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Abstract An experiment was conducted to study the effects of probiotics (Saccharomyces cerevisiae NCDC 49 and

Lactobacillus acidophilus-15) on blood biochemical profile, immunity and small intestine morphology in growing finishing

pigs, weaned at 28 days of age. Thirty-six cross-bred (Landrace X Desi) piglets were allocated to three treatments on the

basis of the body weight in a completely randomized design. Each treatment was comprised of four replicates with three

piglets in each. The three dietary treatments were: basal diet without any probiotic (Control), basal diet where 10 % of feed

was replaced by feed fermented with S. cerevisiae NCDC 49 with the count of 3–5 9 106 cfu/g (SC) and basal diet with

10 % of feed fermented with L. acidophilus-15 with the count of 2–3 9 109 cfu/g (LA). The results showed that probiotic

supplementation had no effect (P[ 0.05) on blood biochemical profile. Antibody titre against 20 % SRBC injection was

significantly higher in probiotic-supplemented groups than control. Villus height and villus height/crypt depth ratio of

jejunum were increased (P\ 0.01) in SC and LA groups as compared to control. It is concluded that inclusion of

probiotics at 10 % level of the basal diet improved the immunity and intestinal morphology of growing finishing pigs

weaned at 28 days of age.
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Introduction

The non-antibiotic approach to control the infections and

the enhancement of life performance are urgently required

because increases in microbial resistance to antibiotics

and residues in meat products can be harmful to con-

sumers. Probiotics have been used in swine industry not

only to enhance growth performance [3, 5], but also to

improve the body’s natural defences and gut health [21].

The manipulation of gut microbiota via the administration

of probiotic influences the development of the immune

response [10]. Probiotics have the ability to shape the

immune system by their physiological action in the

intestines and can improve the performance of the ani-

mals. It is suggested that the appropriate use of probiotic

can reduce the use of antibiotics in pig industry. The

feeding of Saccharomyces cerevisiae NCDC-49 (National

Collection of Dairy Cultures; NCDC) or Lactobacillus

acidophilus-15 to the piglets weaned at the age of 28 day

resulted in a significant improvement (13.43 and 12.79 %)

in weight gain as compared to control animals [14].

Various strains of S. cerevisiae and L. acidophilus were

tested in the laboratory for their potential as probiotic [1],

and the strains, S. cerevisiae NCDC 49 and L. aci-

dophilus-15, were found to be best. Therefore, the current

study was undertaken to determine the effect of dietary

supplementation of these two probiotics on blood bio-

chemical profile, immunity and small intestine morphol-

ogy to find out the changes taking place in the animals

along with improvement in body weight gain.
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Materials and Methods

Preparation of Probiotic Products

The probiotic products were prepared as described by

Agarwal et al. [1]. Microbes, S. cerevisiae (NCDC-49) and

L. acidophilus (NCDC-15) procured from National Dairy

Research Institute, Karnal, were maintained in laboratory

as stock culture. The yeast broth containing yeast extract

3.5 g, peptone 5.0 g and glucose 10.0 g per litre of distilled

water and Rogosa broth [18] were prepared and autoclaved.

From the stock culture, a loop full of S. cerevisiae and L.

acidophilus culture was transferred aseptically to 100 ml of

yeast broth and Rogosa broth, respectively. The broths

were incubated for 24 h at 37 �C. Basal diet (1000 g),

mixed with equal amount of water, was inoculated with

200 ml of 24-h old culture of S. cerevisiae, and similarly,

same amount of feed was inoculated with L. acidophilus

culture, separately. The S. cerevisiae-fermented feed was

fed to the animals of SC group and L. acidophilus-fer-

mented feed was fed to the animals of LA group. The same

fermented feeds were used as inoculums (20 % of con-

centrate mixture) for preparation of next day’s fermented

feed. After 15 days, fresh cultures were taken and used as

described above and used consecutively for next 15 days.

Animal Diets and Management

Thirty-six cross-bred (Landrace X Desi) piglets weaned at

28 days were randomly allotted to three treatments on the

basis of initial body weight in a randomized complete

block design. Each treatment had 12 piglets arranged in 4

replicates of 3 piglets in each. The three dietary treatments

were: basal diet without any probiotics (control), basal diet

where 10 % of feed was replaced with S. cerevisiae (SC)-

fermented feed (SC group) and basal diet where 10 % of

feed was replaced with L. acidophilus-fermented feed (LA

group). The fermented feeds had 3–5 9 106 cfu/g and

2–3 9 109 cfu/g of S. cerevisiae and L. acidophiolus.

Piglets were fed basal diet (concentrate mixture) as per

NRC [15] consisting of maize, soya bean, wheat bran and

fish meal as major ingredients (Table 1). The animals were

housed in cemented corrugated floor pens with no litter,

and each pen was equipped with a feeder and tap. During

experimental period, feed and water were provided ad li-

bitum. The feeding trial was conducted for 140 days.

Blood Biochemical Analysis

On 0 and 120 days of experiment, blood was collected and

serum was obtained to determine blood biochemical pro-

file. The serum was analysed for glucose, total protein and

albumin as per the methods described by Henry [8], Gor-

nell et al. [4] and Gustaffson [6], respectively. Globulin

was determined as the difference between total protein and

albumin concentration in the serum. Cholesterol and

triglycerides contents in the serum were estimated by the

method of Wybenga et al. [26] and McGowan [13].

Immunological Studies

Immunological studies were performed during the last

month of the experiment. Humoral response was studied by

microhemagglutination assay as described by Wagmann

and Smithies [24] against injecting 1 ml of a suspension of

20 % sheep red blood cells (SRBC) in phosphate-buffered

saline solution (PBS) i/m into the ham region of pig. Blood

samples were taken by venipuncture at 0, 7, 14, 21 and

28 days of post-injection. Pigs were again challenged with

SRBC on day 28 to investigate the secondary immune

response on day 35. Blood was centrifuged; serum was

collected and analysed for antibody titre against SRBC.

Cell-mediated immune response was assessed by mea-

suring the changes in skin-fold thickness in response to

intra-dermal injection with phytohemagglutinin-P (PHA-P;

Bangalore Genei, India). One mg of PHA-P was dissolved

in 1 ml of sterile physiological saline solution, and

resulting concentration was 100 lg/100 ll. The skin of the

area to be tested (upper side of each shoulder) was shaved

24 h in advance so as to facilitate subsiding of any

inflammation due to abrasion. Two hundred microlitres of

intra-dermal PHA-P was injected on the upper side of each

shoulder. The thickness of the skin was measured with the

help of a digital vernier caliper just before injection and

was represented as the basal (0 h) value. Subsequently, all

piglets were administered PHA-P into the centre of a 2-cm-

diameter circle marked on shaved skin. Skin thickness was

monitored at 24, 48, 72 and 96 h post-inoculation and

expressed as the percentage of increase in skin thickness

compared with 0 h.

Small Intestine Morphology

At day 120 post-weaning, four piglets per group were

slaughtered and the systemic necropsy was conducted. The

entire intestinal tracts were removed, and jejunum col-

lected from each animal was immediately fixed in 10 %

neutral buffered formalin. The specimens were then

dehydrated in graded alcohols, cleared with xylene and

embedded in paraffin, serial microtome sections (6 lm
thick) were stained with haematoxylin and eosin and

examined to assess microanatomical structure, number of

villi in 50 lm distance, villus height, crypt depth, width of

villi (in middle), intervillous distance, number of goblet
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cells and infiltration in lamina propria were determined at

10 9 magnification using light microscope, and villus

height and crypt depth ratio were calculated.

Statistical Analysis

The experimental data generated were analysed using sta-

tistical package SPSS 17.0. Means were compared using

Duncan’s multiple range test adopting standard statistical

procedures [23]. Bacteria and yeast count were transformed

log10 before statistical analysis.

Results and Discussion

In the present study, fermented feed was used as probi-

otics so that live cells of the microbes could be fed

because it has been documented that probiotics are more

effective when live cells are fed [20]. The fermented feeds

were counted at every 15-day interval, and the counts

were ranged 3–5 9 106 and 2–3 9 109 cfu/g for S.

cerevisiae and L. acidophilus. The feeding of either of the

probiotics significantly improved the body weight gain in

the piglets.

Table 1 Physical composition of basal diets for piglets

Ingredients (Parts/

100 Kg)

Body weights (kg)

5–10 10–20 20–50 50–80

Crushed maize 46 54 62 71

Deoiled Soybean meal 30 22 15 10

Wheat bran 16 16 15 13

Fish meal 06 06 06 04

Common salt 0.5 0.5 0.5 0.5

CP (%) 23.7 20.8 18.4 15.5

DE (kcal/kg) 3400 3399 3399 3390

Mineral mixture* 1.5 1.5 1.5 1.5

*Calcium, 12.5 %/kg; Phosphorus, 12.75 %/kg; Sulphur, 0.72 % and

Vitamin A, 7,00,000 IU/kg; Vitamin D3, 70,000 IU/kg; Vitamin E,

250 mg/kg; Nicotinamide, 1000 mg/kg; Cobalt, 150 mg/kg; Iodine,

325 mg/kg; Iron, 1500 mg/kg; Magnesium, 6000 mg/kg; Potassium,

100 mg/kg; Sodium, 5.9 mg/kg; Zinc, 9600 mg/kg

Table 2 Effect of different treatments on blood biochemical parameters

Attributes Treatment Period Mean P value

0 days 120 days T P T 9 P

Glucose(mg/dl) Control 104.7 ± 3.43 91.4 ± 1.83 98.3 ± 2.81 0.364 0.004 0.505

SC 105.7 ± 4.44 99.8 ± 3.37 102.8 ± 2.81

LA 104.8 ± 3.93 97.9 ± 2.41 101.4 ± 2.46

Mean 105.1 ± 2.12a 96.4 ± 1.70b

Total protein (g/dl) Control 6.7 ± 0.19 6.9 ± 0.23 6.8 ± 0.14 0.483 0.045 0.639

SC 6.8 ± 0.16 7.3 ± 0.38 7.0 ± 0.22

LA 6.5 ± 0.11 7.0 ± 0.28 6.8 ± 0.17

Mean 6.7 ± 0.09b 7.1 ± 0.17a

Albumin (g/dl) Control 3.9 ± 0.23 4.1 ± 0.12 4.0 ± 0.13 0.851 0.012 0.554

SC 3.9 ± 0.28 4.3 ± 0.25 4.1 ± 0.19

LA 3.7 ± 0.18 4.4 ± 0.11 4.1 ± 0.16

Mean 3.9 ± 0.13b 4.3 ± 0.10a

Globulin (g/dl) Control 2.8 ± 0.05 2.7 ± 0.21 2.8 ± 0.10 0.772 0.857 0.854

SC 2.8 ± 0.44 2.9 ± 0.45 2.9 ± 0.30

LA 2.8 ± 0.18 3.0 ± 0.29 3.0 ± 0.16

Mean 2.8 ± 0.15 2.8 ± 0.18

Cholesterol (mg/dl) Control 193.3 ± 29.00 122.6 ± 6.55 157.9 ± 18.31 0.988 0.000 0.927

SC 198.5 ± 20.65 114.4 ± 5.39 156.4 ± 17.26

LA 195.2 ± 22.39 115.2 ± 4.98 155.2 ± 17.17

Mean 195.2 ± 22.39a 117.4 ± 3.19b

Triglyceride (mg/dl) Control 59.6 ± 6.39 44.2 ± 3.72 51.9 ± 4.33 0.957 0.000 0.500

SC 64.2 ± 6.06 37.4 ± 2.90 50.8 ± 5.47

LA 64.5 ± 6.71 39.8 ± 2.80 52.2 ± 5.36

Mean 62.8 ± 3.47a 40.4 ± 1.85b

ab Means bearing different superscripts in a row differ significantly

SC Saccharomyces cerevisiae, LA Lactobacillus acidophilus
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Blood Biochemical Profile

Table 2 shows the effects of probiotics supplementation on

blood biochemical profile in weaned piglets. Determined

serum chemistry parameters including glucose, total pro-

tein, albumin, globulin, total cholesterol and triglycerides

were not affected by dietary supplementation of probiotics

(P[ 0.05). Chen et al. [2] also found no change in the

blood indices by feeding probiotic-supplemented feed to

the growing pigs. Pigs shifted to cholesterol-free diet had

lower cholesterol level, but feeding of 2.5 9 1011 cells of

L. acidophilus ATCC 42131 per kg feed resulted in further

lowering of cholesterol in comparison with non-probiotic

group [17], and the authors claimed that the probiotic has

anticholesterogenic characteristics. Kumar et al. [11] also

observed that the level of cholesterol was significantly

reduced in yeast fed piglets as compared to control. The

response of animal to the probiotic very much depends

upon the cultures used and its dose. Hung et al. [9] tested

two cocktails of microbial cultures as probiotic in the form

of fermented soya bean meal and found that only one

cocktail of cultures (FSM-A) was effective in lowering of

serum cholesterol. Both the mixture of cultures contained

L. acidophilus and S. cerevisise along with other cultures.

In the present study, the cultures used as probiotic might

not be that effective to induce the beneficial changes in the

blood indices.

Immunological Study

The antibody titre was significantly higher in both the

probiotic-fed groups as compared to control representing

improvement in humoral immune response of the pigs

(Table 3). After one week of SRBC injection, the anti-

body increased and continued to increase up to 21 days

post-injection and thereafter they reduced at 28 days. At

every week, the increase in the antibody titre was more in

both probiotic-fed groups. Similarly, the cell-mediated

immune response as indicated by significantly more skin

thickness by injecting PHA-P was improved in both the

probiotic-fed groups as compared to control (Table 4).

The skin thickness was at 6 h post-injection and continued

to increase up to 24 h and thereafter it reduced. Again the

increase in skin thickness was more in probiotic-fed

groups at every stage of analysis. The results revealed that

both S. cerevisiae and L. acidophilus when used as pro-

biotic were able to make the animals healthier than the

control animals. Hung et al. [9] also demonstrated sig-

nificantly higher antibody titre against CSF vaccine in

probiotic-fed groups revealing improved humoral immune

response. In porcine production, it is very important to

improve immunity in order to prevent infectious diseases.

Similarly, Kumar et al. [12] concluded that S. cerevisiae

feeding improved the immune response of the early

weaned cross-bred piglets.

Table 3 Effect of probiotic on antibody response (SRBC response, HA units*) to sheep red blood cells (SRBC)

Treatment Period Mean** P value

0 days 7 days 14 days 21 days 28 days T P T 9 P

Control 0.7 ± 0.21 1.7 ± 0.21 3.3 ± 0.21 4.3 ± 0.21 3.2 ± 0.17 2.6 ± 0.26b 0.001 0.001 0.005

SC 1.0 ± 0.00 2.0 ± 0.00 3.8 ± 0.17 5.8 ± 0.17 4.2 ± 0.17 3.4 ± 0.32a

LA 1.0 ± 0.00 2.0 ± 0.00 4.0 ± 0.00 5.5 ± 0.22 4.0 ± 0.00 3.3 ± 0.30a

Mean** 0.9 ± 0.08d 1.9 ± 0.08c 3.7 ± 0.11b 5.2 ± 0.19a 3.8 ± 0.13b

*Values expressed as log base 2 of the reciprocal of the highest serum dilution that caused agglutination of red blood cells
abcd Means bearing different superscripts in row and column differ significantly: **(P\ 0.01)

Table 4 Skin thickness (cm) response to PHA-p injection on different treatments

Treatment Period Mean** P value

0 h 6 h 12 h 24 h 36 h T P T 9 P

Control 0.33 ± 0.03 0.39 ± 0.02 0.59 ± 0.03 0.71 ± 0.02 0.54 ± 0.01 0.51 ± 0.03b 0.001 0.001 0.023

SC 0.36 ± 0.01 0.50 ± 0.01 0.69 ± 0.02 0.83 ± 0.02 0.63 ± 0.02 0.60 ± 0.04a

LA 0.37 ± 0.01 0.59 ± 0.06 0.64 ± 0.02 0.83 ± 0.02 0.56 ± 0.02 0.60 ± 0.04a

Mean** 0.35 ± 0.01e 0.49 ± 0.03d 0.64 ± 0.02b 0.79 ± 0.02a 0.58 ± 0.02c

*Values are expressed as skin thickness of the phytohemagglutinin centimetres
abcde Means bearing different superscripts in a row and column differ significantly: **P\ 0.01
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Small Intestine Morphology

Histometry analysis showed that villus height and villus

height to crypt depth increased (P\ 0.01) in piglets fed

probiotic-supplemented diets (SC and LA) compared to the

piglets fed control diet (Table 5). Villus height is a direct

indication of the maturity and functional capacity of ente-

rocytes [7]. It is assumed that an increased villus height is

paralleled by an increased digestive and absorptive function

of intestine due to increased surface area, expression of

brush border enzymes and nutrient transport systems [16]. In

present study, supplementation of S. cerevisiae and L. aci-

dophilus to piglet’s diet resulted in increase villus height in

jejunum and this might be due to healthier intestinal envi-

ronment because of increased humoral immune response.

Shen et al. [21] observed that supplementation of 5 g yeast

culture/kg diet improved the villus height and villus/crypt

ratio in the jejunum as compared to control piglets, but was

comparable to the animal received antibiotic growth pro-

moters and suggested that yeast can be an effective replacer

of antibiotics growth promoters. Likewise, Shirkey et al.

[22] have reported that villus height was the longest in

jejunum of pigs supplemented with Lactobacillus fermentum

as probiotic. The crypt depth in the present study did not

show any change by probiotic supplementation. Scharek

et al. [19] also reported no significant change in the crypt

depth in proximal jejunum of pigs supplemented with En-

terococcus faecium 68. However, Willing and Van Kessel

[25] observed increased crypt depth in piglets inoculated

with Lactobacillus fermentum as compared to control

animals.

Conclusions

The results obtained in present study indicated that the

feeding of feed fermented with either Saccharomyces

cerevisiae or Lactobacillus acidophilus as probiotic at

10 % level of basal diet improved intestinal morphology

through modulating gut immune response in the growing

finishing pigs. But the discussion revealed discrepancy in

the results of various experiments which might be due to

the reason that response of animal to probiotic feeding is

regulated by number of factors such as strain of probiotic,

dose of probiotic, diet composition and mode of feeding

indicating that a probiotic is highly specific, and therefore,

each probiotic should be defined very specifically.
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