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Abstract

This study was conducted to evaluate the effects of dietary p-glucan supplementation on growth
performance, nutrient digestibility, blood profiles, and fecal characteristics in weaner pigs. A total
of 140 weaner pigs [(Yorkshire X Landrace) x Duroc] with an average body weight of 6.37+1.14
kg were allotted to one of the following dietary treatments: 1) negative control (NC, basal diet); 2)
positive control (PC, basal diet supplemented with 39 ppm Tiamulin); 3) basal diet supplemented
with 0.1% B-glucan (G1); 4) basal diet supplemented with 0.2% p-glucan (G2). During days 22
to 42 and 1 to 42, pigs offered PC and G2 diets grew faster than those offered NC diet (P<0.05).
Additionally, during the same periods, pigs fed G2 and PC diets exhibited improved gain:feed
ratio compared to pigs receiving NC and G1 diets (P<0.05). Pigs fed G2 diet exhibited higher coef-
ficient of total tract apparent digestibility of dry matter than those fed NC diet (P<0.05). There
were no differences on blood profiles, fecal scores, fecal moisture, and fecal pH (P>0.05). Fecal
lactic acid bacteria counts in G2 treatment were higher compared with PC and NC treatments
(P<0.05). Coliform bacteria concentrations were decreased in pigs fed PC and G2 diets compared
with those fed NC diet (P<0.05). In conclusion, the results of the current study indicate that dietary
supplementation of 0.2% B-glucan can improve growth performance and dry matter digestibility,
increase fecal lactic acid bacteria concentration but decrease fecal coliform bacteria concentration
in weaner pigs.
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Many countries including European Union countries and South Korea have
banned the use of antibiotic as growth promoters (AGPs) in feed due to the antibiotic
residues in animal products and bacterial resistance (Salim et al., 2013; Levy, 2014).
Therefore, high interest is now being paid to alternative to AGPs to improve disease
resistance and enhance growth performance in pig production (Ke et al., 2014; Men-
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del et al., 2017). Probiotics, prebiotics, enzymes, acidifiers, herbs, and plant extracts
are the most widely researched potential alternatives to AGPs (Thacker, 2013; Cheng
et al., 2014).

Prebiotics are indigestible substances that allow specific changes in the composi-
tion and/or activity of gastrointestinal microbiota, which elicits positive effects on
growth performance and health status of the host (Ducatelle et al., 2015). B-glucans
are polymers of glucose linked by B-1,3 and B-1,6 glycosidic linkages that can be
derived from the cell walls of yeast, bacteria, fungi, and cereal grains such as oats,
barley, and rye (Huff et al., 2006; Metzler-Zebeli et al., 2012). Currently, 3-glucan
has been of interest as a potential prebiotic in swine nutrition. In pigs, supplementa-
tion of B-glucan was reported to improve growth performance, immune function, and
intestinal microbial balance (Dritz et al., 1995; Murphy et al., 2013). However, con-
flicting findings regarding the effects of f-glucan supplementation were observed.
Mao et al. (2005) and Zhou et al. (2013) found that supplementation of 3-glucan
had no effects on growth performance but increased immune function in weaner
pigs. We hypothesized that dietary B-glucan could alleviate post-weaning diarrhea,
improve intestinal microbial balance, increase nutrient digestibility, thereby improv-
ing growth performance in weaner pigs. Thus, the objective of this study was to in-
vestigate the effects of B-glucan on growth performance, nutrient digestibility, blood
profiles, fecal pH, fecal moisture, and fecal microbial shedding in weaner pigs.

Material and methods

The experimental protocol of the current study was approved by the Animal Care
and Use Committee of Dankook University.

Experimental design, animals and diets

In total, 140 crossbred [(Yorkshire x Landrace) x Duroc] weaner pigs with an av-
erage body weight (BW) of 6.37+1.14 kg were randomly assigned to 4 experimental
dietary treatments with 7 replications per treatment based on BW and sex (3 gilts and
2 barrows per pen). Dietary treatments included: 1) negative control (NC, basal diet);
2) positive control (PC, basal diet supplemented with 39 ppm Tiamulin); 3) basal
diet supplemented with 0.1% B-glucan (G1); 4) basal diet supplemented with 0.2%
B-glucan (G2). The B-glucan (DMJ Biotech Co., Ltd., Yeongi-gun, Chungcheong-
nam-do, South Korea) used in this study was derived from Agrobacterium spp. R259
KCTC 10197B and guaranteed to contain 86.1% B-1,3/1,6-glucan, 4.2% protein,
and 1.3% lipids. The concentrations of B-glucan used in this study were modified
from the results of Zhang et al. (2012). Dietary Tiamulin as an antibiotic has been
demonstrated to improve growth performance in weaner pigs (Cho and Kim, 2015).
Thus, in the present study, we selected supplementation of Tiamulin as a positive
control to determine the effects of f-glucan in weaner pigs. The additives were added
in the diets at the expense of the same amounts of corn. The diets were formulated
to meet or exceed the NRC (2012) nutrient requirements (Table 1). The form of
our experimental feed was mash. Pens were equipped with a multiple-space self-
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feeder, a nipple drinker and plastic slatted flooring. Pigs had free access to feed and
water during the entire 42-day experiment. The ambient temperature within the
room was controlled at 30°C for the first week and reduced by 1°C per week there-
after.

Table 1. Feed compositions of basal diet (as-fed basis)

ltem Phase 1 Phase 2
(days 1 to 14) (days 15 to 42)
Ingredient (%)
corn 44.49 61.97
soybean meal 21.20 27.80
fish meal 3.50 -
soy oil 2.55 1.05
lactose 8.30 -
whey 10.00 5.00
dicalcium phosphate 1.5 1.5
sugar 3.00 -
plasma powder 3.00 -
L-Lys HCI 0.39 0.46
DL-Met 0.30 0.24
L-Thr 0.19 0.20
choline chloride 0.10 0.10
vitamin premix' 0.10 0.10
trace mineral premix? 0.20 0.20
limestone 0.98 1.13
salt 0.20 0.25
Calculated composition (%)
ME (kcal/kg) 3540 3410
Cp 20.00 19.00
Lys 1.50 1.35
Met 0.62 0.53
Met + Cys 0.97 0.84
Ca 0.95 0.90
total P 0.75 0.70
available P 0.55 0.43
crude fat 5.02 3.98
crude fiber 1.87 2.45
Analyzed composition (%)
crude protein 20.11 18.96
Ca 0.93 0.80
total P 0.76 0.68

'Provided per kg of complete diet: vitamin A — 11,025 IU; vitamin D, — 1,103 IU; vitamin E — 44 1U; vita-
min K — 4.4 mg; riboflavin — 8.3 mg; niacin — 50 mg; thiamine — 4 mg; d-pantothenic acid — 29 mg; choline —
166 mg; and vitamin B,, - 33 pg.

*Provided per kg of complete diet: Cu (as CuSO,*5H,0) — 12 mg; Zn (as ZnSO,) — 85 mg; Mn (as MnO,) —
8 mg; I (as KI) — 0.28 mg; and Se (as Na2SeO,*5H,0) — 0.15 mg.
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Experimental procedures and sampling

Individual body weight and feed consumption on a pen basis were recorded on
days 1, 7, 21, and 42 of the experiment to calculate average daily gain (ADG), aver-
age daily feed intake (ADFI) and gain:feed ratio (G:F).

From days 1 to 7, 15 to 21 and 36 to 42, pigs were fed diets mixed with chromic
oxide (0.2%) as an indigestible marker to determine the coefficient of total tract ap-
parent digestibility (CATTD) for dry matter (DM), nitrogen (N) and gross energy
(GE) (Fenton and Fenton, 1979). On days 7, 21, and 42, fecal samples were col-
lected from same 2 pigs (1 gilt and 1 barrow) in each pen via rectal massage. Fecal
samples from the same pen were pooled and mixed, after which samples were stored
at —20°C until subsequent analyses were conducted. For chemical analysis, fecal
samples were oven-dried at 60°C for 72 h, after which feed and fecal samples were
ground to pass through a 1.0-mm screen for analysis of DM (method 930.15) and N
(method 984.13) using the AOAC (2007) procedures. Gross energy was determined
by measuring the heat of combustion in the samples, using a bomb calorimeter (Parr
6100; Parr Instrument Co., Moline, IL, USA). Chromium was analyzed via UV ab-
sorption spectrophotometry (UV-1201, Shimadzu Corp., Kyoto, Japan), according
to the method described by Williams et al. (1962). The CATTD was then calculated
using the following formula:

CATTD (%) = [1-{(Nf x Cd)/(Nd x Cf)}] * 100

where:
Nf= nutrient concentration in feces (% DM),
Nd = nutrient concentration in diet (% DM),
Cd = chromium concentration in diet (% DM),
Cf= chromium concentration in feces (% DM).

For fecal pH and moisture determination, fresh feces were collected from each
pen (fecal samples were collected from same 2 pigs served for digestibility sampling)
via rectum massaging. The pH of the fecal samples was measured immediately after
collection using a pH meter (model Accumet Basic, Fisher Scientific, Pittsburgh, PA,
USA). Total moisture was determined by air-drying the collection at 60°C, followed
by an equilibration and moisture determination at 105°C (Harris, 1970).

Subjective fecal score was recorded for clinical signs of diarrhea at 0800 h each
morning throughout the experiment by a single blinded observer, using the 5-grade
scoring system described by O’Shea et al. (2014). Briefly, 1 = well-firmed feces;
2 = slightly soft feces; 3 = soft and partially formed feces; 4 = loose and semi-liquid
feces (diarrhea); 5 = watery and mucus-like feces (severe diarrhea).

The blood samples were collected from the cervical vein into both K,EDTA vac-
uum tubes and clot activator vacuum tubes (Becton Dickinson Vacutainer Systems,
Franklin Lakes, NJ, USA) from 2 pigs (fecal samples were collected from same two
pigs served for digestibility sampling) in each pen on days 1, 21, 42 to obtain whole
blood and serum, respectively. The blood samples were then centrifuged at 3,000 x g
at 4°C for 20 min within 1 hour of collection to separate the serum samples. The
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concentration of immunoglobulin G (IgG) in the serum was measured using the au-
tomatic biochemistry analyzer (HITACHI 747, Tokyo, Japan). The concentration of
white blood cells (WBC), red blood cells (RBC) and lymphocytes in the whole blood
samples were determined using an automatic blood analyzer (ADVIA 120, Bayer,
Tarrytown, NY, USA).

Fecal samples were collected directly via massaging the rectum of two pigs (fecal
samples were collected from same two pigs served for digestibility sampling) from
each pen on day 42. They were then pooled and transported to the laboratory where
microbial analysis was immediately carried out. One gram of composite fecal sample
from each pen was diluted with 9 mL of 1% peptone broth (Becton, Dickinson and
Co., Franklin Lakes, NJ, USA) and then homogenized. Viable counts of bacteria in
fecal samples were obtained by plating serial 10-fold dilutions (in 1% peptone solu-
tion) onto MacConkey agar plates (Difco Laboratories, Detroit, MI) and lactobacilli
medium IIT agar plates (Medium 638, DSMZ, Braunschweig, Germany) to isolate
coliform bacteria and lactic acid bacteria, respectively. The lactobacilli medium III
agar plates were incubated at 39°C for 48 h under anaerobic conditions. The MacCo-
nkey agar plates were incubated at 37°C for 24 h. The numbers of coliform bacteria
and lactic acid bacteria colonies were counted immediately after removing the plates
from the incubator. The counts of coliform bacteria and lactic acid bacteria colonies
were expressed as log10 of colony-forming units per gram of fecal sample.

Statistical analyses

All data were analyzed using the General Linear Model procedure of SAS (SAS
Institute Inc., Cary, NC, USA). The pen was used as the experimental unit. Differ-
ences between treatments were detected by Tukey’s multiple range test. The data
were presented as means and pooled standard error of the mean. Significance was
defined as P<0.05.

Results

Growth performance

Pigs on G2 treatment had better G:F than those on NC treatment during days 1
to 7 (P<0.05; Table 2). During the days 8 to 21, there were no treatment effects on
growth performance (P>0.05). During days 22 to 42 and 1 to 42, pigs offered PC
and G2 diets grew faster than those offered NC diet (P<0.05). Additionally, during
the same periods, pigs on G2 and PC diets exhibited improved G:F compared to pigs
receiving NC and G1 diets (P<0.05). No difference on ADFI was found throughout
the experiment (P>0.05).

Apparent total tract digestibility

Pigs fed G2 diet exhibited beneficial effects on CATTD of DM digestibility in
week 6 (P<0.05; Table 3). However, the CATTD of N and GE were not affected by
dietary treatments (P>0.05).
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Table 2. Effects of f-glucan on average daily gain (ADG), average daily feed intake (ADFI), and

gain:feed ratio (G:F) in weaner pigs in a 42-day feeding trial'

Dietary treatments

Item NC e Gl | o SEM® | P-value

Days 1 to 7

ADG (g/d) 222 242 257 258 19 0.523

ADFI (g/d) 329 322 334 325 5 0.068

G:F 0.676 b 0.752ab  0.770 ab 0.794 a 0.036  0.035
Days 8 to 21

ADG (g/d) 397 446 429 457 20 0.170

ADFI (g/d) 626 632 647 631 22 0.694

G:F 0.643 0.706 0.663 0.724 0.029  0.141
Days 22 to 42

ADG (g/d) 528b 584a 558 ab 590 a 19 0.010

ADFI (g/d) 852 840 877 851 34 0.871

G:F 0.620 b 0.695 a 0.636 b 0.692 a 0.011 0.001
Days 1 to 42

ADG (g/d) 433 b 481 a 464 ab 490 a 14 0.006

ADFI (g/d) 690 684 710 690 23 0.741

G:F 0.629 b 0.703 a 0.654b 0.711 a 0.012  0.001

a, b — values in the same row with different letters differ significantly (P<0.05).
INC: negative control: basal diet.

PC: positive control: basal diet with 39 ppm Tiamulin.

3G1: basal diet with 0.1% B-glucan.
4G2: basal diet with 0.2% B-glucan.
SSEM: standard error of the mean.

Table 3. Effects of B-glucan on the coefficient of total tract apparent digestibility of dry matter, nitro-
gen, and gross energy in weaner pigs

Dietary treatments

Item (%) NC' e Gl o SEM® | P-value

Week 1

dry matter 81.73 82.05 82.15 82.09 0.24 0.605

nitrogen 82.62 82.83 82.39 82.33 0.34 0.790

gross energy 82.63 83.31 83.32 82.97 0.22 0.801
Week 3

dry matter 81.14 81.17 81.48 81.65 0.35 0.721

nitrogen 81.62 81.74 82.00 81.89 0.48 0.256

gross energy 82.19 82.38 82.57 82.41 0.34 0.359
Week 6

dry matter 79.98 b 81.59 ab 80.05 ab 82.46 a 0.21 0.035

nitrogen 81.96 82.66 82.89 82.17 0.38 0.552

gross energy 82.51 82.85 82.91 82.80 0.19 0.221

a, b — values in the same row with different letters differ significantly (P<0.05).
NC: negative control: basal diet.

PC: positive control: basal diet with 39 ppm Tiamulin.

3G1: basal diet with 0.1% B-glucan.
4G2: basal diet with 0.2% B-glucan.
SSEM: standard error of the mean.
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Table 4. Effects of f-glucan on blood immunoglobulin G (IgG), red blood cell (RBC), white blood cell
(WBC), and lymphocyte in weaner pigs

Item Mo E(‘:e;ary trleatmegt; gz SEM® | P-value

IgG (mg/dL)

day 1 308 278 315 280 35 0.512

day 7 285 264 256 242 65 0.288

day 21 312 324 314 319 40 0.921

day 42 421 416 441 430 39 0.354
RBC (10/ul)

dayl 6.46 6.37 6.20 6.64 0.15 0.475

day 7 6.48 6.13 6.60 6.33 0.21 0.895

day 21 6.87 6.45 6.33 6.73 0.33 0.454

day 42 6.70 6.92 6.87 6.59 0.42 0.398
WBC (10%/l)

day 1 10.97 11.53 10.30 12.15 1.51 0.364

day 7 15.85 17.62 17.91 17.36 1.84 0.745

day 21 19.70 19.23 21.22 19.06 1.57  0.841

day 42 17.44 18.39 18.79 19.19 295  0.936
Lymphocyte (%)

day 1 54.38 55.76 53.48 55.72 393 0.611

day 7 42.15 44.27 42.78 41.92 4.99 0.679

day 21 47.28 47.57 48.18 48.34 2.49 0.457

day 42 54.38 56.70 54.95 56.08 4.28 0.947

'NC: negative control: basal diet.

2PC: positive control: basal diet with 39 ppm Tiamulin.
3G1: basal diet with 0.1% B-glucan.

4G2: basal diet with 0.2% B-glucan.

SSEM: standard error of the mean.

Table 5. Effects of B-glucan on fecal score, moisture, pH, and microbial shedding in weaner pigs

Dietary treatments

Items NC | PO | Gl | G SEM? | P-value

Fecal score®

days 1to 7 3.20 3.29 3.16 3.26 0.07  0.851

days 8 to 14 2.78 2.80 2.85 2.78 0.09  0.725
Fecal moisture (%)

day 7 71.84 71.61 72.32 71.75 0.64  0.513

day 21 73.18 72.91 73.58 73.27 0.61 0.714

day 42 74.23 68.34 75.29 71.17 3.88  0.359
Fecal pH

day 7 6.20 6.28 6.23 6.21 0.03  0.632

day 21 6.22 6.20 6.20 6.19 0.06  0.784

day 42 6.07 6.02 6.00 6.00 0.04  0.611
Fecal microbial shedding (log cfu/g)

lactic acid bacteria 6.32b 6.28 b 6.48 ab 6.70 a 0.13 0.001

coliform bacteria 6.32a 6.05b 6.27 ab 6.09b 0.08 0.028

a, b — values in the same row with different letters differ significantly (P<0.05).

'NC: negative control: basal diet.

PC: positive control: basal diet with 39 ppm Tiamulin.

G1: basal diet with 0.1% B-glucan.

4G2: basal diet with 0.2% B-glucan.

SSEM: standard error of the mean.

‘Fecal score: 1 = well-firmed feces; 2 = slightly soft feces; 3 = soft and partially formed feces; 4 = loose and
semi-liquid feces (diarrhea); 5 = watery and mucus-like feces (severe diarrhea).
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Blood and fecal parameters

There were no differences on IgG, RBC, WBC, and lymphocyte concentrations
among dietary treatments throughout the experiment (Table 4). No significant differ-
ences were observed on fecal scores, fecal moisture, and fecal pH (Table 5; P>0.05).
Fecal lactic acid bacteria counts in G2 treatment were higher compared with PC and
NC treatments (P<0.05). Coliform bacteria counts were decreased in pigs fed PC and
G2 diets compared with these fed NC diet (P<0.05).

Discussion

Beneficial effects of B-glucan on growth performance have been observed by
Dritz et al. (1995). Results of the present study showed that 0.1% B-glucan supple-
mentation showed only a numerical improvement in growth performance. However,
administration of 0.2% B-glucan caused increased ADG during days 22 to 42 and
1 to 42 and improved G:F during days 1 to 7, 22 to 42, and 1 to 42 compared with NC
dietary treatment, although ADFI was not affected throughout the experiment. These
observations agreed with the previous experiment reporting that dietary -glucan
supplementation improved ADG and G:F in weaner pigs, whereas -glucan had no
effect on ADFI in weaner pigs (Wang et al., 2008 a). Li et al. (2006) reported that
supplementation of Saccharomyces cerevisiae B-glucan to weaner pigs challenged
with Escherichia coli improved ADG but had not effects on ADFI and G:F, which
is similar to some of our observations. However, growth performance response to
B-glucan has been shown to be variable by other experiments. Hiss and Sauerwein
(2003) observed that consumption of -glucan (0.015% and 0.03%) derived from
Saccharomyces cerevisiae had no effects on growth performance in weaner pigs,
although numerical improvements on ADG and ADFI were observed. Mao et al.
(2005) observed that growth performance was not improved when Astragalus mem-
branaceus B-glucan was included at the levels of 0.05% or 0.10% in weaner pigs
diet. Sweeney et al. (2012) suggested that B-glucans derived from Laminaria digi-
tata, Laminaria hyperborea and Saccharomyces cerevisiae had no effect on growth
performance of weaner pigs. The inconsistent results may be caused by differences
in hygienic conditions and the differences in source or dosage of B-glucan in differ-
ent studies (Hiss and Sauerwein, 2003; Li et al., 2005). Additionally, in the present
study, the pigs fed diet supplemented with 0.2% B-glucan or Tiamulin obtained simi-
lar ADG, ADFI, and G:F. The comparable effects of 0.2% B-glucan and Tiamulin on
the growth performance indicate that $-glucan may be a potential candidate as an
alternative to AGPs.

In the present study, addition of B-glucan or Tiamulin to weaner pigs diets had
no effects on CATTD of DM, GE, and N, with the exception of improved CATTD
of DM of pigs fed diet supplemented with 0.2% B-glucan compared with that of
pigs fed nonsupplemented diet at week 6. Partly in line with our results, Hahn et al.
(2006) also indicated that dietary -glucan supplementation (0, 0.01, 0.02, 0.03, or
0.04%) linearly increased DM, GE, and crude protein digestibility in weaner pigs.
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The increase in DM digestibility is a possible reason for the improved growth perfor-
mance of pigs fed diet supplemented with 0.2% B-glucan when compared with non-
supplemented diet. In contrast, Sweeney et al. (2012) found that B-glucans derived
from Laminaria digitata, Laminaria hyperborea or Saccharomyces cerevisiae did
not affect DM, N, and GE digestibility in young pigs. Additionally, some previous
studies showed that B-glucan supplementation had no effect on nutrient digestibility
in growing (Ko et al., 2000) and finishing pigs (Bae et al., 1999).

Several previous studies indicated that -glucan had beneficial effects on pigs’
immune function (Li et al., 2005; Li et al., 2006; Volman et al., 2008; Zhou et al.,
2013). Wang et al. (2008 b) indicated that peripheral blood lymphocyte proliferation
activity was increased by B-glucan. In lipopolysaccharide challenged weaner pigs,
Zhou et al. (2013) observed that dietary f-glucan enhanced the lymphocyte propor-
tions. However, in the present study, RBC, WBC, lymphocyte, and IgG concentra-
tions were not affected by dietary treatments. Similarly, Hiss and Sauerwein (2003)
and Mao et al. (2005) reported that dietary B-glucan had no effect on lymphocyte
proliferation in weaner pigs. In agreement with our findings, in broilers, Zhang et al.
(2012) also observed that -glucan supplementation did not affect blood RBC, WBC,
lymphocyte, and IgG concentrations.

Generally, weaning is associated with diarrhea due to various weaning stresses
from nutritional, social, and immunological changes, especially in the first two weeks
after weaning (Kim et al., 2012; Fouhse et al., 2015). In the present experiment, fe-
cal scores, fecal moisture, and fecal pH were not influenced by -glucan or Tiamulin
supplementation. Similarly, Wang et al. (2008 a) reported that diarrhea rate was not
affected by B-glucan supplementation. Metzler-Zebeli et al. (2011) observed that oat
B-glucan did not affect gastric, cecal and colonic digesta pH. The lack of responses
of fecal scores, fecal pH, and fecal moisture to -glucan or Tiamulin may be due to
the general good hygienic condition of this experiment.

Prebiotics can beneficially affect the host by selectively stimulating the growth
and/or activity of beneficial bacteria, including Bifidobacteria and Lactobacilli
(Jaskari et al., 1998; Bosscher et al., 2006; Lalles et al., 2007; Arena et al., 2014). The
growth of beneficial bacteria may show an inhibition of the proliferation of patho-
genic, harmful organisms like Escherichia coli (Huang et al., 2004). In the present
study, administration of B-glucan at the level of 0.2% increased lactic acid bacteria
but decreased coliform bacteria concentrations. Metzler-Zebeli et al. (2011) reported
that Lactobacillus numbers in stomach and colon were increased when 8.95% oat
B-glucan was included in the diet for weaner pigs. Zhou et al. (2013) found that
dietary B-glucan decreased the numbers of Escherichia coli in feces, although Lacto-
bacillus population was not affected in weaner pigs. The improved microbial balance
(increased lactic acid bacteria and decreased coliform bacteria) may help to explain
the improved growth performance and DM digestibility in pigs fed diet supplement-
ed with 0.2% B-glucan.

In conclusion, dietary supplementation with 0.2% B-glucan increased the ADG,
G:F, DM digestibility, and fecal lactic acid bacteria and decreased fecal coliform
bacteria counts, indicating that B-glucan could be a promising alternative to AGPs
in weaner pigs.
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