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ABSTRACT

The aim of this study was to investigate the effects of sodium butyrate (SB) and lysophospholipid (LPL),
alone or combined, on performance and blood metabolites of Ile-de-France ewes during transition period.
Sixty close-up pregnant Ile-de-France ewes (body weight=65+5 kg) were used in a 2 x 2 factorial experi-
ment in a completely randomized design from 21 pre-partum to 21 days post-partum (n=15). Experimental
treatments were: 1) control (without additives); 2) 0.5 g SB/kg BW/day; 3) 1 g LPL/head/day; or 4) SB +
LPL. Results of present study showed that although SB or LPL alone had no significant impact on dry mat-
ter intake (DMI) compared to the control, their combination increased DMI (P<0.05) and neutral detergent
fiber (NDF) digestibility (44.36% vs. 37.31%; P<0.05). Ewe body weight changes, colostrum brix value,
and postpartum body temperature remained unaffected by SB and LPL supplementation. Serum analysis
indicated SB elevated high-density lipoprotein (HDL) and alkaline phosphatase (ALP), while LPL in-
creased malondialdehyde (MDA), albumin, and superoxide dismutase (SOD) (P<0.05). The SB + LPL
group exhibited reduced glutathione peroxidase (GPX) activity (P<0.05). These results demonstrate that SB
and LPL synergistically enhance feed intake and fiber digestion, potentially alleviating energy deficits in
transition ewes. However, divergent effects on oxidative stress and lipid metabolism underscore the need
for tailored supplementation protocols. Further studies should explore long-term impacts on metabolic resil-
ience and offspring development.

LA [01:905] colostrum, ewe, lambs born weight, sodium butyrate, transition period.

weeks of lactation, ewes often fail to consume sufficient
dry matter intake (DMI) relative to the increased energy

INTRODUCTION

Ruminants near parturition, which transitioning from preg-
nant to lactating state, experience significant metabolic
pressures (Babaei et al. 2019). The dramatic changes in
nutrient requirements from pre- to post-partum are the pri-
mary reasons that makes the transition period such a meta-
bolic challenge. During late pregnancy, the fetal metabolic
rate is approximately twice that of the dam (Roche et al.
2010). After parturition, approximately 50% of the daily
energy expenditure in lactating sheep and goats is devoted
to the lactation process (Mazareei et al. 2024). In the initial
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demand required to support milk production, resulting in a
negative energy balance (NEB). NEB can lead to decreased
milk production (Carvalho et al. 2019), impaired health,
and reduced reproductive performance (Mazareei et al.
2024). Most infectious diseases and metabolic disorders
occur during this critical period. Ewes become particularly
susceptible to developing metabolic diseases such as keto-
sis, mastitis, metritis, and displaced abomasum during the
transition period (Havekes et al. 2020). Among the factors
affecting production and reproduction performance in ani-
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mals, feed and feeding management plays the most crucial
role (Snyman and Olivier, 1999). Implementing various
energy supply methods during the pre- and post-partum
periods is recognized as a primary strategy to prevent meta-
bolic diseases and enhance pregnancy efficiency (Walsh et
al. 2011).

Butyrate is a short-chain fatty acid produced through an-
aerobic microbial fermentation in the rumen of ruminants,
and large intestine of both humans and animals. It has the
most potent nutritional effects among volatile fatty acids
(Bedford et al. 2017). The microorganisms colonizing the
gastrointestinal tract can influence feeding behavior, hor-
mones secretion, nutrient digestion, absorption and metabo-
lism, and the immune response (Nicola et al. 2023). Short-
chain fatty acids, particularly butyrate, serve as immuno-
modulators and valuable energy source for colonocytes
(Jianping, 2013). Numerous studies have demonstrated that
butyrate influences gene expression, cell differentiation,
promotes the growth and development of digestive tissue,
modulates immune responses, reducing oxidative stress, pos-
sesses anti-inflammatory and antibacterial properties, and
help control diarrhea (Bedford and Gong, 2018). Conse-
quently, butyrate is believed to have beneficial effects on
animal performance and health (Tan et al. 2014; Zhang et
al. 2023a). While a few studies have investigated the effects
of butyrate in transition cows, no research has been con-
ducted specifically in transition ewes.

Lysophospholipids are derivatives of phospholipids from
which a fatty acid has been removed by phospholipase Al
or A2 (Joshi et al. 2006). Due to the absence of one fatty
acid, lysophospholipids exhibit enhanced emulsifying prop-
erties and can alter the conformation of membrane protein
channels by increasing ion exchanges (Maingret et al.
2000). Additionally, they increase the number and size of
membrane pores, thereby enhancingthe passage rate of
macromolecules across the cell membrane. These mecha-
nisms facilitate the transfer of nutrients both small particles
like calcium ions and complex compounds such as polysac-
charides thereby increasing nutrient availability and im-
proving animal performance (Boontiam et al. 2017). Lyso-
phospholipid such as Lysophosphatidylcholine, have been
shown to enhance the anti-oxidative response of cultured
neutrophils in mice (Yan et al. 2004). These findings un-
derscore the capacity of lysophospholipids to modulate
immunity (Tate et al. 2023).

To our knowledge there are no information about the ef-
fects of sodium butyrate (SB) and lysophospholipids (LPL),
alone or in combination, on performance of ewes in transi-
tion period. We hypothesize that the use of SB and LPL
will improve metabolic health and performance in transition
ewes by enhancing nutrient utilization, and modulating
immune responses. In addition, the simultaneous incorpora-
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tion of both LPL and SB may provide synergistic effects
that enhance cellular metabolism and improve the overall
performance of ewes. Therefore, the objective of the cur-
rent study was to assess the effects of SB and LPL on the
performance of transition Ile-de-France ewes.

MATERIALS AND METHODS

Animals, diets, and experimental design

This study was conducted in Ajdad Mahidasht sheep breed-
ing farm located in Mahidasht, Kermanshah, Iran. The ex-
perimental protocols were approved by the Animal Care
and Use Committee of the University of Kurdistan in ac-
cordance with the guidelines of the Iranian Council of
Animal Care (1995). Sixty transition Ile-de-France ewes
(body weight=65£5 kg) from -21 days prepartum to 21
days postpartum, were used to evaluate the effects of SB
and LPL in a 2 x 2 factorial experiment in a completely
randomized design. Ewes were randomly assigned to four
treatments (n=15 ewes per treatment) and housed in indi-
vidual pens. Treatments were: 1) basal diet without additive
(as Control), 2) basal diet plus 0.5 g SB per kg of BW per
day, 3) basal diet plus 1 g LPL per head per day, 4) basal
diet plus 0.5 g SB per kg of BW + 1 g LPL per head per
day. The LPL complex used in this study was obtained
from soybean lecithin using proprietary technology and
contained 6% LPL, 43% other lipids (phospholipids and
triglycerides), and 50% carrier, which was used as active
ingredients and absorption accelerators. The SB used in this
study was produced by Innovad® (Novyrate® C, Postbaan
69, 2910 Essen, Belgium). The LPL and SB treatments
were mixed with the daily concentrate feed throughout the
experimental period.

Ewes were fed twice daily (at 09:00 and 17:00 h) with
the experimental diets (Table 1), formulated according to
the nutrient requirement suggested by Natural Research
Council (NRC, 2007). During the experiment, the animals
were kept in individual pens and had ad libitum access to
the diet and water.

Data and sample collection

The daily dry matter intake (DMI) of the ewes was re-
corded from 21 days before to 21 days after lambing. Im-
mediately following parturition and the drying of the lambs,
the ewes' weight (after the placenta execration), as well as
the number and weight of the lambs delivered by each ewe,
were recorded. To assess colostrum quality, a sample was
taken immediately after parturition from the colostrum pro-
duced by each ewe (after emptying firs 5 mL, 10 mL was
collected from each teat and mixed). The Brix value of the
colostrum was measured using an automatic and water-
resistant refractometer (ATAGO, Tokyo, Japan).
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[:te) ) Ingredients and concentrate composition of the basal diets
Basal diet
Close-up ewes

Ingredients (% of DM?) Dairy froeh
airy iresh ewes

Alfalfa hay 20 22
Wheat straw 10.4 -
Corn silage 24 22.5
Sugarcane bagasse 23.6 33
Beet pulp 2 3.5
Pregnant concentrate 20

Dairy ewes concentrate - 19
Chemical composition (% of

DM)

Crude protein 11 13
Neutral detergent fiber 38.5 36.3
Metabolizable ener;

(Mcal/kg) ® 27 29
Concentrate composition (% of DM)

Barley grain 273 36.5
Corn grain 25.4 29.5
Wheat bran 12.6 6.7
Soybean meal 20.6 15.1
Corn gluten meal 2.5 -
Meat and bon meal 33 54
Soaped fatty acids 3.8

Special permix for pregnant 45

ewes

Special permix for dairy ) 638

cwWes
DM: dry matter.

The incidence of metabolic disorders during and after the
parturition such as dystocia, abortion, retained placenta,
metritis, etc., was recorded. To monitor health and identify
potential internal issues, the rectal temperature of the ewes
was measured at 24, 48 and 72 hours post-lambing using a
digital thermometer. From day 7 after parturition, in the
separate pens the lambs had free access to the starter feed in
addition to maternal milk.

Blood samples were collected from the jugular vein 4 h
after morning feeding on days -7, 0, +7, +14 and +21 rela-
tives to lambing. Blood samples was drawn into two tubes:
one containing ethylenediaminetetraacetic acid (EDETA)
for whole blood sample, and the other containing a clot
activator (VACUETTE® TUBE 1 mL CAT Serum Clot
Activator 13x75) for serum samples. After allowing the
blood to clot, samples were centrifuged at 3000 x g for 15
min to separate serum, which was then stored at —20 °C
until analysis. Serum samples were analyzed to measure
glucose (Glu), triglyceride (TG), cholesterol (Chol), high
density lipoprotein (HDL), low density lipoprotein (LDL),
very-low density lipoprotein (VLDL). Beta-
hydroxybutyrate (BHB), albumin (Alb), total protein (TP),
malondialdehyde (MDA), total antioxidant capacity, alka-
line phosphatase (ALP), aspartate aminotransferase (AST)
and alanine aminotransferase (ALT).
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Whole blood samples were used to determine hemoglo-
bin concentration and activities of superoxide dismutase
(SOD) and glutathione peroxidase (GPX).

Ewes fecal samples were collected on days -7 and +21
relative to lambing (collected at 2 and 4 hours after morn-
ing feeding, and then samples of each sheep were mixed
together). Samples were used to measure nutrient apparent
digestibility using acid-insoluble ash (AIA) as an internal
marker. At 21 days post-lambing, both ewes and lambs
were weighed to assess lambs weight gain and changes in
ewe body weight relative to the lambing day.

Chemical analyses
Feed and fecal samples were oven-dried at 60 °C for 72 h.
Samples were ground to pass through a 1.5-mm sieve. The
feed samples were analyzed for dry matter (DM), crude
protein (CP), organic matter (OM), and ash following stan-
dard procedures (AOAC, 2000). Ash-free neutral detergent
fiber (NDF) content of samples was determined using the
method recommended by Van Soest et al. (1991). Nitrogen
concentration in the samples was determined using the
Kjeldahl method (Kjeltec 2300, Foss Tecator AB, Hoganas,
Sweden). Acid insoluble ash (AIA) concentration of ex-
perimental diets and fecal samples were measured accord-
ing to the method recommended by Van Keulen (1977).
Serum concentrations of Glu, TG, Chol, Alb, TP, ALP,
AST and ALT were measured using special laboratory kits
(Pars Azmun Laboratory, Tehran, Iran) and a spectropho-
tometer (JASCO, V-570) according to the manufacturer's
instructions. Randox Laboratories kits were used to deter-
mine BHB, SOD, GPX and total antioxidant capacity.
Malondialdehyde (MDA) concentration was measured us-
ing thiobarbituric acid (TBA) test and spectrophotometer
(JASCO, V-570). The standard solution containing MDA
was extracted from mixture with 20% trichloroacetic acid
solution, 1.8% sodium dodecyl sulfate, and 0.8% thiobarbi-
turic acid solution. The mixture was boiled for one hour,
cooled, and n-butanol was added. The organic acid phase
was collected after centrifugation at 4000 rpm for 10 min-
utes and read at a wavelength of 532 nm (Sanjadi and Nay-
eri, 2019).

Statistical analysis

This research was conducted in a completely randomized
design (CRD) with 4 treatments and 15 replications in a 2 x
2 factorial arrangement. Data on changes in ewe’s body
weight, kg of lamb produced per ewe, lambs birth weight,
lambs body weight at 21 days, and ewe’s body temperature
were analyzed using the GLM procedure of SAS (2004).
Turkey’s test was applied for mean comparisons. Data of
DMLI, nutrient apparent digestibility, blood biochemical and
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anti-oxidant parameters were analyzed using MIXED pro-
cedure of SAS. Period and ewes within period and treat-
ment were considered as random effects.

RESULTS AND DISCUSSION

The effects of alone and combined use of SB and LPL on
the DMI of Ile-de-France ewes during the transition period
are presented in Figure 1. The results indicated that the
alone use of SB and LPL did not significantly affect DMI.
However, the in combination use of SB and LPL resulted in
a significant increase (P<0.05) in DMI.

2300 a
2295

2290

P-values
T=<0.01
SB*T= 0.45
LPL*T= 0.56

2285
2280
2275
2270
2265
2260

Dry matter intake (g/day)

Treatments

= Control =SB NLPL B SB+LPL

Effects of experimental treatments on DMI of Ile-de-France
ewes during the transition period. Treatments were: 1) control, 2) SB: 0.5
g sodium butyrate (SB) per kg of BW per head per day, 3) LPL: 1 g/d
lysophospholipid (LPL) per head per day, 4) SB + LPL: 0.5 g SB per kg of
BW + 1 g LPL per head per day

*®Means with different letters are significantly different (P<0.05)

T: time effect (sampling period); SB X T: interaction effect of SB and time
and LPL x T: interaction effect of LPL and time

Table 2 summarized the effects of alone and in combina-
tion use of SB and LPL on nutrient apparent digestibility.
The findings revealed that neither the alone nor the in com-
bination use of SB and LPL had significant effects on ap-
parent total tract digestibility of DM, OM, and CP com-
pared to the control group. However, the combination of SB
and LPL significantly increased CP digestibility (62.15%
vS. 57.3%, P<0.05) relative to the SB group. Additionally,
total tract NDF digestibility was significantly (P<0.05)
higher in the SB + LPL group compared to both the control
and SB groups (44.36% vs. 37.31% and 35.58%, respec-
tively). The apparent digestibility of nutrient was influ-
enced (P<0.01) by sampling time (sampling periods). Ap-
parent nutrient digestibility in pre-partum period was higher
than that of post-partum.

The effect of alone and in combination use of SB and
LPL on performance of ewes and their offspring are de-
tailed in Table 3. The experimental treatments did not sig-
nificantly affect body weight changes in ewes. However,
the SB group exhibited the least weight loss (-1.76 kg vs. -
2.72 kg, -3.11 kg, and -3.14 kg for other treatments).
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Results showed a numerical increase (P>0.05) in the kg
of lambs produced per ewe compared to the control group.
Lambs weight at 21 days post-birth was unaffected by ei-
ther the alone and in combination use of SB and LPL. Fur-
thermore, neither alone nor in combination use of SB and
LPL significantly affected colostrum brix values in fresh
ewes.

The effects of alone and in combination use of SB and
LPL on body temperature in ewes, as an indicator of in-
flammation, are presented in Table 4. The results indicated
that body temperature at 24, 48 and 72 hours post-lambing
was not significantly affected by the experimental treat-
ments.

Table 5 represents the effects of the alone and in combi-
nation use of SB and LPL on serum Glu and BHBA con-
centration in the Ile-de-France ewes during the transition
period. Glucose (Glu) and BHBA are key indicators of the
energy status of ewes during this phase. The results indi-
cated that neither the alone nor in combination use of SB
and LPL significantly affected blood Glu and BHBA con-
centration during transition period. However, the effects of
treatments on these metabolites were influenced (P<0.01)
by sampling time (sampling periods), with a notable inter-
action between LPL and sampling time observed for BHBA
concentration.

The effect of alone and in combination use of SB and
LPL on the blood lipid profile of Ile-de-France ewes during
transition period is summarized in Table 6. The findings
revealed that supplementation with SB and LPL did not
significant alter serum concentration of TG, LDL and
VLDL. In contrast, the combined use of SB and LPL
(SB+LPL) resulted in a significant decrease (P<0.01) in
serum Chol and HDL concentration compared to the SB
group.

Additionally, supplementation with SB alone led to a
significant increase (P<0.01) in HDL concentration relative
to the control group. The serum concentration of Chol, TG,
HDL, LDL, and VLDL were significantly influenced
(P<0.01) by sampling time (sampling periods), with a sig-
nificant interaction noted between LPL effects and sam-
pling time.

The effect of alone and in combination use of SB and
LPL on blood antioxidant parameters in Ile-de-France ewes
during transition period are detailed in Table 7. The find-
ings indicated that blood TAC was not significantly af-
fected by the experimental treatments.

Furthermore, the treatments did not significant influence
MDA concentration (except for alone LPL supplementa-
tion) or the activity of SOD (except for alone LPL supple-
mentation), and GPX (except for in combination use of SB
and LPL).
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1815 Effect of experimental treatments on total tract nutrient apparent digestibility in transition Ile-de-France ewes

Item (%) Treatments SEM P-value

1 2 3 4 SB LPL SB x LPL T SBx T LPL x T
DM 46.22 43.49 4437 46.56 1.93 0.91 0.81 0.35 <0.01 0.12 0.44
oM 48.07 43.63 48.79 50.28 1.66 0.51 0.11 0.19 0.01 0.15 0.76
CP 58.91* 57.30° 60.64" 62.15° 1.59 0.97 0.04 0.31 <0.01 0.28 0.42
NDF 37.31° 35.58° 38.15% 44.36" 1.63 0.31 0.04 0.06 0.02 0.13 0.63

Treatments: 1) control; 2) 0.5 g sodium butyrate (SB) per kg of BW in day; 3) 1 g/d lysophospholipid (LPL) per head and 4) 0.5 g SB per kg of BW + 1 g/d LPL per head.
SB: main effect of SB; LPL: main effect of LPL; SB x LPL: interaction effect of SB and LPL; T: time effect (sampling period); SB x T: interaction effect of SB and time
and LPLxT: interaction effect of LPL and time.

DM: dry matter; OM: organic matter; CP: crude protein and NDF: neutral detergent fiber.

The means within the same row with at least one common letter, do not have significant difference (P>0.05).

SEM: standard error of the means.

L) E Effects of sodium butyrate (SB) and lysophospholipid (LPL) on performance of transition Ile-de-France ewes and their lambs

Parameter Treatments SEM P-value

1 2 3 4 SB LPL SB x LPL
Body weight changes of ewes (kg) -2.72 -1.76 -3.11 -3.14 0.469 0.63 0.36 0.61
Lamb produced per ewe (kg) 5.96 6.74 6.11 6.35 0.268 0.35 0.82
Lamb weight in days 21 (kg) 11.47 11.49 11.06 11.66 0.493 0.76 0.90 0.77
Colostrum brix value 29.00 26.00 29.00 30.00 0.710 0.41 0.12 0.11

Treatments: 1) control; 2) 0.5 g sodium butyrate (SB) per kg of BW in day; 3) 1 g/d lysophospholipid (LPL) per head and 4) 0.5 g SB per kg of BW + 1 g/d LPL per head.
SB: main effect of SB; LPL: main effect of LPL and SB x LPL: interaction effect of SB and LPL.

The means within the same row with at least one common letter, do not have significant difference (P>0.05).

SEM: standard error of the means.

[l E Effects of sodium butyrate (SB) and lysophospholipid (LPL) on body temperature (BT, °C) of Ile-de-France ewes

Treatments P-value
1 2 3 4 SEM SB LPL SB x LPL T SB x T LPLxT
BT (°C) 389 39.7 38.8 39.2 0.26 0.55 0.76 0.37 0.11 0.53 0.87

Treatments: 1) control; 2) 0.5 g sodium butyrate (SB) per kg of BW in day; 3) 1 g/d lysophospholipid (LPL) per head and 4) 0.5 g SB per kg of BW + 1 g/d LPL per head.
SB: main effect of SB; LPL: main effect of LPL; SB x LPL: interaction effect of SB and LPL; T: time effect (sampling period); SB x T: interaction effect of SB and time
and LPL x T: interaction effect of LPL and time.

el ERs| Effects of experimental treatments on the serum glucose and B-Hydroxybutyric acid (BHBA) concentration in transition Ile-de-France ewes

1 Treatments P-value
Parameter SEM
1 2 3 4 SB LPL SB x LPL T SBxT  LPLxT

Glucose 58.50 65.80 65.30 66.50 256 021 0.27 0.08 <0.01 0.70 0.41
(mg/dL)

1
BHBA 0.53 0.61 0.50 0.57 002 0.10 0.49 0.89 <001 0.70 0.02
(mg/dL)

Treatments: 1) control; 2) 0.5 g sodium butyrate (SB) per kg of BW in day; 3) 1 g/d lysophospholipid (LPL) per head and 4) 0.5 g SB per kg of BW + 1 g/d LPL per head.
SB: main effect of SB; LPL: main effect of LPL; SB x LPL: interaction effect of SB and LPL; T: time effect (sampling period); SB x T: interaction effect of SB and time
and LPL x T: interaction effect of LPL and time.

The means within the same row with at least one common letter, do not have significant difference (P>0.05).

SEM: standard error of the means.

[E:Le] BH6) Effects of experimental treatments on serum lipid profile of transition Ile-de-France ewes

3 Treatments P-value
Parameter SEM
1 2 3 4 SB LPL SB x LPL T SBXT LPLxT

Chol (mg/dL) 58.07% 61.87° 58.87%" 51.94° 1.22 0.69 0.26 0.01 0.02 0.92 0.01
TG (mg/dL) 16.31 19.10 16.42 18.51 1.04 0.09 0.86 0.73 <0.01 0.86 0.05
HDL (mg/dL) 22.38" 27.46°  2241% 21.28 0.63 0.35 0.16 <0.01 <0.01 0.40 <0.01
LDL (mg/dL) 31.97 31.13 33.03 27.67 1.09 0.21 0.62 0.07 <0.01 0.89 0.01
VLDL (mg/dL) 3.26 3.82 3.28 3.70 0.20 0.09 0.86 0.73 <0.01 0.86 0.05

Treatments: 1) control; 2) 0.5 g sodium butyrate (SB) per kg of BW in day; 3) 1 g/d lysophospholipid (LPL) per head and 4) 0.5 g SB per kg of BW + 1 g/d LPL per head.
SB: main effect of SB; LPL: main effect of LPL; SB x LPL: interaction effect of SB and LPL; T: time effect (sampling period); SB x T: interaction effect of SB and time
and LPL x T: interaction effect of LPL and time.

Chol: cholesterol; TG: triglyceride; HDL: high density lipoprotein; LDL: low density lipoprotein and VLDL: very-low density lipoprotein.

The means within the same row with at least one common letter, do not have significant difference (P>0.05).

SEM: standard error of the means.
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1) ) Effects of experimental treatments on antioxidant indices of transition Ile-de-France ewes

Treatments P-value
Parameter SEM
1 2 3 4 SB LPL SB x LPL T SBx T LPL x T

MDA b ab a b

(nmol/mL) 1.71 1.81 2.14 1.70 0.11 0.37 0.40 0.04 0.02 0.06 0.04
SOD (U/L) 925.10° 945.70°  1264.90°  996.80°  26.81  0.03 <0.01 <0.01 <0.01 0.10 <0.01
GPX (U/L) 64.7* 62.20° 62.80° 59.60° 0.62  0.04 0.11 0.79 <0.01 0.79 0.50
TAC

(mmol/L) 0.37 0.42 0.39 0.41 0.01 0.18 0.81 0.57 0.03 0.68 0.57

Treatments: 1) control; 2) 0.5 g sodium butyrate (SB) per kg of BW in day; 3) 1 g/d lysophospholipid (LPL) per head and 4) 0.5 g SB per kg of BW + 1 g/d LPL per head.
SB: main effect of SB; LPL: main effect of LPL; SB x LPL: interaction effect of SB and LPL; T: time effect (sampling period); SB x T: interaction effect of SB and time

and LPL x T: interaction effect of LPL and time.

MDA: malondialdehyde; SOD: superoxide dismutase; GPX: glutathione peroxidase and TAC: total antioxidant capacity.
The means within the same row with at least one common letter, do not have significant difference (P>0.05).

SEM: standard error of the means.

=l [ Effects of experimental treatments on liver function of transition Ile-de-France ewes

Treatments P-value
Parameter SEM
1 2 3 4 SB LPL SB x LPL T SBxT LPL xT

TP (mg/dL) 6.92 7.30 7.30 7.26 0.09 0.41 0.41 0.14 <0.01 0.86 0.05
Alb (mg/dL) 3.01° 3.11% 3.20* 3.00° 0.04 0.62 0.71 0.02 <0.01 0.34 0.07
Glob (mg/dL) 3.86 4.23 4.09 4.22 0.08 0.31 0.65 0.29 <0.01 0.76 0.13
ALP (U/L) 176.50° 249.7 207.00% 151.00° 7.98 0.73 0.18 <0.01 0.72 0.23 0.01
ALT (U/L) 21.77 20.02 21.17 19.72 0.55 0.19 0.70 0.80 0.02 0.86 0.42
AST (U/L) 109.90 119.00 118.90 119.20 2.72 0.41 0.42 0.32 <0.01 0.24 0.63

Treatments: 1) control; 2) 0.5 g sodium butyrate (SB) per kg of BW in day; 3) 1 g/d lysophospholipid (LPL) per head and 4) 0.5 g SB per kg of BW + 1 g/d LPL per head.
SB: main effect of SB; LPL: main effect of LPL; SB x LPL: interaction effect of SB and LPL; T: time effect (sampling period); SB x T: interaction effect of SB and time

and LPL x T: interaction effect of LPL and time.

TP: total protein; Alb: albumin; Glob: globulin; ALP: alkaline phosphatase; ALT: alanine aminotransferase and AST: aspartate aminotransferase.
The means within the same row with at least one common letter, do not have significant difference (P>0.05).

SEM: standard error of the means.

The effects of treatments on TAC, MDA concentration
and the activity of SOD and GPX were influenced (P<0.01)
by sampling time (sampling periods), with significant inter-
actions observed between LPL effects on MDA concentra-
tion and SOD activity over time.

The effects of SB and LPL supplementation on liver
function in transition Ile-de-France ewes are presented in
Table 8. The results indicated a significant decrease
(P<0.02) in serum Alb concentration with the combination
use of SB and LPL (SB+LPL), compared to the control and
LPL groups. Additionally, while there were no significant
effects observed for serum TP, Glob, ALT, or AST concen-
tration for either treatment alone or in combination, both
SB and LPL alone resulted in a significant (P<0.01) in-
crease in the serum ALP concentration compared to the
control group. The serum concentrations of TP, Alb, ALP,
AST, and ALT were influenced (P<0.01) by sampling time
(sampling periods), with significant interactions noted be-
tween LPL effects on TP, Alb, and ALP concentration over
time.

Our findings indicated that DMI in the SB and LPL
groups was numerically (P>0.05) higher than that of the
control group. Notably, in combination use of SB and LPL

572

(SB+LPL) significantly increased DMI compared to the
control group. Research on the effects of SB and LPL on
DMI and performance, specifically in ewes, is limited, and
most studies focus on lambs. The enhanced DMI observed
can be attributed to several mechanisms. Sodium butyrate
(SB), a short-chain fatty acid, is recognized for its role in
promoting gut health by enhancing the intestinal barrier
integrity and stimulating the proliferation of beneficial gut
microbiota (Nicola et al. 2023). This improvement in gut
health can lead to better nutrient absorption and utilization,
ultimately contributing to increased feed intake. Moreover,
LPL has been shown to influence cellular signaling path-
ways that regulate appetite and energy metabolism, poten-
tially further stimulate appetite and feed consumption (Eiras
et al. 2004). Our findings demonstrated that it is likely that
the synergistic effect of combining SB with LPL enhanced
these benefits and led to a more significant increase in
DMI. The postpartum period presents significant metabolic
and nutritional demands as ewe transition from gestation to
lactation. Our observation suggested that the combination
use of SB and LPL may help meet these increased demands
by improving DMI and promoting a more favorable meta-
bolic state. Previous studies have reported significant in-
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crease in lambs DMI with SB supplementation (Liu et al.
2019; Sun et al. 2024; Zhao et al. 2019). Similarly,
Farahmandpour et al. (2023) reported that the addition of
LPL to the diet of fattening lambs (0.75% of DM) resulted
in a significant increase in DMI. Consistent with our find-
ings, Huo et al. (2019) reported that the inclusion of LPL
(0.5% of DM) led to increase in DMI of fattening male
lambs. The variability in results across different studies
may be related to several factors, including the source of
LPL, the age of the animals, the dosage used, and the dura-
tion of LPL consumption. Further research is warranted to
elucidate these factors and their impact on DMI and overall
performance in ewes during the transition period.

The literature presents conflicting results regarding the
effects of SB on nutrient digestibility. For instance, in con-
trast with our findings, Rice et al. (2019) reported that SB
supplementation did not influence apparent total-tract nutri-
ents digestibility. Conversely, Ren et al. (2018) found that
tributyrin, a form of butyrate, significantly increased the
NDF digestibility in adult small-tail ewes. In addition,
Abdi-benemar et al. (2020) reported that while SB signifi-
cantly increased CP digestibility in dairy calves, it had no
significant effect on the digestibility of other nutrients. The
effects of LPL supplementation in ruminants are not consis-
tently uniform across studies. For example, Huo et al.
(2019) reported that adding LPL to the diet increased the
digestibility of DM, CP and OM, while decreasing NDF
and ADF digestibility. Also, Baraz et al. (2024) reported a
significant liner increase in CP digestibility with inclusion
of LPL in the diet of dairy calves. Several factors may ex-
plain the lack of significant effects of SB and LPLs on DM,
OM, and CP digestibility observed in our study. These in-
clude differences in diet, variations in dietary lipid sources,
genetic factors, the types of LPL and enzymatic processes
involved in LPL production, dosage differences, animal age
(suckling vs. adult), and physiological state.

Zhang et al. (2023a) reported that butyrate promoted the
growth and propagation of rumen bacteria, as well as the
secretion of microbial enzymes, thereby enhancing fiber
digestion. They observed an increase in the populations of
key cellulolytic bacteria, including Ruminococcus flavefa-
ciens, Ruminococcus albus, Bacteroides fibrisolvens, and
Fibrobacter succinogenes, with butyrate supplementation.
This increase supported improved ruminal fermentation and
enhanced the digestibility of dietary NDF. Contrary to the
finding of Zhang et al. (2023b), we did not observe signifi-
cant increase in NDF digestibility with SB supplementation
compared to the control group. The combined use of SB
and LPL in current study may synergistically enhance the
microbial population and activity responsible for fiber di-
gestion. This synergistic effect is likely attributed to the
improved availability of butyrate to the microbes and an
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overall enhancement of microbial function, leading to in-
creased NDF digestibility. Lysophospholipids (LPL) could
also alter microbial membrane permeability. Therefore, the
presence of LPL might modify the membrane permeability
of cellulolytic bacteria to SB.

Ewes feed intake and milk composition key factors influ-
enced the lamb’s birth weight and growth performance. In
the present study, the observed numerical increase in kg of
lambs produced per ewe especially with supplementation of
SB and LPL may be attributed to improve nutrient use effi-
ciency. Reis et al. (2021) reported that LPL supplementa-
tion enhanced growth performance and feed efficiency in
dairy cows without increasing DMI. The non-significant
differences in lamb weights at 21 days after birth observed
in this study suggest that the treatments likely had no sig-
nificant effect on their dams’ milk production. One of the
study limitations was that milk production and milk compo-
sition of fresh ewes was not recorded. Our findings showed
that treatments did not have significant effects on ewes BW
changes from partum to 21 day after parturition. Likely the
results influenced by the high internal variation in groups.
Lower decrease in BW in SB group compared to the control
group may be related to effects of SB in an increase in feed
conversion rate. Guilloteau et al. (2010) reported that SB
supplementation resulted in an improvement in the feed
conversion ratios. In addition, higher decrease in LPL and
LPL+SB groups BW compared to the SB and control group
likely due to increase in milk fat content. There is evidence
that LPL supplementation can increase in milk fat content
(Zhao et al. 2016; Porter et al. 2024).

The non-significant differences in lamb weights at 21
days postpartum observed in this study suggest that the
treatments likely had no significant effect on their dams'
milk production. One limitation of the study was that nei-
ther milk production nor milk composition of the freshly
lambed ewes was recorded.

Our findings indicated that the treatments did not signifi-
cantly affect ewes' BW changes from parturition to 21 days
postpartum. This lack of significant effects may have been
influenced by the high within-group variation. The SB
group showed a smaller BW decrease compared to the con-
trol group, which might be attributed to SB's potential ef-
fect on improving feed conversion efficiency. Guilloteau et
al. (2009) reported that SB supplementation improved feed
conversion ratios. Conversely, the LPL and LPL + SB
groups exhibited greater BW reductions compared to both
the SB and control groups, possibly due to increased milk
fat content. Existing evidence suggests that LPL supple-
mentation can increase milk fat content (Zhao et al. 2016;
Porter et al. 2024).

To date, no study has investigated the effect of SB and
LPL supplementation on the colostrum quality of sheep,
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with only a few studies for on dairy cow and non-
ruminants. Contrary to our results, He et al. (2016) reported
that SB supplementation altered colostrum composition
(protein, lactose and triglyceride) and subsequently im-
proved the growth performance of suckling piglets. How-
ever, similar to our findings, their study found no signifi-
cantly effect of SB on colostrum brix value and immu-
noglobulin (Ig) concentration. In contrast, Kovacs et al.
(2023) demonstrated that magnesium butyrate supplementa-
tion increased colostrum production and the concentration
of protein, IgG and lactose in the colostrum of pre-partum
dairy cows which is contradicts our findings. Additionally,
Hiltz and Laarman (2019) suggested that supplemental bu-
tyrate in the close-up diet of dairy cows had no effect on
colostrum Ig levels. Factors such as genetics, age, and
overall health status can play critical roles in colostrum
production and quality (Banchero et al. 2015). This vari-
ability may have obscured any potential benefits from the
treatments applied. Furthermore, physiological responses to
SB and LPL may differ between species, which could ac-
count for the contrasting results observed in sheep com-
pared to pigs and cattle. Additionally, the nutritional ade-
quacy of the diet prior to treatment may also affect colos-
trum quality; if ewes were already receiving a nutritionally
sufficient diet, supplementation with SB and LPL might not
have provided additional benefits.

We hypothesized that SB and LPL would reduce the oc-
currence of fever and parturition-related disorders in ewes
compared to the control group, potentially through the ef-
fect on the body's immune system. However, as noted, the
body temperature of the ewes at 24, 48 and 72 hours post-
parturition was not significantly affected by the experimen-
tal treatments. Additionally, we did not observed any re-
productive disorders during or after the parturition (such as
dystocia, abortion, retained placenta, metritis) in any of the
treatment groups; thus, we did not report this data in the
Tables. Tate et al. (2023) found that subcutaneous admini-
stration of LPL in Holstein heifer calves resulted in an in-
crease in rectal temperature compared to the control group;
however this increase was not statistically significant which
aligns with our findings. The lack of significant treatment
effects on ewes' health parameters and rectal temperature
may be attributed to several factors, including: (1) the ad-
ministered doses of SB and LPL, (2) the sources of these
supplements, (3) the ewes' nutritional status, and (4) the
duration of supplementation. Furthermore, the absence of
positive outcomes from SB and LPL supplementation in
close-up ewes may partly reflect the optimal nutritional and
hygienic conditions maintained in the experimental sheep
housing, which likely minimized potential health challenges
that these supplements might otherwise address.
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Our findings demonstrated a numerical increase in serum
Glu (65.8, 65.3 and 66.5 vs. 58.5 mg/dL) concentration,
relative to those in the control group. Herrick et al. (2017)
reported that a single-dose infusion of SB increased BHBA
concentration while decreased Glu concentration in lactat-
ing dairy cows. In agreement with our observation, Ulfina
et al. (2015) found that supplementing the diet of transition
dairy cows with butyric acid led to elevated plasma Glu and
BHBA concentrations. Additionally, Liu et al. (2018) sug-
gested that the Infusion of SB raised BHBA concentration
in neonatal twin lambs, although serum Glu concentrations
remained unchanged. Similarly, Abdi-benemar et al. (2020)
indicated that the use of SB significantly increased blood
BHBA concentration in suckling Holstein calves, with no
significant effect on serum Glu concentration. The observed
increase in blood BHBA concentration in our study might
be attributed to enhanced ketogenesis due to elevated ru-
minal butyrate level (Rice et al. 2019). Conversely, it is
possible that due to the coated and slow release form of SB
utilized in this study, a portion of the butyrate bypassed the
rumen and was absorbed post-ruminally, therefore leading
to the observed increase in blood BHBA concentration. Due
to the significant effect of time (sampling period) in this
study, the non-significant increase in serum concentration
of Glu and BHBA may be related to the timing of sampling,
which occurred one week prior to and three weeks follow-
ing parturition. It is likely that these non-significant results
are influenced by temporal effects associated with parturi-
tion and the varying impacts of treatments over time.

The serum concentration of TG, Chol, HDL, LDL, and
VLDL are important indicators of fat and carbohydrate me-
tabolism and digestion. Our observation indicated that in-
clusion of LPL and SB, both alone and in combination, did
not have significant effects on serum TG, Chol, LDL,
VLDL, TP, Glob, ALt, and AST, relative to those of the
control group. However, we observed a significant increase
in serum Alb and HDL concentration in ewes supplemented
with LPL and SB compared to the control group, respec-
tively. In contrast to our findings, some studies reported an
increase in serum TG concentration when beef steers diets
were supplemented with lecithin. This discrepancy between
results may be attributed to differences in the basal diet and
the concentration of dietary fatty acids. The absence of sig-
nificant changes in TG, VLDL, and LDL concentrations
could be explained by the complex metabolic adaptations
during the transition period. This physiological phase is
marked by substantial hormonal fluctuations and metabolic
stress as ewes mobilize energy reserves to meet the de-
mands of impending lactation. Previous studies have shown
that lipid metabolism is tightly regulated during the transi-
tion period, which may limit the impact of dietary
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interventions on these specific lipid fractions (Bionaz et al.
2020). On the other hand, the observed increase in HDL
levels with SB supplementation can be explained by its role
in enhancing fatty acid oxidation and improving overall
lipid metabolism. Sodium butyrate (SB) has been reported
to influence gene expression related to lipid metabolism
and promote the synthesis of Apo-lipoproteins associated
with HDL (Sun et al. 2018). Additionally, HDL is known
for its role in reverse cholesterol transport and anti-
inflammatory properties (Kim et al. 2004), which could be
beneficial for ewes undergoing physiological stress during
the transition period. Future research should focus on eluci-
dating the underlying mechanisms by which SB affects
lipid profiles and exploring potential synergistic effects
when combined with other dietary components.

Total protein (TP) and Alb are crucial markers for assess-
ing protein metabolism. The observed increase in serum
Alb concentration in freshly lambing ewes supplemented
with LPL can be attributed to several key mechanisms that
enhance protein synthesis and overall health. In contrast,
the inclusion of coated SB did not demonstrate a significant
effect on serum Alb levels, and its simultanecous use with
LPL resulted in a reduction of serum Alb concentration.
This finding warranted a closer examination of the underly-
ing mechanisms involved. Lysophospholipids (LPL) are
known to promote the synthesis of proteins in the liver,
including Alb production. They may activate signaling
pathways that enhance the expression of genes involved in
protein synthesis (Koh et al. 2017). Additionally, LPL can
enhance immune function, which may indirectly influence
liver function and protein synthesis. Improved immune re-
sponses create a favorable environment for Alb production
(Yamashita, 2010).

Moreover, LPL may possess anti-inflammatory proper-
ties that reduce the catabolic state often associated with
inflammation. Lower levels of inflammation can contribute
to increased Alb synthesis, as inflammation typically leads
to a decrease in Alb production.

The simultaneous administration of LPL and SB may
lead to interactions that diminish their individual effects on
serum proteins, potentially explained the observed reduc-
tion in serum Alb concentration when both supplements are
used together (Kreuzer, 2019). In a study on lambs, dietary
supplementation with LPL had no significant effect on se-
rum biochemical parameters (Huo et al. 2019), which con-
trast with the findings of current study. He et al. (2020)
reported that LPL supplementation increased plasma Glob,
TP and ALP activity while decreased total Chol in mid-
lactation dairy cows. In our study, Alb concentration was
notably affected by LPL at 14 days postpartum.

575

Albumin serves as an indicator for evaluating nitrogen
utilization and excretion efficiency in animal. The increase
in Alb due to LPL supplementation in this study suggests
an improvement in protein status (Kohn et al. 2005).

Oxidative stress, resulting from an imbalance of reactive
oxygen species (ROS), can lead to tissue damage and im-
pair normal cell functions. In agreement with findings of
the present study, Liu et al. (2021) reported that the SB
administration did not affect serum SOD activities in pre-
weaning dairy calves. However, they observed an increase
in GPX and decrease in MDA concentration. Conversely,
Ma et al. (2018) found that SB supplementation enhanced
SOD enzyme activity and TAC while decreasing MDA
concentration in dairy goats. Evidence suggested that SB
improves antioxidant mechanism by influencing the expres-
sion of antioxidant genes (Memon et al. 2019). In our
study, LPL supplementation led to significant increases in
SOD activity and MDA concentration during transition
period compared to the control group. The observed in-
creases in SOD activity may reflect a compensatory re-
sponse to heightened oxidative stress, highlighting the dy-
namic nature of antioxidant responses during these critical
physiological transitions (Zhang et al. 2011). This observa-
tion aligns with previous research indicating that LPL can
modulate inflammatory responses and enhance antioxidant
defenses.

In contrast, SB did not demonstrate a significant effect on
SOD activity, potentially due to the different mechanisms
through which SB operates. Interestingly, when SB and
LPL were administered together, no significant difference
in SOD activity was observed. This findings raises ques-
tions about potential interactions between these two com-
pounds; for instance, SB may modulate the effects of LPL,
leading to a saturation of the antioxidant response. More-
over, the unexpected increase in serum MDA levels follow-
ing LPL supplementation is particularly noteworthy.
Malondialdehyde (MDA) is a well-established marker of
lipid peroxidation and oxidative stress, and its elevated lev-
els suggest an increase in oxidative damage despite the rise
in SOD activity. This paradox may indicate that while SOD
activity is enhanced, other pathways involved in oxidative
stress response may be compromised or overwhelmed. For
instance, an increase in lipid peroxidation could be due to
an imbalance between ROS production and the capacity of
antioxidant defenses to neutralize them (Halliwell and Gut-
teridge, 2015).

The observed discrepancy between increased SOD activ-
ity and elevated MDA levels may represent a compensatory
antioxidant response to heightened oxidative stress

(Halliwell and Gutteridge, 2015).
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LPL supplementation could potentially modify mem-
brane dynamics or cellular signaling pathways, thereby
promoting ROS generation. Consequently, despite the
upregulation of SOD activity in response to oxidative
stress, the cellular environment may remain favorable for
lipid peroxidation, ultimately leading to increased MDA
concentrations.

The liver is the primary site of metabolism in the body
and plays a crucial role in the storage and regulation of glu-
cose. Any dysfunction n the liver can lead to change in the
concentration of liver enzymes (AST, ALT, and ALP) and
metabolites such as Alb (Tessari et al. 2010). The results of
our study revealed significant fluctuations in enzyme levels
across different time points, indicating complex physiologi-
cal responses to dietary interventions. The significant in-
crease in serum ALP levels in ewes supplemented with SB
during the transition period can be attributed to the height-
ened metabolic demands associated with numerical increase
in serum BHBA during transition period. ALP is often ele-
vated in response to increased osteoblastic activity and he-
patic function, particularly during the periods with high
metabolic stress such as transition period (Nakamura et al.
2020; Titaux et al. 2023). The concurrent administration of
SB and LPL leading to a significant decrease in ALP levels
compared to the SB group, suggesting a potential synergis-
tic effect that may enhance liver function and reduce he-
patic stress. The contrasting effects of SB and LPL on liver
enzyme levels throughout different stages of gestation and
early lactation highlight the complexity of metabolic regu-
lation in pregnant ewes.

CONCLUSION

This study demonstrates that the combined supplementation
of sodium SB and LPL synergistically enhances dry matter
intake (DMI) and fiber digestibility (NDF) in transition
ewes, likely through improved rumen microbial activity and
gut barrier function. While metabolic markers (e.g., glu-
cose, BHBA) and inflammatory responses remained stable,
SB+LPL modulated lipid metabolism (reduced cholesterol)
and liver enzyme profiles, suggesting targeted effects on
energy partitioning during this critical physiological phase.
Notably, the lack of significant impacts on ewe perform-
ance, colostrum quality, and oxidative stress may reflect the
study's short-term duration, optimal baseline nutrition, or
dose-dependent responses. These findings underscore the
potential of SB + LPL as a nutritional strategy to support
transition-period adaptation, though further research is
needed to optimize dosing regimens and evaluate long-term
effects on productivity and offspring development.
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