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Introduction

The Northeast region of Brazil accounts for 57% of the 
Brazilian sheep herd [17]. One of the breeds used in this 
region is the Santa Inês breed which is hardy and has good 
growth rates, good prolificacy, high milk production and rapid 
reproductive maturity [4]. A significant problem in sheep 
breeding is encountered in the peri-partum period where 
energy needs are very high, due to the exponential increase 

in foetal growth and the need for colostrum production [9, 
16]. If the ewe is unable to cover these requirements there is 
an increased risk of metabolic problems such as pregnancy 
toxaemia [13] and there can be a deleterious effect on lambs 
[24, 30]. In addition, the immune system has been reported 
to be depressed at this time due to oxidative stress, therefore 
immune-stimulation could be beneficial. Several studies 
have shown that β-glucan has immunostimulatory properties 
including anti-tumour and anti-bacterial activities [1, 23, 34]. 

SUMMARY

The aim of this study was to investigate the influence of β1,3-glucan on the 
metabolic profile of Santa Inês ewes in the peri-partum period. Fourteen 
pregnant ewes were randomly divided into two groups: a glucan group (G) 
and a control group (C) 60d before expected lambing. Over eight weeks, 
between the -60 and -10 days in relation to lambing, each animal in the 
G group received weekly a 1mL intramuscular injection of β1,3-glucan. 
Nutritional requirements were covered. Blood samples were collected 
on the -30, -20, -10, 0, +10, +20, +30 and +60 day in relation to lambing. 
Glucose, L-lactate, non-esterified fatty acids (NEFA), β-hydroxybutyric 
acid (βHB), fructosamine, cholesterol, triglycerides, total protein, albumin, 
urea, creatinine, total and ionized calcium, chloride, sodium, potassium, 
inorganic phosphorous, magnesium, aspartate aminotransferase (AST), 
gamma glutamyl transferase and creatine kinase were measured. The results 
were analysed with a repeated measures model. The ewes were clinically 
healthy. Glucose, L-lactate, NEFA and βHB peaked at parturition (p<0.05). 
AST, fructosamine and albumin were higher in C compared to G. The 
difference for AST was significant (p<0.05) while for the latter two variables 
it was not (p<0.10). Urea concentrations were higher in G compared to C 
but the difference was not statistically significant (p<0.10). In conclusion, 
in this preliminary experiment, the changes with time were consistent with 
a change in physiological status (gestation/lactation). β1,3-glucan did not 
affect energy metabolism. β1,3-glucan appeared to protect muscle and liver 
because AST activities were lower than in controls. The use of β1,3-glucan 
did not negatively affect the animals.
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RÉSUMÉ

Est-ce que des injections intramusculaires de β1,3-glucan influencent les 
profils métaboliques et enzymatiques chez des brebis Santa Inês pendant 
la fin de la gestation et le début de la lactation ?

Le but de ce travail était d’étudier l’influence du β1,3-glucane sur le profil 
métabolique de brebis Santa Inés dans la période péripartum. Quatorze 
brebis gestantes ont été réparties au hasard en deux groupes: un groupe 
glucane (G) et un groupe contrôle (C) 60 jours avant la date présumée 
de mise-bas. Pendant huit semaines entre -60 et -10 jours par rapport à 
l’agnelage, chaque animal du groupe G a reçu une injection intramusculaire 
hebdomadaire de 1ml de β1,3-glucane. Les besoins nutritionnels ont été 
couverts. Des échantillons de sang ont été prélevés à -30, -20, -10, 0, +10, +20, 
+30 et +60 jours par rapport à l’agnelage. Le glucose, le L-lactate, les acides 
gras non estérifiés (AGNE), le β-hydroxybutyrate (βHB), la fructosamine, 
le cholestérol, les triglycérides, les protéines totales, l’albumine, l’urée, la 
créatinine, le calcium total et ionisé, le chlorure, le sodium, le potassium, 
le phosphore inorganique, le magnésium, l’aspartate aminotransférase 
(AST), la gamma glutamyl transférase et la créatine-kinase ont été mesurés. 
Les résultats ont été analysés avec un modèle en mesures répétées. Les 
brebis étaient cliniquement saines. Le glucose, le L-lactate, les AGNE et le 
βHB ont atteint un pic à la parturition (p<0,05). L’AST, la fructosamine et 
l’albumine étaient plus élevées dans C que dans G. La différence pour l’AST 
était significative (p <0,05) alors que pour les deux dernières variables elle 
n’était pas (p <0,10). Les concentrations d’urée étaient plus élevées dans G 
que dans C, mais la différence n’était pas statistiquement significative (p 
<0,10). En conclusion, dans cette expérience préliminaire, les changements 
en fonction du temps étaient compatibles avec une modification de l’état 
physiologique (gestation/lactation). Le β1,3-glucane n’a pas affecté le 
métabolisme énergétique. Le β1,3-glucane a semblé protéger le muscle et 
le foie car l’activité d’AST était réduit dans le groupe G. L’utilisation de β1,3-
glucane n’a pas eu d’incidence négative sur les animaux.

Mots-clés: β1,3-glucan; Brebis; Sang; Métabolites; 
Minéraux; Enzymes; Péripartum.
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β-glucans are a mixed group of compounds comprising of 
β-D-glucose polysaccharides which occur naturally in the cell 
walls of cereals, yeast, bacteria and fungi. A β-glucan which 
has been shown to have immunostimulatory activity is β-1,3-
glycopyranose a polymer of β-(1-3)-D-glycopyranosyl units 
with long branches of β-(1-6)-D-glycopyranosyl units [32]. 
However, very little information is available concerning its 
possible effects on metabolism and it is necessary to ensure 
that immune-stimulation is not obtained to the detriment of 
the animal’s metabolic adaptation to the peri-partum period.

Although extensive knowledge exists concerning 
metabolic disturbances in the peri-partum period, studies 
on the effects of treatment with β-glucan injections on 
metabolism are inexistent. Therefore, the current project 
was conducted to evaluate the influence of β-glucan 
administration on the metabolism of peri-parturient Santa 
Inês ewes.

Material and methods

ANIMALS AND EXPERIMENTAL PROTOCOL

The study was conducted in the northeast of Brazil at the 
Cattle Clinic of the Federal Rural University of Pernambuco 
in Garanhuns, for five months from September 2014 to 
February 2015. Fourteen clinically healthy pregnant Santa 
Inês ewes weighing between 40 and 50 kg were used in the 
experiment. The average body condition score of the ewes 
was 3.0-3.5 on a scale of 1-5 [8, 25]. The animals were raised 
under an intensive system, using the same hygiene, sanitary 
and nutritional management scheme, and assessed at the 
same metabolic stage (late gestation and early lactation).

On the 90th day of pregnancy, ewes were divided 
randomly into two groups of seven animals: Glucan group, 
received β1,3-glucan (Imunoglucan® Glucana (a polymer 
of β-(1-3)-D-glycopyranosyl units with branching at β-(1-
6)-D-glycopyranosyl units), Hebron Laboratory, Brazil) 
or Control group. The β1,3-glucan was injected at the 
recommended dosage of 1 mL intramuscularly once a week, 
from the -60 day until -10 day in relation to parturition. All 
animals were vaccinated (Poli-Star®, Vallée S/A Veterinary 
products Ltd, Brazil), dewormed (Diantel©, Oral solution, 
Hipra Saúde Animal Ltda, Brazil) and submitted to a daily 
clinical observation to detect possible peri-partum diseases. 
Ultrasonography (Ultrassom GE, modelo Logic 100 pro, 
Brazil) was performed to diagnose and monitor gestation 
[12]. Gestation length for each ewe was calculated from 
mating and lambing records.

During the experiment, the animals were housed in 
an open wooden sheep barn, the two groups were fed a 
commercial concentrate, 150g/animal/day twice daily, plus 
elephant grass (Pennisetum purpureum) and tifton (Cynodon 
sp). The diet was prepared to cover nutritional requirements. 
Fresh water and mineral salt were available ad libitum.

SAMPLING AND MEASUREMENT

Blood samples were collected on the 30th, 20th, 10th day 
ante-partum, at parturition and on the 10th, 20th, 30th and 
60th day postpartum [10]. Blood samples were taken by 
jugular venipuncture, with 25x8mm needles, into sterile 
vacuum tubes at 8h00 during the experiment prior to feed 
distribution. The blood sample collected on the day of 
parturition was collected just after parturition. One tube 
contained sodium fluoride and oxalate as anticoagulants 
for glucose and lactate analyses, while the other tube did 
not include anticoagulant and was used for biochemical 
and mineral analyses. In the laboratory, samples containing 
anticoagulant were immediately centrifuged at 3000xg for 
five min, and the plasma was removed, placed in eppendorfs, 
and stored in an ultra-low temperature freezer at -80°C until 
required for analysis. The other samples were allowed to clot 
for 15min to produce serum, and they were then centrifuged 
and stored under the same conditions as the samples with 
anticoagulant. 

Plasma samples were analysed for L-lactate (Biotécnica 
Ind. E Com. Ltda, Brazil) and glucose (Labtest Diagnóstica 
S.A., Brazil) and serum samples were analysed for beta-
hydroxybutyrate (βHB) and non-esterified fatty acids 
(NEFA)(using kits from Rambut Randox Laboratories Ltd, 
UK) and fructosamine, cholesterol, triglycerides (TRIG), 
urea and creatinine (Labtest Diagnóstica S.A., Brazil). Total 
protein and albumin (Labtest Diagnóstica S.A., Brazil) were 
measured by the biuret and bromocresol green methods 
respectively. Globulin concentration was calculated as the 
difference between total protein and albumin. Enzyme 
activities were determined in serum samples: aspartate 
amino transferase (AST), gamma glutamyl transferase 
(GGT) and creatine kinase (CK, Labtest Diagnóstica S.A., 
Brazil). All assays were performed using a semi-automatic 
analyser (Labquest, Labtest Diagnóstica S.A., Brazil) at 37°C. 
The inter-assay coefficients of variation were calculated using 
an in-house control plasma assayed 10 times: total protein 
(at 71.6 g/L, CV = 7.7%), cholesterol (at 5.93 mmol/L, CV 
= 5.7%), glucose (at 4.25 mmol/L, CV = 5.1%), L-lactate (at 
1.32 mmol/L, CV = 6.5%), NEFA (at 0.52 mmol/L, CV = 
7.2%), βHB (at 0.56 mmol/L, CV = 5.5%), fructosamine (at 
210 µmol/L, CV = 7.7%), albumin (at 30.3 g/L, CV = 6.7%), 
urea (at 8.3 mmol/L, CV = 7.9%), TRIG (at 0.25 mmol/L, CV 
= 7.1%), creatinine (at 57.3 µmol/L, CV = 10.2%), AST (at 
105 U/L, CV = 9.9%), CK (at 112 U/L, CV = 14.2%) and GGT 
(at 38.2 U/L, CV = 15.84%).

Serum concentrations of minerals: total calcium, 
inorganic phosphorus, magnesium and chloride were 
analysed by a semi-automatic biochemical analyser with 
commercial kits (Labtest Diagnóstica S.A., Brazil). Ionized 
Ca2+, Na+ and K+ ion concentrations were determined by an 
electrolyte analyser (Mod.9180, Cobas, Roche Diagnostics, 
Brazil). The inter-assay coefficients of variation were 
calculated using an in-house control serum assayed 10 times: 
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calcium (at 2.31 mmol/L, CV = 4.3%), inorganic phosphorus 
(at 1.26 mmol/L, CV = 6.30%), magnesium (at 0.82 mmol/L, 
CV = 4.34%), chloride (at 120.2 mmol/L, CV = 5.4%), ionized 
Ca2+ (at 1.12 mmol/L, CV = 6.4%), Na+ (at 152.2 mmol/L, CV 
= 6.9%) and K+ (at 4.51 mmol/L, CV = 6.2%). 

STATISTICAL ANALYSIS

Statistical analysis was performed using a linear mixed 
model with the MIXED procedure in SAS [27] for repeated 
measures, including a random female effect. The effects of 
experimental treatment, time and their interaction were 
tested on plasma and serum measurements. Least square 
(LS) means were subsequently compared with the Contrast 
statement in the MIXED procedure. The figures chosen to 
represent some of the data are boxplots.

ETHICAL COMMITTEE

The experimental protocol was approved by the Animal 
Ethics Committee (CEUA) of the Rural Federal University 
of Pernambuco under license No. 004/2014 (protocol No. 
23082.013890/2013-85) according to the Brazilian School 
for Animal Experimentation (COBEA -Colégio Brasileiro de 

experimentação animal) and the National Institute Guide for 
the Care and Use of Laboratory Animals.

Results

ENERGY METABOLISM INDICATORS

There was no change in BCS throughout the experiment. 
The BCS remained constant between 3.0 and 3.5 (data not 
shown). Glucose, L-lactate, NEFA and βHB were unaffected 
by treatment however, there was a significant effect of time 
on these analytes (P<0.01, Table I) where concentrations 
peaked on the day of parturition. Fructosamine was higher 
in the Control compared to the Glucan group although 
the difference was not statistically significant (P=0.07) 
and concentrations increased just before parturition and 
remained high thereafter (P=0.0002, Figure 1). Cholesterol 
and triglycerides were unaffected by treatment (Table  I). 
However, their concentrations increased just before 
parturition and then declined with time (P<0.0001). 

Metabolite Group
Sampling time

P values
-30d -20d -10d Parturition +10d +20d +30d +60d

Glucose                 
(mmol/L)

Glucan 2.8±0.22 3.1±0.61 3.1±0.48 7.2±3.20 3.0±0.34 2.9±0.37 3.2±0.29 3.0±0.26 Treat = 0.26

Control 2.8±0.25 2.8±0.37 2.5±0.23 6.6±2.44 2.8±0.36 2.6±0.37 3.1±0.19 3.0±0.16 Time <0.0001

Interaction = 0.75

L-lactate              
(mmol/L)

Glucan 1.1±0.47 1.5±0.59 1.2±0.89 2.4±1.12 0.7±0.31 0.5±0.14 0.8±0.30 0.5±0.13 Treat = 0.71

Control 1.2±0.74 1.3±0.80 0.8±0.24 2.6±1.08 0.7±0.34 0.7±0.24 0.8±0.30 1.0±0.74 Time < 0.0001

Interaction = 0.75

NEFA                     
(mmol/L)

Glucan 0.5±0.49 0.4±0.33 0.5±0.47 1.1±0.54 0.2±0.19 0.3±0.20 0.6±0.45 0.2±0.05 Treat = 0.36

Control 0.6±0.54 0.2±0.16 0.4±0.20 1.1±0.54 0.8±0.28 0.5±0.36 0.4±0.49 0.5±0.52 Time <0.0001

Interaction = 0.23

βHB                    
(mmol/L)

Glucan 0.3±0.09 0.4±0.06 0.3±0.07 0.5±0.13 0.4±0.08 0.3±0.09 0.4±0.15 0.3±0.08 Treat = 0.28

Control 0.4±0.08 0.3±0.06 0.3±0.05 0.4±0.15 0.5±0.11 0.5±0.29 0.5±0.16 0.4±0.10 Time = 0.0087

Interaction = 0.053

Cholesterol           
(mmol/L)

Glucan 1.8±0.33 2.1±0.46 2.1±0.41 1.7±0.35 1.7±0.42 1.7±0.39 1.9±0.33 1.9±0.30 Treat = 0.50

Control 1.8±0.30 2.1±0.28 2.1±0.40 1.7±0.33 1.7±0.38 1.7±0.17 1.9±0.37 1.9±0.30 Time < 0.0001

Interaction = 0.92

Triglycerides                    
(mmol/L)

Glucan 0.2±0.05 0.3±0.07 0.3±0.10 0.2±0.06 0.2±0.07 0.2±0.05 0.1±0.03 0.2±0.09 Treat = 0.24

Control 0.2±0.05 0.3±0.08 0.2±0.06 0.2±0.05 0.2±0.06 0.1±0.03 0.1±0.02 0.1±0.02 Time < 0.0001

Interaction = 0.08

NEFA: non-esterified fatty acids; βHB: beta-hydroxybutyrate; Treat = treatment effect; Time = time effect; Interaction = interaction between treatment and time.

Table I: Effect of treatment (glucan, n = 7 and control, n = 7), sampling time and their interaction on blood energy metabolites in Santa Inês ewes during late 
pregnancy and early lactation. Values are LS means ± standard error.
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Figure 2: Blood albumin concentrations in Santa Inês ewes during 
late pregnancy and early lactation in relation to seven intramus-
cular injections of β1,3-glucan given during the injection period 
(                             , -60 to -10 days in relation to lambing). Control, n = 
7 and β1,3-glucan, n = 7. Values are represented as boxplots. Statistical 
differences  correspond to the results from  an analysis model for 
repeated measures.

Figure 1: Blood fructosamine concentrations in Santa Inês ewes during 
late pregnancy and early lactation in relation to seven intramus-
cular injections of β1,3-glucan given during the injection period 
(                             , -60 to -10 days in relation to lambing). Control, n = 
7 and β1,3-glucan, n = 7. Values are represented as boxplots. Statistical 
differences  correspond to the results from  an analysis model for 
repeated measures.

Figure 4: Blood aspartate amino transferase (AST) concentrations in Santa 
Inês ewes during late pregnancy and early lactation in relation to seven 
intramuscular injections of β1,3-glucan given during the injection 
period (                             , -60 to -10 days in relation to lambing). 
Control, n = 7 and β1,3-glucan, n = 7. Values are represented as box-
plots. Statistical differences  correspond to the results from  an analysis 
model for repeated measures.

Figure 3: Blood urea concentrations in Santa Inês ewes during late pre-
gnancy and early lactation in relation to seven intramuscular injections 
of β1,3-glucan given during the injection period (                             , -60 
to -10 days in relation to lambing). Control, n = 7 and β1,3-glucan, n = 
7. Values are represented as boxplots. Statistical differences  corres-
pond to the results from  an analysis model for repeated measures.
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Metabolite Group
Sampling time

P values
-30d -20d -10d Parturition +10d +20d +30d +60d

Total 
protein
(g/L)

Glucan 70.2±5.45 64.5±11.60 59.1±8.84 63.5±4.57 68.4±5.20 66.5±3.16 66.7±7.63 71.2±5.20 Treat = 0.80

Control 71.6±4.52 67.0±6.17 58.1±5.31 65.0±5.59 71.4±4.25 64.4±3.88 63.8±9.20 73.7±8.33 Time <0.0001

Interaction = 0.66

Globulin
(g/L)

Glucan 42.7±4.83 37.9±11.23 27.6±14.47 36.7±5.31 42.8±3.72 39.6±3.63 37.9±7.82 44.4±5.56 Treat = 0.84

Control 42.9±5.50 36.4±5.94 26.3±5.74 36.0±6.39 42.5±5.90 36.6±5.00 36.4±10.71 47.9±9.41 Time <0.0001

Interaction = 0.91

A/G
Glucan 0.7±0.10 0.8±0.23 1.9±1.77 0.8±0.16 0.6±0.05 0.7±0.11 0.8±0.28 0.6±0.10 Treat = 0.82

Control 0.7±0.12 0.9±0.20 1.3±0.34 0.8±0.22 0.7±0.13 0.8±0.14 0.8±0.34 0.6±0.13 Time <0.0001

Interaction = 0.46

Creatinine
(µmol/L)

Glucan 73.5±6.89 70.2±2.44 75.8±9.08 74.6±8.27 58.8±5.23 59.9±10.15 66.2±10.77 68.3±10.11 Treat = 0.81

Control 66.5±11.45 69.1±12.97 76.5±11.05 80.9±8.46 64.8±9.85 66.0±8.23 64.7±11.74 65.8±9.38 Time <0.0001

Interaction = 0.11

A/G: Albumin (Figure 2) and globulin (Table 2) ratio; Treat = treatment effect; Time = time effect; Interaction = interaction between treatment and time.

Table II: Effect of treatment (glucan, n = 7 and control, n = 7), sampling time and their interaction on blood protein metabolites in Santa Inês ewes during 
late pregnancy and early lactation. Values are LS means ± standard error.

PROTEIN METABOLISM INDICATORS 

Total protein and globulin were not affected by treatment 
(Table II). However, their concentrations decreased before 
parturition and then subsequently increased (P<0.0001). 
Albumin was affected by treatment (Control > Glucan) 
although the difference was not statistically significant 
(P=0.062, Figure 2). A significant time effect was observed 
(P<0.001) where the highest average value was observed at 
-10d compared to the other time points. Urea was affected 
by treatment (Glucan > Control) although the difference was 
not statistically significant (P<0.10, Figure 3). There was also 
a significant effect of time on urea concentrations (P=0.029), 
where urea peaked on the day of parturition. Creatinine was 
unaffected by treatment (Table II) but concentrations peaked 
just before and at parturition (P<0.0001).

ENZYME PROFILES

AST activity was higher in the Control compared to the 
Glucan group (P=0.035, Figure 4). AST and GGT activity 
were higher in lactation than during the end of gestation 
(P<0.05, Figure 4 and Table III). Creatine kinase was 
unaffected by treatment and time (Table III). 

MINERAL METABOLISM INDICATORS 

Total and ionized calcium, magnesium, chloride, inorganic 
phosphorous, sodium and potassium concentrations were 
not affected by treatment (Table IV). Total and ionized 
calcium were unaffected time. Chloride increased after 

parturition (P=0.002). Inorganic phosphorous decreased up 
to parturition and then increased (P<0.001). Sodium and 
potassium peaked before parturition (P<0.05). 

Discussion

Body condition score (BCS) was constant throughout 
the present experiment. This is in contrast with other studies 
[25, 26] which showed that BCS decreased over the peri-
partum period. It was concluded [33] that the change in BCS 
was due to a decrease in dry matter intake. The ewes in our 
experiment appeared to be able to maintain a neutral energy 
balance probably because our ewes produced singletons 
except one ewe which produced twins. Similar results have 
been obtained by others [2, 11, 26].

The blood concentrations of glucose, L-lactate, NEFA, 
βHB, cholesterol, triglycerides, total protein, albumin, 
AST and CK were within the reference intervals for sheep 
[19, 21]. Glucose, L-lactate, NEFA and βHB, fructosamine 
and potassium evolved with time, peaking just before or 
at parturition. This is a normal picture of the response in 
metabolism to the ‘stress’ of parturition due to increased 
cortisol concentrations seen at parturition. Total protein 
and globulin concentrations decreased significantly at 
parturition. This was probably due to the need for globulins 
to make up the IgG component of colostrum. Total protein 
concentrations are highly dependent on blood globulin. 
Although within the reference interval both AST and GGT 
were low prior to parturition and then increased after 
parturition. AST is an indicator of muscle insult and may 
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Metabolite Group
Sampling time

P values
-30d -20d -10d Parturition +10d +20d +30d +60d

GGT 
(U/L)

Glucan 53.6±6.25 59.0±12.27 55.7±7.28 62.3±11.20 80.9±30.22 75.4±31.66 71.0±24.08 63.4±24.09 Treat = 0.61

Control 55.7±10.56 54.6±9.29 52.5±8.18 60.1±8.18 72.1±9.73 64.5±13.14 64.5±13.14 69.9±9.29 Time <0.0001

Interaction = 0.56

CK 
(U/L)

Glucan 121.4±48.58 131.8±52.21 118.0±29.51 121.4±28.00 149.2±25.98 121.4±34.35 142.2±69.29 138.8±23.11 Treat=0.97

Control 149.2±51.40 125.5±41.84 128.4±38.95 124.9±29.51 114.5±41.39 111.0±30.90 124.9±51.39 166.5±127.29 Time=0.61

Interaction = 0.62

GGT: gamma glutamyl transferase; CK: creatine kinase; Treat = treatment effect; Time = time effect; Interaction = interaction between treatment and time.

Table III: Effect of treatment (glucan, n = 7 and control, n = 7), sampling time and their interaction on enzymes in Santa Inês ewes during late pregnancy and 
early lactation. Values are LS means ± standard error.

Ions Group
Sampling time

P values
-30d -20d -10d Parturition +10d +20d +30d +60d

Total calcium 
(mmol/L)

Glucan 2.2±0.12 2.2±0.33 2.5±0.18 2.3±0.30 2.3±0.15 2.3±0.20 2.3±0.29 2.3±0.26 Treat = 0.82

Control 2.3±0.21 2.4±0.16 2.3±0.26 2.2±0.17 2.4±0.11 2.2±0.14 2.3±0.14 2.3±0.24 Time = 0.47

Interaction = 0.98

Cl- 

(mmol/L)
Glucan 109.3±4.89 112.6±8.94 109.0±3.46 107.4±8.00 111.0±2.62 116.0±4.47 112.0±3.21 107.9±4.60 Treat = 0.47

Control 107.6±5.44 115.1±9.70 111.3±2.93 111.0±5.39 110.9±2.98 114.4±3.36 113.6±4.28 109.0±4.97 Time = 0.002

Interaction = 0.82

Inorganic 
phosphorous 

(mmol/L)

Glucan 2.3±0.47 1.9±0.55 1.7±0.46 1.6±0.50 2.0±0.25 1.8±0.51 2.1±0.42 1.7±0.59 Treat = 0.68

Control 1.9±0.52 1.6±0.36 1.5±0.57 1.4±0.60 2.1±0.50 2.0±0.49 2.0±0.60 1.9±0.58 Time = 0.001

Interaction = 0.41

Mg++ 

(mmol/L)
Glucan 1.1±0.23 1.1±0.15 1.1±0.14 1.1±0.32 1.0±0.16 1.1±0.34 1.1±0.17 1.0±0.15 Treat = 0.20

Control 1.2±0.21 1.2±0.24 1.1±0.19 1.1±0.24 1.1±0.09 1.0±0.23 1.0±0.21 1.2±0.26 Time = 0.71

Interaction = 0.45

Na+ 

(mmol/L)
Glucan 145.4±7.04 145.6±4.20 155.4±14.44 149.1±2.54 146.6±0.98 147.4±2.30 145.9±2.34 147±2.00 Treat = 0.65

Control 150.0±18.97 146.0±3.37 153.6±10.34 150.6±1.90 146.3±1.89 146.6±1.90 147.9±1.95 146.6±1.62 Time = 0.02

Interaction = 0.9

K+ 

(mmol/L)
Glucan 4.5±0.28 4.4±0.32 4.9±0.30 4.5±0.18 4.4±0.38 4.3±0.35 4.4±0.33 4.4±0.38 Treat = 0.77

Control 4.6±0.22 4.5±0.48 4.7±0.46 4.4±0.23 4.5±0.36 4.4±0.26 4.5±0.30 4.4±0.27 Time = 0.01

Interaction = 0.95

Ca++ 

(mmol/L)
Glucan 0.8±0.18 1.0±0.31 1.1±0.18 1.0±0.13 1.0±0.17 1.1±0.14 1.0±0.15 1.0±0.13 Treat = 0.37

Control 1.0±0.32 1.2±0.15 1.1±0.21 1.0±0.10 1.0±0.13 1.0±0.15 1.0±0.15 1.0±0.14 Time = 0.17

Interaction = 0.22

Cl-: chloride; PO4-3 : phosphate; Mg++: magnesium; Na+: sodium; K+: potassium; Ca++: ionized calcium; Treat = treatment effect; Time = time effect; Interaction 
= interaction between treatment and time.

Table IV: Effect of treatment (glucan, n = 7 and control, n = 7), sampling time and their interaction on blood ions in Santa Inês ewes during late pregnancy 
and early lactation. Values are LS means ±standard error.
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indicate that there was mobilisation of muscle protein for 
lactation [29]. The activity of AST was significantly lower in 
the blood of glucan sheep compared to controls, possibility 
indicating reduced muscle insult. However, creatine kinase, 
another enzyme used to judge muscle [5], was unaffected by 
treatment. GGT is an indicator of liver damage or insult as in 
the case of hepatic lipidosis [28], which is often encountered 
in early lactation. However, if hepatic lipidosis existed in the 
present experiment it was very mild since other analytes 
such as urea or albumin, which can also be used as indicators 
of hepatic lipidosis, were not affected in a way which was 
indicative of lipidosis.

Immune function is depressed around parturition and 
the most important mechanism appears to be an energy 
deficit which increases the release of NEFA from adipose 
tissue and the production of ketone bodies by the liver [14, 
15]. Indeed, leukocytes from hyperketonaemic cows showed 
a lower capacity for phagocytosis and the influx of leukocytes 
from blood into milk in mastitis was decreased when ketone 
bodies were raised [31, 37]. High plasma NEFA contribute 
to the development of fatty liver syndrome which is a 
contributing factor to peri-parturient immunosuppression 
in the postpartum period [18, 20]. It was shown [35] that 
inflammatory immune genes were up-regulated in cows 
suffering from severe negative energy balance and that at the 
same time genes involved in the acquired immune response 
were down-regulated [22]. In this context treatment with 
glucan may possess the ability to up-regulate the immune 
system. Indeed, β1,3-glucan exerts potent effects on the 
immune system by stimulating anti-tumour and anti-
microbial activity. Glucan is thought to activate macrophages 
[6]. Indeed, glucan injection during lactation in sheep was 
able to reduce the severity of a Staphylococcus haemolyticus 
intra-mammary challenge [7]. However, it is necessary to 
evaluate any potential effects that glucan has on metabolism, 
particularly glucose, in the peri-parturient animal, since they 
face major metabolic challenges during this period. Indeed, 
one of the main fuels for cells involved in the immune system 
is glucose [36].

Ruminants rely principally on hepatic gluconeogenesis for 
their glucose supply since glucose absorption levels are low. 
In addition to glucose requirements for the immune system, 
the gravid uterus during late pregnancy and the lactating 
mammary glands also need glucose. Major adjustments 
in glucose production and utilization in maternal liver, 
adipose tissue and skeletal muscle are required during this 
period. Measurement of glucose concentrations indicates 
transient changes due to diurnal, dietary and individual 
factors. In human medicine, the measurement of products 
of blood protein glycation (HbA1c, fructosamine) has been 
established as an indicator of glycaemia over a longer period 
of time where the carbonyl group of a sugar binds to a free 
amino-group of a protein [3, 19]. There are several small 
indicators that glucan may have increased glucose use perhaps 
as a result of the immune system being stimulated. Blood 

albumin (and fructosamine) tended to be reduced and urea 
increased by glucan compared to control. This could suggest 
that glucose production from amino acids and labile proteins 
was higher in glucan animals because they had higher urea 
concentrations due to increased levels deamination during 
the process of gluconeogenesis. 

In conclusion, the weekly intramuscular administration 
of β1,3-glucan in the peri-partum period in Santa Inês ewes 
did not modify the metabolic profile. Further research on 
its immunological activity in small ruminants would be 
interesting to conduct. 
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