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ABSTRACT 

A commercial probiotic strain Enterococcus faecium 68 (SF68) was supplemented to the first day colostrum continued 

with the commercial milk replacer until weaning day (35 days) in newborn goat kids to evaluate its efficacy as a 

probiotic on the innate immunity and blood biochemical parameters. Blood samples were collected at 2, 12, 24 h after 

birth, and at day 5 and 7, and thereafter at weekly intervals until the end of the experiment (day 35). Plasma protein and 

immunoglobulin content, leukocyte count, and leukocyte reactive oxygen species (ROS) production were analyzed. 

Results suggested that the count of blood leukocytes increased continuously up to day 35, especially in SF68-

supplemented group. Plasma protein content peaked at 12-h of age regardless of SF68 supplementation. The abundance 

of plasma γ-globulins also increased to reach the top at 12-h and goat kids with the SF68 supplementation had higher 

levels of plasma γ-globulin and albumin. The ROS production of blood leukocytes increased continuously up to day 35, 

and the increase was more dramatic in goat kids fed with SF68 supplementation. The results suggested that SF68 

supplementation in goat kids can benefit innate immunity of goat kids before weaning.   
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INTRODUCTION 

 For a long time, farmers in Thailand has been 

looking for feed management and products to improve 

the performance of livestock, especially the health of 

neonates. In Thailand, and around the world, antibiotics 

have been commonly used to promote both health and 

growth in a variety of domesticated animals (Wongsuvan 

et al., 2018) and have been shown to be effective in 

acting against pathogens by supporting the immune 

system. However, there are also adverse outcomes 

resulting from the use of antibiotics. In particular, 

bacterial populations can build resistance to the 

antibiotics used, so to prevent this from occurring, 

farmers in the European Union have no longer been 

permitted to use antibiotics to encourage stronger growth 

following measures introduced in 1999 (Abe et al., 1995; 

Casewell et al., 2003). The prohibition has led to poor 

animal performances and increased the incidence of 

certain animal diseases. Thus, there is urgently required 

to find alternatives replace antibiotics for better 

performance of domestic animals.  

 Systemic immune responses can be modulated 

by probiotic bacteria through the gut-associated immune 

system (Gill et al., 2001; Schultz et al., 2003; Braat et al., 

2004; Pohjavuori et al., 2004). In this process, the 

probiotic bacteria are able to pass in a paracellular 

manner through the epithelial cells found in the Peyer’s 

patches, thereby serving to activate those immune cells 

which perform a surveillance role (Maldonado et al., 

2007). Probiotic bacteria can be especially helpful 

through their influence upon local and systemic immune 

systems, and therefore have potential to be used to better 

the health of livestock and serve as an alternative to the 

use of antibiotics in addressing the threat from pathogens. 

A majority of the probiotic bacteria to which livestock 

would be exposed are of the type of indigenous 

microbiota which can be found in the intestine of the 

host. Studies have shown that immune systems of 

domestic animals can benefit from the dietary use of the 

Enterococcus faecium strain SF68 (SF68) which is a 

gram-positive endospore-forming bacteria first obtained 

in Sweden using the feces of a healthy baby (Veir et al., 

2007; Simpson et al., 2009; Bybee et al., 2011). Similar 

benefits were found when the bacteria were isolated from 

pigs (Scharek et al., 2005; Broom et al., 2006; Scharek et 

al., 2007). In the case of newborn animals, it is essential 

to consume high quality colostrum in adequate quantities 

during the initial 24 hours after birth in order to ensure 

the productivity and general health of the animal as it 

develops (Gay, 1983; DeNise, 1989). Passive transfer of 

colostrum immunoglobulins is a critical prerequisite for 

neonate animal health and survival, which can reduce the 
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mortality rate during the preweaning period. Poor 

formation, ingestion, or absorption of colostrum-derived 

immunoglobulin factors results in a failure of passive of 

immunity (FPT), leading to an increased risk of infection 

and thereby higher rates of mortality along with adverse 

consequences for the longevity, health, and productivity 

of the members of the herd (Poulsen et al., 2010). This 

study was therefore conducted with the aim of assessing 

the effects of probiotic bacteria upon the innate systemic 

immune response and the biochemical changes in the 

blood of goat kids. Plasma protein content and the ROS 

production capacity of blood leukocytes were accessed as 

indicators of the health and general anti-bacterial 

potential in the goat kids. 

MATERIALS AND METHODS 

Animals: Ten healthy newborn goat (2 Toggenberg, 3 

Nubian, 3 Saanen, and 2 Alpine) at birth weighed ranging 

from 3.0- 4.0 kg with normal appetite and activity were 

used in the study. The study was conducted with the goat 

kids in weaning period immediately after birth to the age 

of 35 days. Goat kids were randomly divided into two 

treatments with five animals per treatment; Treatment A, 

goat kids were provided with doe’s colostrum within 2 h 

and then were fed commercial cow milk replacer without 

probiotic supplementation (control) twice daily at 

approximately 0700 and 1600 h till day 35 of age; and 

treatment B, Enterococcus faecium 68 (SF68) strain (1× 

109 CFU/feeding) was supplemented into doe’s colostrum 

within 2 h and continue to supplement in the milk 

replacer in the morning meal at day 7, day 14, day 21, 

and day 28, respectively. Throughout the study, goats 

were housed indoors in raised pens with slotted floors. A 

commercial starter diet containing 18% crude protein, 

3.5% crude fat and 14% crude fiber was provided at 7 

days of age. Water and mineral salts were available ad 

libitum. Approval for the use of animals in the study was 

granted by the Animal Use and Care committee of the 

Faculty of Animal Sciences and Agricultural Technology, 

Silpakorn University Phetchaburi IT Campus, based on 

the Ethic of Animal Experimentation of National 

Research Council of Thailand. 

Weighing of the animals: All animals of both groups 

were weighed immediately after birth (0-day of age) and 

at 7-day of age, at 21-day of age, and 35-day of age. 

Sampling: Peripheral blood samples of goat kids were 

collected from the jugular vein prior to the first colostrum 

feeding (< 2 h), and then before morning meal feeding 

after 5 days, 7 days, 14 days, 21 days, 28 days, and 35 

days, respectively. All samplings were performed 

aseptically and transported in ice bath for immediate 

preparation. 

Sample preparation: Samples of blood were placed in 

heparinized tubes and centrifuged at 1800 x g for 30 min 

at 4°C in order to separate the plasma from its particulate 

fractions. Plasma was stored in aliquots under -20°C for 

further analyses within two weeks. Red blood cells in the 

particulate fraction was lysed (BioLegend, San Diego, 

Ca, USA) and the remaining leukocytes were 

subsequently rinsed using ice-cold Dulbecco's Phosphate-

Buffered Saline (DPBS, without Ca+2/Mg+2; Sigma-

Aldrich) before suspension in Hanks’ balanced salt 

solution (HBSS, enriched with 0.25 mM Ca+2/Mg+2; 

Sigma-Aldrich). The HBSS leukocyte suspension was 

enumerated under microscope, and volume of HBSS 

suspension necessary for immediate assay of ROS 

production capacity of blood leukocytes was calculated.  

 A dry-binding reagent (Bio-Rad Laboratories, 

Hercules, CA, USA) was used to determine the total 

plasma protein content using a microplate (Multiskan 

Ascent, ThermoLabsystems, Helsinki, Finland) using 

BSA (Sigma-Aldrich) to construct a standard curve for 

calculating the volume necessary for SDS-PAGE.  

SDS-PAGE: The native SDS-PAGE (Laemmli, 1970) 

system was used to resolve the protein composition of 

plasma. The separation gel concentration was used at 7% 

acrylamide. For each sample, the amount of volume 

containing 10-µg total proteins was used for to SDS-

PAGE (Minigel, Bio-Rad Laboratories, Hercules, CA, 

USA) to obtain the greatest band area per µg protein. 

Samples were firstly mixed with the 2X native sample 

buffer (Bio-Rad Laboratories) (pH 6.8, with 62.5 mM 

Tris-HCl, 40% glycerol, 0.01% bromophenol blue) prior 

to separation using SDS-PAGE. Subsequently, staining 

of the gels was performed for 60 min using Bio-Safe™ 

Coomassie G-250 Stain (Bio-Rad Laboratories) followed 

by destaining for 30 min twice in distilled water for band 

visualization. The plausible protein components were 

identified on air-dried gel and the putative γ-globulin 

band was defined of 110 to 150 kDa in size, and BSA 

was 50 to 60 kDa. The respective band image was 

captured with Epson Stylus TX130 (Seiko Epson 

Corporation, Nagano, Japan) and quantified by Image J 

software (v.1.50i; National Institutes of Health, Bethesda, 

MA, USA). The integrated band area was then adjusted 

for the amount of protein loaded and the greatest band 

area per µg loading protein was obtained. The plasma 

samples collected on different days from the same 

animals were resolved on the same gel in parallel with the 

accepted standards for molecular weight (Precision Plus 

Protein Standards, Bio-Rad Laboratories). 

Chemiluminescence assay for the ROS production 

capacity of cells: The phorbol 12-myristate 13-acetat 

(PMA)-stimulated assay (Peng et al., 2013; Tiantong et 

al., 2015b) was used to stimulate ROS production. To 

summarize, an aliquot of the fresh HBSS cell suspension 

which contained 1× 106 blood leukocytes underwent 



Tiantong et al.,  The J. Anim. Plant Sci. 30(5):2020 

 1108

initial maintenance for 10 min at 37°C before the 

introduction of 300-µg of 1 mM luminol (Sigma-Aldrich) 

(in 0.1 M DMSO/0.05 M Na2CO3/1.5 mM CuSO4). To 

perform the reading for chemiluminescence, 50-µl of 

PMA stock solution (200 µg/ml DMSO) with HBSS was 

added to the suspension, whereupon further HBSS was 

used to make up the final reaction volume to ≤1000-µl. 

The emission counts per second (CPS) was recorded 

instantly every min for 20 min in a luminometer 

(Triathler, type 425-014, Hidex, Turku, Finland). The 

ROS production capacity of cells was defined as the net 

response to PMA stimulation which was expressed as the 

area under CPS-time curve (AUC) after adjusting for the 

starting CPS value. 

Statistical analysis: The data of body weight gain, total 

blood leukocyte count, ROS production capacity of blood 

leukocytes, total plasma protein concentration, and 

plasma protein composition were analyzed by analysis of 

variance (ANOVA) using a General Linear Model 

(GLM) procedure on SAS software (SAS, 2008). When 

differences among diet treatment means or treatment 

sampling date interactions were significant, the 

differences between paired means were tested with 

Duncan’s new multiple range test. Differences were 

considered significant at P ≤ 0.05. The results are 

presented as the mean values and standard error of the 

means.         

RESULTS 

Body weight gain: The average weights of goat kids 

increased with time course and SF68-supplemented goat 

kids had a higher body weight than the control 

throughout the trial although no statistically significant 

difference was found when P>0.05 (Figure 1). 

 
Fig 1. Effect of dietary supplementation of SF68 on 

body weight goat kids. a,b,c Those values 

which are indicated using a superscript were 

significantly different at the different time 

intervals within the same treatment at the 

significance level of P<0.05. 

Total blood leukocyte count: The total blood leukocyte 

counts for goat kids with SF68 supplementation increased 

gradually to reach a top at day 5, decline to day 21 and 

then increase again to reach another top at day 35, 

whereas the control goat kids exhibited a similar but 

lower increase of leukocyte counts to reach the top at day 

5, decline to day 21, but remain a constant level to day 35 

(P<0.05, Figure 2). The blood total leukocyte counts of 

SF68 group were found to be statistically significantly 

(P<0.05) greater after 24 h, day 5, day 28, and day 35, 

when compared to the control group at a significance 

level of P<0.05. 

 
Fig 2. Effect of dietary supplementation of SF68 treatment on blood leukocyte counts. Values indicated by 

different superscript letters (a, b, c) were significantly different among different times intervals within 

the same treatment at P<0.05 level. *; indicates a significant difference (P< 0.05) between SF68-

supplemented and control at the same time point. 
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ROS production capacity of blood leukocytes: Similar 

to the blood total leukocyte count, ROS production 

capacity of leukocytes from SF68-supplementation goat 

kids increased gradually to reach a top at day 5, declined 

to day 21 and then increased again to reach another top at 

day 35, whereas the control goat kids exhibited a similar 

but lower production to reach the top at day 5, decline to 

day 21, but remain constantly to day 35 (P<0.05, Figure 

3, panel A). Consequently, ROS production capacity of 

blood leukocytes of SF68 group was significantly 

(P<0.05) higher at 24 h, day 5, 7, 14, 35 than those of the 

control group (P<0.05, Figure 3, panel B). 

 
Fig 3. Effect of dietary supplementation of SF68 treatment on ROS production of peripheral leukocytes. 

Representative profiles of ROS production using CPS (counts per second) were shown in panel A. The 

corresponding area under the CPS times curve (AUC) after adjusting for the different starting CPS value 

at 1 min were shown in panel B. a,b,c Those values which are indicated using a superscript were 

significantly different at the different time intervals within the same treatment at the significance level of 

P<0.05. *Significant differences (P<0.05) were observed between the SF68-supplemented and the control 

group for similar time intervals. 

 

 Total plasma protein concentration: In both 

groups, total plasma protein concentration increased 

dramatically at 12 h then decreased and maintained a 

constant level thereafter, in which SF68 supplemented 
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goat kids had a significantly higher plasma total protein 

level at 12, and 24 h than the control. (P<0.05, Figure 4). 

Plasma protein composition: A typical plasma total 

protein profile was shown in Fig. 5. Visually, the putative 

γ-globulin and albumin bands represented the most 

distinguishable protein components. The means and SE 

of quantification results for the abundance of γ-globulin 

and BSA (band area/µg protein) were shown in Fig.6. 

The abundance of γ-globulin was significantly increased 

(P<0.05) at intervals of both 12 h and 24 h in comparison 

to the observation at 2 h (pre-colostrum fed). It was also 

shown that the level of γ-globulin was statistically 

significantly greater at 12 h for the experimental group 

when compared to the control group at the significance 

level of P<0.05. Moreover, plasma albumin was observed 

in significantly greater levels after 12 h in the 

experimental group when compared to the control group 

at the significance level of P<0.05. 

 

 

Fig 4. The influence of diet supplements involving SF68 treatment upon the total level of plasma protein. a,b,c 

Those values which are indicated using a superscript were significantly different at the different time 

intervals within the same treatment at the significance level of P<0.05. *Significant differences (P<0.05) 

were observed between the SF68-supplemented and the control group at similar time intervals. 

 
Fig 5. The total protein profile for plasma. The findings were obtained by 7% SDS-PAGE using samples from 

goat kids using SF68-supplements (panel A) and control group (panel B). 
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Fig 6. The influence of diet supplements involving SF68 treatments upon levels of plasma -globulin and albumin. 

The findings were derived from analysis of the densitometrical intensity of the corresponding band in the 

SDS-PAGE.  a,b,c Those values which are indicated using a superscript were significantly different at the 

different time intervals within the same treatment at the significance level of P<0.05. *Significant 

differences were observed (P<0.05) between the SF68-supplemented group and the control group for 

similar time intervals. 

 

DISCUSSION 

 Based on our past studies that showed improved 

innate immunity by the commercial E. faecium (SF68) in 

bovine mammary gland during acute phase response 

along involution (Peng et al., 2013; Tiantong et al., 

2015a; Tiantong et al., 2015b), this work offers further 

evaluation of the influence of SF68 upon pre-weaning 

goat kids. Moreover, a feasible usage and effectiveness in 

the prophylactic control of diarrhea were also reported in 

buffalo calves (Masucci et al., 2010). Despite no effect 

on body weight gain as similar to the results from 

Whitley et al. (2009), we showed an improved innate 

immune response in pre-weaning goat kids by SF68 

supplementation in the colostrum or milk replacer.     

 An increase of plasma protein contents and γ-

globulin in colostrum by SF68 supplementation may 

indicate increased passive transfer of the colostral 

proteins into the circulation, or due to the immune system 

of newborn per se, which in turn can enhance humoral 
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defense in newborn animals. It has been reported that 

supplementation of SF68 could be increased the plasma 

IgG concentration along with the pro-inflammatory 

cytokines which include interleukin-4 (IL-4), IL-6, and 

interferon-γ (IFN-γ) in the mice (Sun et al., 2010). In 

addition, other research has indicated that the use of 

probiotics can support the immune system in the region 

of the intestinal mucosa which can ultimately enhance the 

production of IgA (Tejada-Simon et al., 1999; 

Timmerman et al., 2005; Kaburagi et al., 2007).  

 In SDS-PAGE, IgG1 and IgG2 behave as 

monomers (~ 150 kDa), IgA as a monomer or a dimer (~ 

385 kDa), while IgM as a hexamer (~ 900 kDa) 

(Elfstrand et al., 2002). Our definition of γ-globulin 

should have included all dominated Ig classes in the 

plasma except IgM. We found acutely increased plasma 

IgG in goat kids fed E. faecium (SF68). According to 

study by Sun et al. (2010), the concentration of IgA and 

IgG rose significantly in the plasma of mice which had 

been fed probiotics when compared to the control group. 

This increase is the result of the stimulatory influence of 

foods, including probiotics, when absorbed via the 

intestinal epithelial cells into the blood (Cruywagen et al., 

1996; Benyacoub et al., 2005). Serum albumin is one of 

the most abundant proteins in blood plasma in mammal 

species. Its main function is the regulation of the colloidal 

osmotic pressure of blood, which it appears to reflect its 

importance in animal physiology (Lee and Wu, 2015). 

During the course of this study, the greatest albumin level 

was recorded after 12 h in goat kids receiving the SF68-

supplement.  

 The total leukocyte is a reliable tool for 

assessing individual animals in measuring the peripheral 

immune response (Kaplan et al., 2004). In this study, a 

dramatically increased total leukocyte count by SF68 was 

observed. Similar results by was also reported in 

immunosuppressed Wistar rats (Kyakulaga et al., 2013) 

and by Coriolus versicolor in goats (Kingsley et al., 

2016) were also reported. 

 ROS (reactive oxygen species) are well-known 

to be an effective part of the immune system in 

supporting the destruction of invading pathogens. The 

capacity of ROS production represents the most powerful 

effect of innate immune systems for further cascades of 

innate and adaptive immune responses (Tiantong et al., 

2015 a). In previous studies, we showed increased ROS 

production capacity in mammary and peripheral 

leukocytes of dairy cow receiving SF68 from udder 

infusion (Peng et al., 2013; Tiantong et al., 2015 a).  The 

response may indicate a mild and physiological immune 

response as compared to the LPS challenge. 

 In conclusion, supplementation of E. faecium 

(SF68) has great potential to improve newborn’s health 

before entering the weaning period. Our findings 

suggested E. faecium (SF68) had a positive effect on the 

total plasma protein concentration, γ-globulin, albumin, 

total leukocyte counts and the reactive oxygen species 

(ROS) production, which benefits the newborn’s health 

and may lead to improved production in the following 

stage such as growth performance. 
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