavanich et al., 2021). This duration is notably
longer compared to the 178.0 + 73.5 min observed in
sows with traditional genetics commonly used in the
swine industry over two decades ago (Tummaruk and
Sang-Gassanee, 2013). Consequently, the energy status
of sows before farrowing has become increasingly
crucial. Blood glucose levels serve as a key indicator of
a sow's energy status prior to farrowing. As the
primary energy source, glucose levels are influenced
by factors such as diet, metabolic activity, and
hormonal changes during pregnancy. Monitoring
blood glucose levels before farrowing is essential to
assess the energy needs of sows. In a previous study,
the average blood glucose level in sows before
farrowing was 77.1 £ 19.3 mg/dl, with a range of 27 to
115 mg/dl (Akkhaphan et al., 2024). Importantly, a
positive correlation was observed between blood
glucose concentration and colostrum production in
sows raised under tropical conditions (Akkhaphan et
al., 2024).

The energy demands of sows increase significantly
during late pregnancy due to foetal growth and
preparation for lactation (Theil et al., 2023). This is
particularly critical in modern swine production
systems where highly prolific sows are utilized
(Tummaruk et al., 2023). Adequate glucose levels are
vital to meet these energy requirements (Nielsen et al.,
2021). Energy deficiencies are often associated with
hormonal changes at the end of gestation, which can
affect glucose metabolism (Foisnet et al., 2010). For
example, insulin, the hormone responsible for
regulating blood glucose, may exhibit altered activity,
impacting glucose homeostasis. Insufficient glucose
levels before farrowing can result in poor outcomes,
including low birth weights and higher piglet
mortality rates (Foisnet et al., 2010; Adi et al., 2025).
Conversely, excessively high glucose levels may
indicate stress or metabolic disorders in the sow,
potentially compromising the health of her offspring.
A clinical study further demonstrated that sow energy
status during farrowing significantly influences
farrowing kinetics, the frequency of stillbirths, and the
need for farrowing assistance in highly prolific sows
(Feyera et al., 2018). The study found that when
farrowing commenced within 3.13 h after the last meal,
the average farrowing duration was 3.8 h (Feyera et al.,
2018). However, when farrowing began 8 h after the
last meal, the duration increased to 9.3 h (Feyera et al.,
2018). Additionally, the incidence of stillbirths was low
when farrowing occurred within 3 h of the last meal,
moderate when it began 3-6 h after the last meal, and
high when the interval exceeded 6 h (Feyera et al.,
2018). These findings underscore the critical role of the
interval between the last meal and the onset of
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farrowing in determining farrowing performance in
modern, highly prolific sows.

Several factors influence blood glucose levels in
productive sows, including diet and nutrition, time
since the last meal, stress, and environmental
conditions (Dumniem et al., 2024; Feyera et al., 2018;
Jones, 2023). The type, timing, and composition of feed
play a crucial role in regulating glucose levels
(Dumniem et al., 2024). For example, a previous study
found that sows supplemented with a carbohydrate-
rich diet had higher postprandial glucose and insulin
levels compared to those on other diets (Dumniem et
al., 2024). Additionally, providing carbohydrate-rich
compounds in the diet for 11.8 days before
insemination improved piglet birth weight and
reduced the proportion of piglets weighing less than 1
kg at birth (Dumniem et al., 2024). Proper diet
formulation is essential to prevent excessive
fluctuations in blood glucose levels (Adi et al., 2022).
This is particularly important in modern swine
production, where highly prolific sows are widely
used, with litter sizes reaching up to 24.8 piglets per
litter (Nielsen et al., 2021; Tummaruk et al., 2023).
However, no study to date has explicitly examined the
potential impact of large litter sizes on the risk of
inadequate blood glucose levels in sows before
farrowing. The use of a portable glucometer to
determine blood glucose levels in peripheral blood has
been validated in pigs (Nuntapaitoon et al., 2019) and
applied in previous field studies (Carnevale et al., 2023;
Akkhaphan et al., 2024). However, to our knowledge,
an exact cutoff value for peripheral blood glucose
indicating hypoglycemia in pigs has not been
established. Nonetheless, glucose levels below
70mg/dl are commonly regarded as indicative of
suboptimal metabolic status and may be associated
with prolonged farrowing or reduced colostrum
production (Carnevale et al., 2023; Akkhaphan et al.,
2024; Dumniem et al., 2025b).

Regular monitoring of blood glucose levels in
pregnant sows is critical for the early detection of
abnormalities and timely intervention. Tailoring the
diet to meet the nutritional demands of the sow, while
avoiding significant fluctuations in blood glucose, is
especially important for modern, highly prolific sows
(Theil et al., 2023; Adi et al., 2024b). Achieving this
requires a multifaceted approach that includes
balanced nutrition, effective stress management, and
environmental optimization. Both research and
practical experience continue to highlight the
importance of blood glucose monitoring as a key
component of comprehensive prenatal care in swine
production (Feyera et al., 2018; Nielsen et al., 2021;
Akkhaphan et al., 2024). This study aimed to evaluate
blood glucose levels in prolific sows prior to farrowing,
assess the prevalence of hypoglycemia during late
gestation, and investigate the relationship between
blood glucose levels, parity, and litter size under
tropical conditions.

Materials and Methods

Amnimals: This study was carried out on a commercial
pig farm in Thailand, following standard industry
practices for sow management. The farm complied
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with local legal regulations, with regular health and
welfare monitoring by a veterinarian in accordance
with the farm's protocols. The experimental design and
animal management followed the ethical guidelines for
animal use in research established by the National
Research Council of Thailand. Institutional animal care
and use committee approval was obtained (approval
number 2331034). Data collection was conducted in
March 2024 on a farm located in eastern Thailand,
involving 67 Danish Landrace x Yorkshire sows with
parity numbers ranging from 2 to 6. Blood samples
were collected from clinically healthy multiparous
sows at 115.8+1.6 days of gestation, prior to the
expected farrowing date. All sows were housed
individually in farrowing crates and maintained under
uniform environmental conditions and feeding
schedules. To assess the effect of feeding interval on
blood glucose concentration, sows were randomly
assigned to one of two groups based on the time
elapsed since their last meal: 30 min post-feeding (n =
23) or 480 min (8 h, n = 44) post-feeding. Blood was
collected from the ear vein, and glucose concentrations
were measured immediately using a validated
portable glucometer (Fig. 1). Following farrowing,
sows were classified into subgroups based on the total
number of piglets born per litter: 6-14 (n = 15), 15-17
(n = 16), and =18 (n = 36) piglets. Additionally, sows
were grouped by parity into younger (parity 2-4, n =
28) and older (parity 5-6, n = 39) categories to evaluate
the association between blood glucose concentration,
litter size, and sow parity.

General management and feeding: The sows were
housed in a barn equipped with a standard
evaporative cooling system. Throughout the
experimental period, the barn's internal temperature
fluctuated between 28.2°C and 31.2°C, while relative
humidity ranged from 64.0% to 83.0%. Conventional
artificial insemination was employed for all sows.
During their gestation period, the sows were housed in
individual stalls measuring 1.20 m2. About one week
before their anticipated farrowing date, the gestating
sows were transferred to the farrowing house, where
they were placed in individual farrowing crates
measuring 1.95 x 0.75 m, located in the centre of the
farrowing pens, which measured 2.50 x 3.00 m. The
pens featured a fully slatted design with a concrete
base in the centre for the sows and steel slats on either
side of the farrowing crate for the piglets. A warm
creep area (1.00 x 0.60 m) was set up for the piglets on
one side of the pen, equipped with a heating lamp. This
lamp was activated at night or when temperatures
dropped below 30 °C during the piglets' first week
post-farrowing. Both sows and piglets were given
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unlimited access to water through separate nipple
drinkers designated for each.

Gestating sows were provided food twice daily at
7:00 AM and 3:00 PM according to a consistent feeding
schedule. Initially, the daily feed amounts per sow
across gestation weeks were as follows: 2.2 kg in weeks
1-5, 2.0 kg in weeks 6-11, 3.0 kg in week 12, 3.5 kg in
week 13, 4.0 kg in week 14, and 4.5 kg in week 15,
ensuring their dietary needs were met or surpassed
based on National Research Council (NRC) guidelines
(NRC 2012). The gestation feed composition included
15.9% crude protein, 2975 kcal/kg of metabolizable
energy, and specific percentages of fat, fibre, minerals,
and amino acids. Upon moving to the farrowing house
at 109 + 2 days of gestation, sows were transitioned to
a lactation diet starting with 2.0 kg for 2-3 days pre-
farrowing, featuring slightly different nutritional
content, including 15.7% crude protein and higher fat
and energy levels (Table 1). Post-farrowing, feeding
began at 3.0 kg per day, increasing by 0.5 kg daily until
reaching unlimited access (up to 6.0 kg) by the first
week of lactation, with feeding frequency increased to
four times a day. In the second and third weeks of
lactation, sows had unlimited access to feed, with
average intakes of 7.0 kg and 8.0 kg per day,
respectively.

Blood glucose measurement: A small blood sample
(less than 0.3 ml) was collected from the ear veins of
sows at 30 and 480 min after the morning meal at 7:00
AM (the last feeding before farrowing) on day
115.8+1.6 of gestation. Only sows that farrowed
within 6 h of blood sampling were included in the
study. The final number of sows included was 67.
Blood glucose levels were measured using a portable
glucometer designed to detect concentrations ranging
from 10.8 to 599.4 mg/dl (Accu-Chek® Guide, Roche
Diagnostics GmbH, Mannheim, Germany) (Fig. 1),
which has been validated for use with swine blood
samples (Nuntapaitoon et al., 2019; Akkhaphan et al.,
2024). The method involves applying a drop of blood
to a test strip, requiring approximately 0.6 pL of blood,
with results available within 5 to 10 seconds. Based on
findings from previous field studies (Carnevale et al.,
2023; Akkhaphan et al., 2024), glucose levels below
70mg/dl are commonly considered indicative of
suboptimal metabolic status and may be associated
with prolonged farrowing or reduced colostrum
production. In the present study, sows were further
classified into two groups according to their peripheral
blood glucose levels: <70mg/dl and =70mg/dl.
Reproductive performance was then compared
between these groups.
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Figurel The portable glucometer used to measure blood glucose concentration in sows (Accu-Chek® Guide, Roche Diagnostics
GmbH, Mannheim, Germany).

Table 1 Chemical composition of the gestation and lactation diets (as-fed basis)

Item Type of diet

Gestation feed Lactation feed

Feed allowance (kg/day) 3.0 6.0

Metabolizable energy (kcal/kg) 2975 3120

Crude protein (%) 15.9 15.7

Fat (%) 11 5.4

Fibre (%) 72 45

Calcium (%) 1.1 11

Phosphorus (%) 0.7 0.6

Salt (%) 0.4 0.4

Isoleucine (%) 0.7 0.7

Methionine (%) 0.5 0.6

Threonine 0.7 0.7

Tryptophan 0.2 0.2

Valine 0.8 0.8

Lysine (%) 0.9 1.0

Statistical analyses: The analysis of the data was
conducted using SAS software (version 9.4, SAS
Institute, Cary, NC, USA). Descriptive statistics were
performed to calculate means and standard deviations
(SD) for continuous variables and frequencies for
categorical variables. Continuous variables were
reported as mean = SD, while categorical variables
were expressed as percentages. Variables such as blood
glucose concentration and litter traits were analysed
through multiple analyses of variance (ANOVA) using
the general linear model (GLM) procedure in SAS. The
statistical models accounted for the time interval
between the last meal and blood sample collection (30
and 480 min), total number of piglets born per litter (7-
14,15-17, and 218), parity classes (2-4 and 5-6), as well
as the interactions between total born and time
interval, between parity class and time interval and
between total born and parity class. All interaction
effects were evaluated stepwise, retaining only those
with a significance level of P < 0.20 in the final models.
Consequently, the final statistical model for blood
glucose concentration included only the interactions
between total born and time interval, and between
parity class and time interval, while the interaction
between total born and parity class was excluded.
Least-square means were obtained for each factor's
class, and comparisons were conducted among
different factor subgroups. The Tukey-Kramer test was
employed as a post-hoc analysis to adjust for multiple
comparisons among groups. In addition, reproductive
parameters of sows with hypoglycemia (glucose < 70
mg/dl) were compared to those with normal blood

glucose levels (glucose = 70 mg/dl) prior to farrowing
using the GLM procedure in SAS. The statistical model
included the effects of parity classes (2-4 vs. 5-6) and
blood glucose levels (< 70 vs. > 70 mg/dl). The
interaction between these two factors was tested but
excluded from the final model due to a lack of
significance (P > 0.20). Least-square means for each
class were calculated and compared using the Tukey-
Kramer test.

For categorical data, such as the proportion of sows
with blood glucose concentrations below 70 mg/dl, the
analysis was performed using logistic regression under
the Generalized Linear Mixed Model (GLIMMIX)
procedure in SAS. The statistical model structure was
identical to that used for continuous variables, except
that a binomial distribution was specified. A P value of
less than 0.05 indicated statistical significance in all
tests conducted.

Result

On average, blood glucose concentration in sows at
115.8+1.6 days of gestation was 76.6 +14.8 mg/dl,
with individual values ranging from 26.0 to
127.0mg/dl. A total of 28.4% (19/67) of sows had
blood glucose levels below 70 mg/dl. Mean glucose
concentrations were 84.4 +19.5 mg/dl at 30 min post-
feeding and 72.6 £9.6 mg/dl at 480 min post-feeding
(P <0.001). Fig. 2 shows the frequency distribution of
blood glucose concentrations. At 30 min after feeding,
13.0% of sows had glucose levels below 70 mg/dl,
increasing significantly to 36.4% at 480 min (P = 0.044).
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Descriptive statistics for reproductive performance
are summarized in Table 2. The average total number
of piglets born per litter was 17.8 +4.8, with 16.1 £3.9
liveborn piglets. Notably, 71.6% (48/67) of litters had
216 piglets. The overall stillbirth rate was 6.2%, ranging
from 0 to 35.7% per litter. Stillbirths were frequently
observed, ranging from 0 to 6 piglets per litter. Overall,
55.2% of sows had at least one stillborn piglet, and
16.4% had three or more stillbirths. Mummified fetuses
were present in 31.3% of litters, ranging from 1 to 3 per
litter. Gestation length of sows averaged 117.5+1.4
days, ranging from 114 to 120 days among individuals
(Table 2).

According to the multiple analysis of variance, sow
blood glucose concentration was significantly affected
by the time interval between the last meal and blood
collection (P < 0.001) and by the litter size category
based on the total number of piglets born (P = 0.017).
However, the interactions between the time interval
and litter size category, between parity class and time
interval, and between parity class and litter size
category did not have a significant effect on blood
glucose concentration. Table 3 presents the blood
glucose concentrations and reproductive data of sows
categorized by the time elapsed since feeding. On
average, blood glucose concentrations decreased from
844+29mg/dl at 30 min after feeding to
726 £21mg/dl at 480 min post-feeding (P <0.001).
Similarly, the proportion of sows with blood glucose
levels below 70 mg/dl increased from 13.1% at 30 min
to 36.4% at 480 min post-feeding (P = 0.044). However,
no significant differences were observed in the other
reproductive parameters (Table 3).

Table 4 shows blood glucose concentrations at 30
and 480 min after feeding, along with reproductive
data of sows grouped by total litter size into three
categories: 6-14, 15-17, and 18 or more piglets per
litter. In the 30-min group, sows with >18 piglets per
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litter had significantly lower blood glucose levels
compared to those with 6-14 piglets (P =0.020). Sows
with 15-17 piglets per litter showed a tendency toward
lower blood glucose levels than those with 6-14 piglets
(P=0.062). However, no significant difference was
found between the 15-17 and 218 piglet groups
(P=0.998). At 480 min after feeding, blood glucose
levels did not differ significantly among the litter size
groups (Table 4). Interestingly, 36.4% of sows sampled
480 min after feeding exhibited relatively low blood
glucose concentrations, regardless of litter size (Table
3). Notably, when sows were classified by litter size,
even at 30 min post-feeding, 22.2% of those with litters
of 18 or more piglets already showed low glucose
levels, which increased to 40.7% when the sampling
interval was extended to 480 min (Table 4).

On average, sows of parities 5-6 tended to have
lower blood glucose levels than those of parities 2-4,
with mean values of 77.0£22mg/dl and
83.1+2.6mg/dl, respectively (P=0.081). The
interaction between parity group and time after
feeding was not significant (P = 0.707). However, blood
glucose concentrations significantly declined from 30
to 480 min post-feeding in both parity groups (Fig. 3).

Table 5 presents the reproductive parameters of
sows with hypoglycemia (glucose < 70 mg/dl)
compared to those with normal blood glucose levels
(glucose =70 mg/dl) prior to farrowing. No significant
differences in reproductive performance were
observed between the two groups. However, sows
with hypoglycemia tended to have a higher number of
piglets born alive per litter than those with normal
glucose levels (P = 0.105). The interval from the last
meal to blood collection was significantly longer in
sows with hypoglycemia (P = 0.032). Mean blood
glucose concentrations were 62.0 + 2.7 mg/dl in the
hypoglycemic group and 82.6 + 1.7 mg/dl in the
normoglycemic group (P < 0.001).
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Figure2  Frequency distribution of blood glucose concentration in sows at 115.8 + 1.6 days of gestation in multiparous sows under
a tropical environment.

Table2  Descriptive statistics on reproductive performance of 67 Danish Landrace x Yorkshire crossbred sows. Blood glucose
concentrations were measured at 115.8 £ 1.6 days of gestation, either 30 or 480 min after feeding.

Variables Means + SD Range
Parity number 44+11 2-6
Gestation length (days) 1175+1.4 114 - 120
Total number of piglets born per litter 178 +48 6-28
Number of piglets born alive per litter 16.1+£39 4-22
Mummified foetuses (%) 25+53 0-33.3
Stillborn piglets (%) 62+77 0-357
Blood glucose concentration (mg/dl)

- At 30 min after feeding 84.4+19.5 26 -127

- At 480 min after feeding 72.6+£9.6 39-96

Table 3 Reproductive performance and blood glucose concentrations (least square means + SEM) in sows at 115.8 +1.6 days of
gestation, measured at 30 and 480 min after feeding, prior to farrowing.

Variables Time since feeding (min)! P value
30 480
Gestation length (days) 1181 £0.3 1174 £0.3 0.056
Total number of piglets born per litter 169+1.0 183 +0.7 0.258
Number of piglets born alive per litter 15408 16505 0.307
Mummified foetuses (%) 25+11 26+0.8 0.958
Stillborn piglets (%) 62+1.6 62+12 0.981
Blood glucose concentration (mg/dl) 84.4+29 72.6+2.1°b <0.001
Proportion of sows that had blood glucose level below  13.1% 36.4% 0.044

70 mg/dl (%)

1 This value represents the time interval between the last feeding and the blood sampling, categorized into two time points: 30 min

and 480 min.
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Table 4 Blood glucose concentrations (mg/ dl) and reproductive performance of sows, categorized by total number of piglets born
per litter into three groups: 6-14, 15-17, and 218 piglets (least square means + SEM).

Variables Total number of piglets born per litter

6-14 15-17 218
Number of sows 15 16 36
Gestation length (days) 1181+0.4 1179+04 1172£0.3
At 30 min after feeding
Total number of piglets born per litter 11.0 £1.02 15.8 £0.9° 21.3 £0.8¢
Number of piglets born alive per litter 10.6 £0.92 14.7 £ 0.8v 19.0+0.7¢
Mummified foetuses (%) 57+21 1.0£19 23+1.8
Stillborn piglets (%) 1.8£3.1 56+27 88+25
Blood glucose concentration (mg/ dl) 101.5+5.2a 81.6 +4.6° 79.1+4.3b
Proportion of sows that had blood glucose level below 70 mg/dl 0 125 22.2
(%)
At 480 min after feeding
Total number of piglets born per litter 11.6 £ 0.8 16.0 £0.8° 21.3 £0.5¢
Number of piglets born alive per litter 10.5+0.72 15.8 +0.7° 18.7+ 0.4¢
Mummified foetuses (%) 1.5+18 01+18 36+1.0
Stillborn piglets (%) 54126 14+26 79+15
Blood glucose concentration (mg/ dl) 734+44 721+45 724+25
Proportion of sows that had blood glucose level below 70 mg/dl  11.1 50.0 40.7
(%)

abe Different superscript letters within the same row indicate significant differences (P < 0.05).

Table5  Reproductive parameters of sows with hypoglycemia (glucose < 70 mg/ dl) compared to those with normal blood glucose
levels (glucose = 70 mg/ dl) prior to farrowing.

Variables Blood glucose levels (mg/dl) P value
<70 270

Number of sows 19 48

Gestation length (days) 117.6 £0.2 117.5+£0.3 0.800

Blood glucose concentration (mg/dl) 62.0£272 82.6+1.7° <0.001

Total number of piglets born per litter 187+11 172+0.7 0.239

Number of piglets born alive per litter 172409 155+0.5 0.105

Mummified foetuses (%) 2312 2708 0.780

Stillborn piglets (%) 49+18 6511 0.434

Time since feeding (hours) 6.9+0.8 4.8 +0.5° 0.032

abSuperscripts within a row with different letters indicate a significant difference (P < 0.05).
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Figure3  Blood glucose concentrations in young sows (parities 2-4) and old sows (parities 5-6) at 30 and 480 min after feeding.
ab Different letters within the same parity group indicate significant differences (P < 0.05).

Discussion highly prolific genetics, as evidenced by an average
total of 17.8 piglets born per litter, with the largest litter
reaching 28 piglets. Additionally, 71.6% of the sows
farrowed 16 or more piglets per litter. This is in line
with the genetic potential of the modern sows
currently used in the Thai swine industry (Thongkhuy

With the introduction of genetically enhanced sows
with larger litter sizes, the productivity target for pig
breeding operations has escalated, aiming for 30-40
pigs weaned per sow annually (Tummaruk et al., 2023).
The sows included in the present study were clearly of
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et al., 2020; Vongsariyavanich et al., 2021; Adi et al.,
2024b). However, this increase in litter size has led to a
rise in the occurrence of stillbirths, the length of the
farrowing process, and the need for farrowing
assistance among these modern genetic sows
(Tummaruk, 2013; Udomchanya et al., 2019; Adi et al.,
2024; Wongwaipisitkul et al., 2024), which can
negatively impact the sow's health after giving birth
and become a serious animal welfare issue
(Tummaruk, 2013; Tummaruk and Sang-Gassanee,
2013; Adi et al., 2025). Currently, highly prolific sows,
identified by giving birth to 16 or more piglets per
litter, often experience farrowing lengths exceeding
300 min (QOliviero et al., 2010; Bjérkman et al., 2017;
Vongsariyavanich ef al., 2021; Akkhaphan et al., 2025).
Such extended farrowing durations are linked to an
increased rate of stillbirths (Udomchanya et al., 2019;
Adi et al., 2024a), with both higher stillbirth rates and
longer farrowing periods being more commonly
observed in older sows (Adi et al., 2022; Akkhaphan et
al., 2025). Hypoglycemia in sows prior to farrowing has
been recognized as a major factor contributing to
prolonged farrowing and increased stillbirth rates
(Feyera et al., 2018; Carnevale ef al., 2023). In this study,
28.4% of sows exhibited low blood glucose levels
under field conditions, with individual values ranging
from 26.0 to 127.0 mg/dl. These findings highlight the
relatively high prevalence of hypoglycemia in late-
gestation sows and suggest that monitoring blood
glucose levels may be beneficial for optimizing
peripartum management.

The blood glucose levels observed in this study
were comparable to those reported one hour post-
farrowing (Dumniem et al., 2024), but slightly lower
than those measured after a glucose tolerance test
(Jones, 2023; Theil et al., 2023). These differences may
be attributed to factors such as time since feeding,
analytical method sensitivity, sow parity, and genetic
line. As shown in Table 3, blood glucose levels declined
significantly over time after feeding, with a higher
proportion of sows exhibiting levels below 70 mg/dl at
480 min (36.4%) compared to 30 min post-feeding
(13.1%). This suggests that a notable proportion of
sows may experience hypoglycemia several hours after
feeding, which could reduce energy availability during
the periparturient period. Glucose levels below
70 mg/ dl are often considered indicative of suboptimal
metabolic status and may be linked to prolonged
farrowing or reduced colostrum production
(Carnevale et al., 2023; Akkhaphan et al., 2024). The
decline likely reflects ongoing glucose utilization in the
absence of feed intake, a concern during the energy-
intensive  peri-farrowing phase. Although no
significant differences in reproductive parameters
were observed, this trend highlights the need for closer
monitoring in highly prolific sows with elevated
metabolic demands, as more severe or prolonged
hypoglycemia may negatively impact farrowing
outcomes and colostrum quality (Carnevale et al., 2023;
Akkhaphan et al., 2024).

In the present study, 36.4% of sows sampled 480
min after feeding exhibited low blood glucose
concentrations. At 30 min post-feeding, 22.2% of sows
with litters of 18 or more piglets had glucose levels
below 70 mg/dl, which increased to 40.7% at 480 min.
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In comparison, none of the sows with 6-14 piglets and
only 12.5% of those with 15-17 piglets showed low
glucose levels at 30 min post-feeding. However, by 430
min post-feeding, the proportion of sows with glucose
levels below 70 mg/dl rose to 50.0% in the 15-17 piglet
group, while remaining low at 11.1% in the 6-14 piglet
group. These findings suggest that sows with
extremely large litters may have greater energy
demands that are not met by routine feeding before
farrowing, potentially affecting the farrowing process.
Additionally, the combination of large litter size and a
prolonged interval from the last meal to the onset of
farrowing may increase the risk of hypoglycemia prior
to parturition. In Denmark, Feyera et al. (2018) found
that the time elapsed between the last feeding and the
start of farrowing significantly affects the length of the
farrowing process. Specifically, farrowing that began
within 3.13 h of the last meal lasted an average of 3.8 h.
In contrast, farrowing that started 8 h after the last meal
extended to an average duration of 9.3 h (Feyera et al.,
2018). In addition, the research highlighted a
correlation between the timing of farrowing relative to
the last meal and the stillbirth rate (Feyera et al., 2018).
The lowest stillbirth rate was observed in sows that
began farrowing within 3 h after feeding, while the
highest rate occurred in those that started farrowing
more than 6 h after a meal (Feyera et al., 2018). These
results underscore the crucial influence of feeding on
the farrowing outcomes for highly prolific sows in
temperate climates. Similarly, recent research
conducted in Brazil has revealed a correlation between
the fasting period of sows and their peripheral blood
glucose concentration upon entering farrowing
(Carnevale et al., 2023). There was also a positive
association between blood glucose levels in sows at the
beginning and end of the farrowing process. This
underscores the significance of maintaining adequate
peripheral glycemia at the onset of farrowing to ensure
sufficient energy reserves throughout the farrowing
process, serving as a protective measure against
prolonged farrowing (Carnevale et al., 2023). The
present study demonstrated the feasibility of using a
portable glucometer to monitor glycemia levels in
sows on the days leading up to farrowing, particularly
in swine operations facing challenges with prolonged
farrowing durations (Akkhaphan et al., 2025). This
approach could serve as a diagnostic tool to identify
sows with low blood glucose concentrations during
farrowing, enabling the implementation of appropriate
treatment. Such treatment may include providing
additional glucose or energy supplementation at the
onset of farrowing and/or administering glucose
intravenously (Nielsen et al., 2021) at the end of
farrowing in sows showing signs of dystocia.
However, the clinical wuse of blood glucose
measurement in sows remains uncommon, and the risk
factors associated with low glucose levels require
further investigation.

In humans, feelings of hunger can be influenced by
various factors, including blood glucose levels (Jones,
2023). Typically, low Dblood glucose levels
(hypoglycemia) can trigger feelings of hunger. When
blood glucose drops, the human body signals that it
needs more fuel, leading to the sensation of hunger.
Normal fasting blood glucose levels generally range
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between 70 and 99 mg/dl. People usually start feeling
symptoms of low blood sugar when levels drop below
70 mg/dl. Similarly, in our study on sows, at 480 min
after a meal, the average blood glucose level was 72.6 +
21 mg/dl, which is close to that in humans.
Additionally, the blood glucose levels observed in the
sows from this study align with those reported earlier
by Terlouw et al. (1993), remaining within the normal
range both before and after feeding. The blood glucose
level in sows was lowest at 60 min before the meal and
highest at 120 min after the meal (Terlouw et al., 1993).
However, the exact threshold at which a person feels
hungry can vary widely depending on individual
factors such as metabolic health, how accustomed the
body is to certain blood sugar levels, and even how
recently and what the person ate (Wever et al., 2021). In
pigs, the ability to detect hypoglycaemia based on
clinical signs or behaviour, especially in sows confined
to farrowing crates before parturition, remains poorly
understood. In the present study, sows with blood
glucose levels below 70 mg/dl were considered at risk
of hypoglycemia. However, the exact cutoff value for
defining hypoglycemia in sows remains to be
established and cannot be directly compared to human
thresholds. While determining a definitive value is still
challenging, we considered previously proposed
reference ranges associated with farrowing
performance and colostrum production in sows
(Carnevale et al., 2023; Akkhaphan et al., 2024). For
example, a study in Brazil categorized sows’ blood
glucose levels at the onset of farrowing into three
groups: high (=85.0mg/dl), intermediate (72.0-
849 mg/dl), and low (<72.0mg/dl), and found that
those in the low group experienced prolonged
parturition (Carnevale et al., 2023). Similarly, in our
previous research, sows with high colostrum yield had
an average blood glucose concentration of 85.7 mg/dl,
whereas those with lower colostrum yield averaged
65.7 mg/dl (Akkhaphan et al., 2024). In the context of
the swine industry, which globally employs modern,
highly prolific sow genetics, these sows typically
undergo a farrowing process lasting about 5.0 h (Muns
and Tummaruk, 2016; Adi et al., 2024a; Adi et al., 2024b;
Chaiyapatmaetee et al., 2025). Research by Nielsen et al.
(2021) has shown that maintaining adequate glucose
levels is crucial for sows to reduce the duration of
farrowing. Consequently, conducting routine blood
glucose level checks in sows before they begin
farrowing might present a groundbreaking clinical
obstetric strategy for managing the farrowing process
in highly prolific sows and mitigating the risks
associated with prolonged farrowing processes.

On average, sows in the higher parity group
(parities 5-6) tended to have lower blood glucose
concentrations than younger sows (parities 2-4). This
pattern may indicate an age-related decline in
metabolic efficiency or glucose regulation, likely
influenced by the cumulative physiological burden of
repeated gestations and lactations. Supporting this
observation, previous research has reported that older
sows experience significantly longer farrowing
durations compared to younger counterparts (Adi et
al., 2022; Adi et al., 2024b; Akkhaphan et al., 2025), and
that the incidence of dystocia is higher in sows of parity
>7 than in those of parity 1 or 2-4 (Wongwaipisitkul et
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al., 2024). These findings suggest that hypoglycemia in
older sows could be a contributing factor to prolonged
parturition and/or  dystocia, particularly in
hyperprolific lines. In the present study, the lack of a
significant interaction between parity group and time
after feeding indicates that the decline in glucose levels
over time followed a similar pattern in both parity
groups. Nevertheless, blood glucose concentrations
decreased significantly from 30 to 480 min after feeding
in both groups, reflecting a typical postprandial
decline. These results highlight the need for close
monitoring of energy status in older sows, especially
during the peripartum period when metabolic
demands are heightened.

The comparison of reproductive parameters
between hypoglycemic and normoglycemic sows prior
to farrowing revealed no statistically significant
differences. However, there was a tendency for sows
with hypoglycemia to have a higher number of piglets
born alive, suggesting a potential association between
lower glucose levels and increased litter viability,
although this did not reach statistical significance.
Interestingly, the interval from the last meal to blood
collection was significantly longer in hypoglycemic
sows, indicating that fasting duration may have
influenced blood glucose levels (Feyera et al., 2018).
The substantial difference in mean glucose
concentrations between the groups confirms the
classification and suggests that pre-farrowing glucose
dynamics may be influenced by both metabolic and
management factors (Akkhaphan et al., 2024). These
findings warrant further investigation into the impact
of maternal glucose status on farrowing outcomes and
neonatal viability.

A limitation of the present study is that blood
sampling was designed to be conducted on the
expected parturition date, at an average gestation
length of 115.8 +1.6 days. Unfortunately, not all sows
farrowed precisely on the due date, and the exact
timing of farrowing onset was not recorded, as most
sows farrowed during nighttime hours. However, the
date of farrowing was recorded for all animals, and
gestation length has been addressed. A previous study
conducted in two herds reported that the proportion of
sows farrowing 26 h after their last meal varied
between herds, ranging from 221% to 47.1%,
depending on feeding frequency and the timing of
parturition onset (Akkhaphan ef al., 2024). Moreover,
farrowing onset more frequently occurred during non-
working hours (Adi et al., 2022; Akkhaphan et al., 2025),
whereas feeding in most herds typically took place
during daytime working hours. In the herd where the
present study was conducted, sows were fed at 7:00
AM and 3:00 PM. Therefore, the likelihood of sows
initiating farrowing more than 6 h after their last meal
is relatively common under field conditions. The
findings of this study highlight the potential risk of
hypoglycemia in sows prior to parturition and suggest
that feeding schedules during the prepartum period
should be optimized to support better metabolic status.

Although no universally accepted cutoff for
hypoglycemia in sows exists, we used 70 mg/dl as an
indicator of suboptimal metabolic status, based on
previous research and physiological rationale
(Carnevale et al., 2023; Akkhaphan et al., 2024). This
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value aligns with average postprandial glucose
concentrations in healthy sows (73.4-89.3 mg/dl;
Dumniem et al., 2024) and with thresholds applied in
other mammalian species (Idewu and Heading, 2018;
Rodriguez-Trujillo et al., 2025). Concentrations below
this level likely indicate insufficient energy to meet the
metabolic demands of  maintenance, fetal
development, and milk production. However,
variation among studies, genetic lines, and
physiological states suggests this threshold may not
precisely define clinical hypoglycemia in all
populations, and prevalence estimates should be
interpreted as the proportion of sows below a
metabolic stress reference point rather than an absolute
diagnostic measure.

From a management perspective, proactive
nutritional  strategies are recommended for
periparturient and lactating sows to minimize the risk
of hypoglycemia (Decaluwé et al., 2014; Adi et al.,
2024c). Consistent energy supply through multiple
daily feedings or ad libitum access to high-energy diets
is particularly important for high-parity or thin sows
(Dumniem ef al., 2025a). Routine glucose monitoring
within 24 h before and after farrowing can facilitate
early detection and intervention, such as energy-dense
feed supplementation, oral glucose solutions, or
dietary adjustments (Adi et al., 2024c; Carnevale et al.,
2024).

It is also important to recognize that the results of
this study may not fully translate to temperate
climates, as ambient temperature and humidity can
markedly affect feed intake, metabolic rate, and energy
partitioning in sows (Khamtavee et al, 2021;
Tummaruk et al., 2023). In tropical environments,
chronic heat stress often suppresses voluntary feed
intake and redirects energy toward thermoregulation,
increasing the risk of negative energy balance and
reduced plasma glucose concentrations. Sows under
such conditions may develop physiological
adaptations, including altered endocrine profiles (e.g.,
elevated cortisol, reduced insulin sensitivity) and
changes in peripheral blood flow, which can influence
nutrient absorption and glucose metabolism. By
contrast, sows in temperate climates generally
experience less sustained heat stress, supporting
higher feed intake and more stable energy status
during late gestation and lactation. Consequently, the
prevalence of hypoglycemia may be lower in
temperate regions, although the extent of this
difference would likely vary with seasonal conditions
and housing systems.

In conclusion, this study demonstrates a practical
approach for measuring blood glucose concentrations
in late-gestation sows, revealing a wide individual
range (26-127 mg/dl). Blood glucose levels were
significantly influenced by the time since last feeding,
with the prevalence of hypoglycemia (<70 mg/dl)
increasing from 13.0% at 30 min to 36.4% at 480 min
post-feeding. Pre-farrowing glucose levels may also be
associated with litter size and parity, as sows with >18
piglets and older sows exhibited lower glucose levels,
indicating a higher risk of hypoglycemia. These
findings suggest that current feeding practices may not
meet the energy needs of these groups, potentially
affecting farrowing and colostrum production.
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Monitoring glucose levels before farrowing may help
identify sows at risk of hypoglycemia and allow for the
implementation of management strategies to improve
glucose status and reduce the risk of farrowing
complications.
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