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This experiment was selected a β-glucan producing mushroom strain and devel-

oped industrial media, and used to β-glucan as an alternative for antibiotics in 

weaned pigs. Yields of mycelial biomass and extracellular β-glucan from Youngji 

(Ganoderma lucidum) mushroom was 8.52g/L and 4.49g/L respectively. Also, we 

prepared optimum formula for mushroom cultivations. A total of 144 pigs (8.6±0.9 

kg average body weight, weaned 20±3 days of age) were allotted to 4 different 

treatment groups and replicated 4 times with 8 pigs per replicate in randomized 

complete block design. Treatments were T1) NC (negative control, basal diet), T2) 

PC (positive control, basal diet+0.255% antibiotics), T3) NC+0.2% β-glucan and 

T4) PC+0.2% β-glucan. The T2 and T4 treatments were significantly higher in 

feed efficiency by antibiotics group (p<0.05), however, there was no significant 

differences in terms of average daily gain (ADG) and average daily feed intake 

(ADFI) during phase Ⅰ(0~14 days). In phase Ⅱ(15~28 days), Pigs fed with 

antibiotics and β-glucan (T4) had greater ADG than other treatments (p<0.05), 

while no differences were observed in ADFI and feed efficiency. During the whole 

experiment period, the ADG of T4 treatment was higher than other treatments. 

Pigs fed with β-glucan (T3 and T4) had greater diarrhea score and moisture 

content than other treatments (p<0.05). Pigs fed with β-glucan (T3 and T4) had 
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greater moisture content than other treatments (p<0.05). However, there was no 

significant differences in diarrhea score and mortality of weaned pigs. There was 

marginal reductions in feed cost measured feed cost per weight gain used in 

antibiotics and β-glucan added diet during phaseⅠ. In the second phase, the 

treatment supplemented with antibiotics had a significantly lower feed cost per 

weight gain compared to the other treatments. The results from these experiments 

suggests that β-glucan is likely able to improve the growth performance, and 

reduce feed cost although they do not have similar effects like antibiotics in 

weaning pigs.
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(Chae , 2006; Eicher , 2006). 
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β-glucan (Culture collec-

tion of DNA bank of mushrooms) Ganoderma oregonece, Ganoderma applanatum, Phe-

llinus linteus, Laetiporus sulphureus, Ganoderma tsugae, Fomitella fraxinea, Agaricus blazei, 

Pleurotus eryngii , Ganiderma lucidum

. Potato Dextrose Agar(PDA)

4℃ Potato Dextrose Broth(PDB) 1

. MCM(mushroom complete medium; 

Glucose 2.0%, Peptone 0.2%, Yeast extract 0.2%, K2HPO4 0.1%, KH2PO4 0.46%, MgSO4 ․ 7H2O 

0.05%) .

2% soluble starch, 0.2% yeast extract, 0.5% K2HPO4, 

0.01% KH2PO4, 0.1% MgSO4 ․ 7H2O IYSM (Table 1) . IYSM 

Jar-Fermenter (Kobiotech, BF-7, Korea) , pH 6.0 broth

10%(v/v) . working volume 3L , 300 

rpm, 1vvm 27℃ 6 . pH 0.5N NaOH, 

0.5N HCl, silicon resin . 

Ingredients Contents(%)

 Soluble starch 2.0

 Yeast extract 0.2

 K2HPO4 0.5

 KH2PO4   0.001

 MgSO4 ․ 7H2O 0.1

β-glucan , , Yeast extract, CSL 

.
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β

β-glucan

. , 3

4℃ 24 . 

dialysis tube(MW cut off: 10000 Da) 2

β-glucan (Fig. 1). 

PPt

CultureBroth

Sup

Add cold ethyl alcohol

Setting for 1day

Centrifuge for 6000✕g

Supernatant Precipitate

β-glucanDiscard

β

β

x13,000g, 20

, 3 80℃

. 3 (v/v) 95% ethanol 4℃ 24 . 

x13,000g, 5 , 75% ethanol 3 60℃

- .

(Landrace×Large White×Duroc) (8.6kg) 144
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4 ( 2 , 2 ) . 20

144 3 28 ( 23 ~51 ) 

.

4 4 . T1(-control)

, T2(+control) 0.255% , T3

β-glucan 0.2% , T4 0.2%

. 0.055%, 0.1%, 

0.1% . 

Table 2 . 

, , 1 1

, 

. 

. 

1 5 1= , 2= , 3= , 4=

, 5= . 

10g 105℃ . 

SAS(1999) GLM procedure , 

Duncan’s multiple range test .

 Item Phase Ⅰ (0~14days) Phase Ⅱ (15~28days)

Ingredients, %

 Corn, EP

 Wheat

 Dehulled soybean meal

 Full fat soybean meal

 Fermented soy protein

 Whey

 Glucose

 White fish meal

 Soy oil

 Animal fat

 Molasses

 Pop gold

 Dried Porcine Solubles

 Rice protein concentrate

 Brewers yeast

 

 25.07

 12.00

 12.00

 7.00

 -

 23.85

 -

 5.58

 3.02

 -

 -

 3.50

 -

 -

 1.50

 

 44.08

 12.00

 17.00

 -

 3.00

 4.63

 2.00

 1.00

 1.00

 4.44

 2.00

 -

 1.00

 3.00

-



β-glucan 407

 Item Phase Ⅰ (0~14days) Phase Ⅱ (15~28days)

 White sugar

 Limestone

 DCP

 Salt

 ZnO

 Vitamin premix1)

 Mineral premix2)

 Lysine 78%

 Methionine 99%

 Threonine 98%

 OTC 200

 Tiamulin 38g

 Anti-oxidant

 Flavor and sweetener

 Organic acid

 Probiotic

 Choline chloride 75%

 3.00

 0.32

 0.68

 0.20

 0.30

 0.20

 0.30

 0.32

 0.08

 -

 0.05

 0.10

 0.03

 0.10

 0.50

 0.30

 -

 1.00

 0.15

 1.41

 0.02

 0.25

 0.20

 0.30

 0.40

 0.02

 0.03

 0.05

 0.10

 0.12

 0.10

 0.30

 0.30

 0.10

 Crude protein, %

 Crude fat, %

 Crude fiber, %

 Crude ash, %

 Ca, %

 P, %

 Lysine, %

 DE(kcal/kg)

 21.00

 6.20

 2.00

 5.80

 0.80

 0.73

 1.50

3,600

20.75

 8.45

 2.63

 5.61

 0.74

 0.71

 1.3

3,550

1) Supplied per kilogram of diet : Vit A, 10,000IU; Vit D3, 2,000 IU; Vit E, 42IU; Vit K, 5mg; Vit B2, 

9.6mg; Vit B6, 2.45 mg; niacin, 49mg; biotin, 0.05mg. 

2) Supplied per kilogram of diet: Cu, 140mg; Fe, 179mg; Zn, 179mg; Mn, 12.5mg; Co, 0.25mg; Se, 

0.4mg. 

3) Calculated values.

β

β-glucan MCM(mushroom complete medium; Glucose 2.0%, 

Peptone 0.2%, Yeast extract 0.2%, K2HPO4 0.1%, KH2PO4 0.46%, MgSO4 ․ 7H2O 0.05%)

, Table 3 1L 8.52g biomass
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, 8.39g/L . 

4.49g/L, 4.40g/L .

β

Strain Mycelium (g/L) EPS biomass (g/L) Final pH

Ganoderma lucidum SCH-1 8.52 4.49 4.36

Ganoderma oregonece 6.17 3.44 5.73

Ganoderma applanatum 5.00 2.36 5.02

Phellinus linteus 4.79 0.42 6.79

Laetiporus sulphureus 7.31 1.35 5.25

Ganoderma tsugae 3.86 0.43 6.13

Fomitella fraxinea 7.63 1.45 5.58

Agaricus blazei 7.39 0.40 5.54

Pleurotus eryngii 8.39 4.40 4.54

a Basal medium used mushroom complete medium(Glucose 2.0%, Peptone 0.2%, Yeast extract 0.2%, 

K2HPO4 0.1%, KH2PO4 0.46%, MgSO4 ․ 7H2O 0.050%.)

 The cultivation was at 28℃, 160rpm for 7 days on a shaking incubator.

β-glucan . , 

(G. lucidum SCH-1) , Table 4

6 28℃, 170rpm 7 shaking incubator(HK- 

SC25C, Korea) (MEGA 21R, Hanil Science, Korea)

8,000g (IR moisture determination balance, Kett 

FD-610, Japan) mycelium mass Fig. 2 .

(Unit : g/100ml)

Item Formula A Formula B Formula C Formula D Formula E PDB

Glucose 0.5 0.5 0.5 0.5 0.5 2

Corn starch 1.5 1.5 1.5 

Soybean flour 0.5 0.5 0.5 
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Item Formula A Formula B Formula C Formula D Formula E PDB

Yeast extract 0.1 0.1 0.1 0.1 0.1 

KH2PO4 0.2 0.2 0.2 0.2 0.2 

MgSO4 0.1 0.1 0.1 0.1 0.1 

Starch, soluble 1.5 1.5 0.4

Skim milk powder 0.5 0.5 

Corn steep liquor 0.4 

Dry matter of media 2.9 2.9 2.9 2.9 3.3 2.4

                 (unit : % of dried mycelium)
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mycelium yield (dry matter base) B 100ml 

1.34g ( Potato Dex-

trose Broth) mycelium 0.23g 5.8 . 

pH Fig. 3 pH

. Table 5 β-glucan 

.

β

(Unit : g/100ml)

Ingredients %

Glucose 0.5 

Soybean flour 0.5 

Yeast extract 0.1 

KH2PO4 0.2 

MgSO4 0.1 

Starch, soluble 1.5 

Dry matter of media 2.9

B , Jar Fermenter(KF- 

7L, Kobiotech, Korea, capacity 7L) , , , 

, β- 

glucan Industrial fermenter(KF-500L, Kobiotech, Korea, capacity 500L)

. 

working volume 500L, 28℃, 160rpm, 0.5 

vvm, 5 . Fig. 4 . 5

(Nikon eclipse 80i. Phase contrast, Japan) Fig. 5

. contineous 

centrifuge(A-Q2375, Tomoe Co., Japan) x12,000g mycelium

, -75℃ deep freezer Freeze dryer(OPERON DFC-400CE, 

Operon Co., Korea) mycelium . 5.0kg

mycellium mass 1.5% , β-Glucan

32% 500L 1.5kg β-Glucan 0.3% . 

β-Glucan .
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β-glucan 

Table 6 8.6kg , 14 13.4kg . 

(0 ~14 ) 1

(p>0.05). T1, T2, T3 T4 0.67, 0.72, 0.68 0.73

+β-glucan (T4) (p<0.05).
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β

Item T1 T2 T3 T4 SEM3)

0~14 days

  Initial weight, ㎏ 8.6  8.6  8.6  8.6 0.9

  Final weight, ㎏ 13.0  13.6  13.1  13.8 1.3

  ADG1), g 317.3 352.3 320.3 371.1 39.8

  ADFI2), g 475.9 491.7 474.2 509.3 41.7

  Gain/Feed 0.67a  0.72bc  0.68ab 0.73c 0.08

15~28 days

  Initial weight, ㎏ 13.0 13.6  13.1  13.8  1.3

  Final weight, ㎏ 18.4  20.2  18.8  20.4  1.9

  ADG, g 382.6b 470.8a 408.9ab 471.6a 59.9

  ADFI, g 631.8 731.2 662.7 765.4 82.3

  Gain/Feed 0.61  0.63  0.63  0.62  0.07

0~28 days

  Initial weight, ㎏ 8.6  8.6  8.6  8.6  0.9

  Final weight, ㎏ 18.4  20.2  18.8  20.4  1.9

  ADG, g 349.9b 411.6ab 364.6b 421.4a 46.6

  ADFI, g 553.5 616.4 558.5 637.4 64.0

  Gain/Feed 0.63  0.67  0.65  0.66  0.06

T1=Negative control(NC), non-antibiotic 0.2%, T2=Positive control(PC), antibiotic 0.255%, T3=NC+β- 

glucan 0.2%, T4=PC+β-glucan 0.2%.
1) Average daily gain.
2) Average daily feed intake.
3) Standard error of mean.
a,b,c Means with different superscripts are significantly different(p<0.05).

(15 ~28 ) 1

(p>0.05). T1, T2, T3 T4 382.6g, 470.8g, 408.9 

g 471.6g β-glucan (T4) , 

(T1) (p<0.05). (0 ~28 )

(p>0.05). 

T1, T2, T3 T4 349.9g, 411.6g, 364.6g 421.4g T2 T4
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(p<0.05). 

, β-glucan

. 

17% 

. β-glucan

4% , 2% . β-glucan

. 

Schoengerr(1994) β-glucan 

9.97% , 1.4% 

. Dritz (1995) β-glucan 0.1% 

, . 

28 β-glucan 0.025% 20% , 

2kg . 

β-glucan (T3 T4 )

(Table 7), β-glucan

T3 T4 β-glucan

(p<0.05). 

β

Item T1 T2 T3 T4 SEM1)

Moisture, % 64.9b 65.8b 72.1a 71.9a 5.0

Diarrhea score, 1-5 2 2 3 3 -

Mortality, % 2.8 0.0 0.0 0.0 2.8

T1=Negative control(NC), non-antibiotic 0.2%, T2=Positive control(PC), antibiotic 0.255%, T3=NC+β- 

glucan 0.2%, T4=PC+β-glucan 0.2%.
1) Standard error of mean.
a,b Means with different superscripts are significantly different(p<0.05)

, β-glucan . β-glucan

.
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β-glucan Table 8

. (0~14 ) T1, T2, T3 T4 1,370.0

, 1,374.1 , 1,382.3 1,381.4 1% 

β-glucan T3 T4 . 

1 T1, T2, T3 T4 652.0

, 675.6 , 655.5 703.5 T4 ( +β-glucan) . 

1kg T1, T2, T3 T4 

2,054.8 , 1,917.8 , 2,046.4 1,895.8 T1 ( ) T3 (

+β-glucan) . 

β

 Item T1 T2 T3 T4 SEM1

0~14 days

  Total feed cost, ￦/kg 1,370.0 1,374.1 1,382.3 1,381.4  5.3

  Feed cost per pig, ￦/intake  652.0  675.6  655.5  703.5 57.9

  Feed cost per kg weight, ￦/kg wt 2,054.8a 1,917.8ab 2,046.4a 1,895.8b 103.2

  Feed cost per kg weight, Index 100.0 93.3 99.6 92.3 -

15~28 days

  Total feed cost, ￦/kg 452.0 458.4 461.1 467.5  5.7

  Feed cost per pig, ￦/intake 285.6b 335.2ab 305.6b 357.8a 44.6

  Feed cost per kg weight, ￦/kg wt 746.4 712.0 747.3 758.8 37.7

  Feed cost per kg weight, Index 100.0 95.4 100.1 101.7 -

T1=Negative control(NC), non-antibiotic 0.2%, T2=Positive control(PC), antibiotic 0.255%, T3=NC+β- 

glucan 0.2%, T4=PC+β-glucan 0.2%.
1) Standard error of mean.
a,b Means with different superscripts are significantly different(p<0.05)

(15~28 ) T1, T2, T3 T4 452.0 , 458.4 , 

461.1 467.5 β-glucan T4 . 

1 T1, T2, T3 

T4 285.6 , 335.2 , 305.6 357.8 T4 ( +β-glucan)
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. 1 kg T1, 

T2, T3 T4 746.4 , 712.0 , 747.3 758.8 T4 ( +β

-glucan) . 

β-glucan

, β- 

glucan (T3 T4) (T1 T2) β- 

glucan . β-glucan (T3 T4)

0.4~7.5% , 0.1~1.7% . β-glucan

( 3~5 ) . 

L 8.52g, 4.49g β- 

glucan , 

. β-glucan

, , 

. (Landrace×Large White×Duroc) 

(8.6kg) 144 28 . 4 4

T1 (-control) , T2 (+control) , T4 

β-glucan 0.2% , T3 β-glucan 0.2% . 

(phaseⅠ, 0~14 )

(p<0.05). (phaseⅡ, 15~28 )

(0~28 )

(p<0.05). 

T3 T4 (p<0.05). 

T3 T4 (p<0.05), 

. 

β-glucan , 

β-glucan (T3 T4) (T1 T2)

β-glucan . β-glucan

. β-glucan

, , 

.
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