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산란계 사료 내 종류의3 Bacillus subtilis의 첨가가 산란후기 계란 품질과
장내 미생물 및 경골에 미치는 영향
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ABSTRACT

The objective of this study was to investigate the effects of three strains of Bacillus subtilis (B. subtilis) supplemented to diets
on egg production, egg quality, egg yolk cholesterol levels, the profile of cecal microflora, and tibia characteristics in laying hens.
One hundred sixty 76-week-old Hy-Line Brown layers were randomly divided into 4 groups with 4 replicates per group (10 birds
per replicate). Birds in the control group were fed a corn-soybean meal based diet. The remaining three treated groups were fed
the control diet containing either 0.05% B. subtilis Ch3 (T1), 0.05% B. subtilis Ch3 + B. subtilis W1 (T2) or 0.05% B. subtilis
commercial product (T3) for 6 weeks, respectively. There were no differences in feed intake, egg weight, egg production and egg
mass among the groups. The dietary supplementation of B. subtilis improved eggshell strength and Haugh units compared to those
of control (P<0.05). The activities of GOT and GPT in serum were not also affected by the dietary treatments. The population of
total microbes and lactic acid bacteria in cecum were significantly increased by the dietary B. subtilis (P<0.05), but not the
coliforms. The cholesterol concentration in egg yolk and serum in the treated groups were significantly decreased compared to
those of control (P<0.05). Also, The levels of phospholipids in serum were significantly decreased compared to those of control
(P<0.05). The supplementation of three strains of B. subtilis to diets significantly increased the contents of tibia ash compared to
that of control (P<0.05). Thus, this study showed significant improvements in egg quality, such as eggshell strength and Haugh
unit, by dietary B. subtilis strains. The B. subtilis strains added to the diets modulated the profiles of cecal microflora, reflecting
beneficial effects in laying hens.
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( , 1994). pH 2~4
(bile salts)

acetic acid, propionic acid, butyric acid
( , 2001).

, , ,

(Simmering Blaut, 2001).

(Xu , 2006; Mutus , 2006),
.

2 Bacillus subtilis (B. subtilis)
B. subtilis

(Mashaly ,
2004) B. subtilis

, , ,
Ca P

.

재료 및 방법

1. ,

76 Hy-Line Variety Brown
4 4 , 10 160

, 6 , ×
× 45×62×66 cm 3
3 .

.
, 16L : 8D ,

. 2,700
kcal/kg 15.5% NRC

(1994)
, B. subtilis , T1
B. subtilis Ch3 0.05% , T2

B. subtilis W1 B. subtilis Ch3
1:1 0.05%, T3
B. subtilis 0.05%

6 (Table 1).

2.

2 B. subtilis [(6.4×1010/g) B. subtilis Ch3] [(6.1×

1010/g) B. subtilis W1] Bacillus
subtilis [(1.3×1010/g) B. subtilis CM(commercial product)]

.

Table 1. Formula and chemical compositions of the
experimental diet

Ingredients %

Yellow corn 59.38

Wheat 3.00

Wheat bran 2.00

Rice bran 2.00

Soybean meal 15.60

Rapeseed meal 4.00

Corn gluten meal 1.80

Tallow 0.80

MHA1), 88% 0.10

Choline-Cl, 50% 0.02

Dicalcium phosphate 0.20

Limestone 10.60

NaCl 0.20

NaHCO3 0.08

Vitamin mixture2) 0.12

Mineral mixture3) 0.10

Total 100.00

Calculated values

crude protein, % 15.50

crude fat, % 3.58

crude fiber, % 3.10

crude ash, % 13.68

Ca, % 4.30

P, % 0.40

Lys, % 0.74

Met+Cys, % 0.55

TMEn, kcal/kg 2700
1) Abbreviation: MHA, methionine hydroxy analogue
2) Vitamin mixture provided following nutrients per kg of diet :
vitamin A, 10,000 IU; vitamin D3, 2,300 IU; vitamin E, 20
IU; vitamin K3, 2 mg; vitamin B1, 2 mg; vitamin B2, 5 mg;
vitamin B6, 3.5 mg; vitamin B12, 0.02 mg; biotin, 0.12 mg;
niacin, 30 mg; pantothenic acid, 10 mg; folic acid, 0.7 mg.

3) Mineral mixture provided following nutrients per kg of diet :
Fe, 70 mg; Zn, 60 mg; Mn, 8 mg; Cu, 7.5 mg; I, 1 mg; Se, 0.2
mg; Co, 0.13 mg
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3.

사료섭취량 난 생산성과 및 조직 중량(1) ,

2
,

,
. 2

8
(IACUC)

,
100g .

난질 및 난각질(2)

2 , Haugh unit
.

(FHK , )

.
Haugh unit (QCM+,

Technical services and suplies, York Ltd., England).
(Digimatic

micrometer, Series 293-330, Mitutoyo, Japan)
. Roche egg yolk color fan

(Roche, Switzerland) .
(QCM+, Technical services and suplies, York Ltd.,

England) .

간 기능 관련 효소 활성(3)
6 2 , 8

1,500 rpm 10
, glutamic-oxaloacetic

transaminase (GOT) glutamic-pyruvic transaminase (GPT)
GOT-GPT kit (GOT-GPT test kit, , Korea)

.

장내 미생물균총(4)
8

phosphate buffer saline (PBS) homogenizer
(T25 ultra-turrax, IKA, Germany) , 10 1

10 7 . Total microbes, Coliforms,
lactic acid bacteria Plate
count agar (Difco, BD science, USA) , lactic acid bacteria

MRS agar (Difco, BD science, USA) , Coliforms

MacConkey agar (Difco, BD science, USA) , 37
36 .

맹장 내 암모니아 농도(5)

.
1g 10 6 ammonia assay

kit (AA100, Sigma, St. Louis, USA) .

(6) 경골 파쇄강도와 회분함량 및 경골과 혈중 내 Ca,
함량P

20
, Instron (Model 4465, Instron Standard Testing

Machine, USA)
,

Newton (KN) .
100 24 , 600
24

. Ca P 8
AOAC (1995)

(Optima 3300DV, Perkin-elmer Instruments,
USA) .

난황 간 및 혈액 내 지질 함량(7) ,
, ,

Folch (1957) .
microdispenser silica gel chromarod

(CHROMAROD-S , Mitsubishi Kagaku Iatron, Inc., Japen)
1 spot 1 (hexane : diethylether : formic
acid = 60ml : 10ml : 0.1 ml) 9cm

1 , 60 dry oven 2
. 2 (benzene : hexane = 40ml : 40

ml) 10cm 2
60 2 . 1, 2

IATRO SCAN(Mitsubishi Kagaku Iatron
Inc., Teijin, Japan) .

4.

Statistical Analysis System
(SAS Institute, 2002) General Linear Model (GLM) Program
(one-way ANOVA procedure)
, Duncan

(Duncan, 1955).
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결과 및 고찰

1. ,

3 B. subtilis ,

Table 2 . 122g
125g .

B. subtilis T2 69.07%
.

.
42.51 T1, T2 T3 43.68,

45.91, 43.43
. , ,

.
Sohail (2002) (B. subtilis C-3102)

Calsporin , ,
,

(2003)
.

Xu (2006) B. subtilis 500 ppm
, ,

. Balevi (2001)
500 ppm , ,
250 ppm, 750 ppm

. Xu (2006)

. B.
subtilis

.
, ,

(Jin , 1998a; Xu , 2006).

.
An (2008) ß-glucan

Bacillus amyloliquefaciens
0.05%, 0.1% 0.2% ,

. Jin (1998b)
Lactobacillus cultures 0.1%

, F
.

.
B. subtilis

.

.

2.

3 B. subtilis ,
, , Haugh unit

Table 3 . 2.40 kg/cm2

B. subtilis T1, T2 T3
2.58, 2.48 2.71 kg/cm2 T2 T3

(P<0.05), T3
.

. Haugh unit 81.83 B.
subtilis T1, T2 T3 87.33, 90.06

86.88 B. subtilis
(P<0.05).

Table 2. The dietary effect of three strains of B. subtilis supplementation on production and relative weight of
organs in laying hens1)

Control T1 T2 T3

Feed intake, g/hen/day 124.13±4.00 125.77±4.85 124.11±4.21 122.87±3.93

Egg production, % 64.87±3.53 64.87±2.70 69.07±3.24 64.03±3.32

Egg weight, g/egg 68.11±0.24 67.34±0.20 66.79±0.20 67.63±0.51

Daily egg mass 42.51±2.64 43.68±1.82 45.91±2.20 43.43±2.32

Liver, g/100g BW 2.43±0.18 2.49±0.20 2.72±0.17 2.13±0.11

Spleen, g/100g BW 0.10±0.01 0.11±0.02 0.11±0.01 0.12±0.01

Abdominal fat, g/100g BW 4.39±0.25 4.07±0.32 4.75±0.38 4.54±0.39
1) T1, 0.05% B. subtilis Ch3; T2, 0.05% B. subtilis Ch3 + B. subtilis W1; T3, 0.05% B. subtilis CM.
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.
B. subtilis , ,

Haugh unit (Miles , 1981; Xu , 2006)
(2003)

(Lactobacillus spp., Bacillus
spp., Saccharomyces cerevisiae, enterococcus faecallis, photo-
trophic bacteria)

, Haugh unit
. Nahashon (1994b) Xu (2006)

.
Ca

(Xu , 2006), Ashmead (1985)

Ca, P, carotenoid, albumin
. Ca, P salt pH

,
.

.
B. subtilis

, B. subtilis
B. subtilis Ch3 + Bacillus subtilis W1

B. subtilis CM .
3 B. subtilis Haugh unit

.
Haugh unit

.

.

3.

3 B. subtilis
GOT GPT Table 4

. GOP GPT
.

GOT GPT

.
Lumeij (1997) GOT GPT

.
GOT GPT

( , 2008)
B. subtilis

.
GOT GPT

3 B. subtilis

.

4.

3 B. subtilis
Table 5

. 6.28 log cfu/g 3
B. subtilis T1, T2 T3

Table 3. The dietary effect of three strains of B. subtilis supplementation on egg qualities in laying hens1)

Control T1 T2 T3

Eggshell strength, kg/cm2 2.40±0.09b 2.58±0.08ab 2.78±0.09a 2.71±0.10a

Eggshell thickness, mm/100 33.44±0.39 33.47±0.51 33.60±0.46 33.43±0.50

Eggshell color 25.02±1.46 26.27±0.65 24.91±0.65 25.81±0.75

Yolk color, R.C.F 6.36±0.08 6.48±0.08 6.46±0.08 6.49±0.10

Haugh unit 81.83±1.46b 87.33±0.93a 90.06±1.20a 86.88±1.09a

1)T1, 0.05% B. subtilis Ch3; T2, 0.05% B. subtilis Ch3 + B. subtilisW1; T3, 0.05% B. subtilis CM
a b‐ Mean±SE Values with different superscripts within a row differ significantly (P<0.05).

Table 4. The dietary effect of three strains of B. subtilis supplementation on blood profiles in laying hens1),2)

Control T1 T2 T3
GOT, IU/L 179.04 ±7.77 184.51 ±10.75 201.60 ±15.77 165.26 ±8.93
GPT, IU/L 2.28 ±0.19 3.11 ± 0.45 2.45 ± 0.21 2.71 ±0.28
1)T1, 0.05% B. subtilis Ch3; T2, 0.05% B. subtilis Ch3 + B. subtilisW1; T3, 0.05% B. subtilis CM
2) Abbreviation: GOT, glutamic oxaloacetic transminase; GPT, glutamic pyruvic transaminase.‐ ‐
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7.06, 7.22 6.76 log cfu/g
(P<0.05). B. subtilis T1 T2 T3

(P<0.05). lactic
acid bacteria 7.09 log cfu/g 3
B. subtilis T1, T2 T3 7.30,
7.39 7.34 log cfu/g
(P<0.05). , Coliforms T1, T2

3 B. subtilis
.

3 B. subtilis
, T2

.
(1999) 68 B. subtilis

Lactobacillus salvarius 0.1%,
0.2% ,
, .

(2003) 0.1%, 0.2%
0.4%

. (2000) 25
(Lactobacillus amylovorus LLA7,

Lactobacillus crispatus LLA9, Lactobacillus vaginalis LLA11)
107 cfu/g
, E. coli

. lactic
acid bacteria Coliform

. , Francis (1978),
Jin (1998b) (2007)

. Jin
(1998a) Lactobacillus 0.05%,

0.1% Coliform
. Coliform

. Santoso
(1999) Dried Bacillus subtilis Culture (DBSC)

. DBSC 1%
( )

.
urease

(Visek,
1978). 3 B.
subtilis .

3 B. subtilis
Total micrombes lactic acid bacteria

.
.

5. ,

3 B. subtilis ,
Table 6

. 12.93 mg/g
3 B. subtilis T1, T2 T3
10.77, 11.42 10.97mg/g

(P<0.05),
. 10.66 mg/g

T1, T2 T3 8.85, 8.33 8.29mg/g

,
. 156.53

mg/100ml T1 138.87mg/100ml
T2 T3 147.30

145.02mg/100ml (P<0.05).
T1 T3

.
605.24mg/100ml T1, T2 T3
348.24, 409.46 378.64mg/100ml B. subtilis

(P<0.05).
B. subtilis

Table 5. The dietary effect of three strains of B. subtilis supplementation on intestinal microflora profiles and
ammonia concentrations in laying hens1)

Control T1 T2 T3

Total microbes, log cfu/g 6.28 ±0.11c 7.06 ±0.08a 7.22 ±0.06a 6.76 ±0.08b

Lactic acid bacteria, log cfu/g 7.09 ±0.11b 7.30 ±0.06ab 7.39 ±0.06a 7.34 ±0.07a

Coliforms, log cfu/g 5.18 ±0.34 4.77 ±0.29 5.68 ±0.25 5.28 ±0.25

Ammonia concentration, g /μ ml 2.24 ±0.04 2.15 ±0.19 1.91 ±0.22 2.12 ±0.25
1)T1, 0.05% B. subtilis Ch3; T2, 0.05% B. subtilis Ch3 + B. subtilisW1; T3, 0.05% B. subtilis CM
a c‐ Mean±SE Values with different superscripts within a row differ significantly (P<0.05).
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(Mohan , 1995;
Haddadin , 1996; Xu , 2006)

( , 2000)
.

(Nelson Gilliland, 1984). Kalavathy (2003) lactic
acid bacterial ,

. lactic acid bacterial

.

B. subtilis

.

6. , Ca, P

3 B. subtilis
, , Ca P Ca, P

Table 7 .
. , T3

Table 6. The dietary effect of three strains of B. subtilis supplementation on the lipid composition of egg yolk
and liver and serum lipid fractions in laying hens1)

Control T1 T2 T3
Egg yolk mg/g

Cholesterol 12.93± 0.83a 10.77± 0.24b 11.42± 0.27b 10.97± 0.24b

Triacylglycerol 234.13±12.08 230.61±14.19 241.70±13.17 211.47±17.17
Phospholipid 143.86±10.56 128.39± 9.16 134.81± 8.51 129.56±10.96
Liver mg/g

Cholesterol 10.66± 1.05 8.85± 0.81 8.33± 0.49 8.29± 0.79
Triacylglycerol 56.44±13.28 41.97±11.18 53.63± 9.82 27.37±12.45
Phospholipid 23.51± 0.91 25.62± 1.02 23.56± 0.86 24.15± 1.09
Serum mg/100ml

Cholesterol 156.53± 4.68a 138.87± 4.42b 147.30± 1.93b 145.02± 2.76b

Triacylglycerol 1199.38±228.10 841.95±203.86 1102.86±192.26 896.90±100.45
Phospholipid 605.24± 74.13a 348.24± 47.27b 409.46± 41.37ab 378.64± 27.48b

1)T1, 0.05% B. subtilis Ch3; T2, 0.05% B. subtilis Ch3 + B. subtilisW1; T3, 0.05% B. subtilis CM
a b‐ Mean±SE Values with different superscripts within a row differ significantly (P<0.05).

Table 7. The dietary effect of three strains of B. subtilis supplementation on physical characteristics and chemical
compositions of tibia and serum in laying hens1)

Control T1 T2 T3
Tibia breaking strength, KN 0.23±0.01 0.24±0.01 0.25±0.01 0.24±0.01

Ash, % 38.32±0.95b 42.36±0.92a 42.28±0.27a 41.98±0.85a

Tibia
Ca, % 38.69±0.43 38.85±0.59 39.65±0.42 38.84±0.11
P, % 16.74±0.13 16.55±0.10 16.69±0.09 16.70±0.34

Serum
Ca,mg/dL 23.74±1.13 26.16±1.18 24.41±0.96 26.10±2.10
P,mg/dL 5.89±0.30 6.34±0.56 5.55±0.23 6.26±0.55

1)T1, 0.05% B. subtilis Ch3; T2, 0.05% B. subtilis Ch3 + B. subtilisW1; T3, 0.05% B. subtilis CM
a b‐ Mean±SE Values with different superscripts within a row differ significantly (P<0.05).
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,
38.32% B. subtilis T1, T2 T3

42.36, 42.28 41.98% (P<0.05).
Ca T2 39.65%

. P 16.55%
16.74% . Ca

23.74mg/dL B. subtilis T1
T3 26.16 26.10mg/dL

. P Ca
.

Nahashon (1996) Lactobacillus
.

Lactobacillus Ca
(Nahashon , 1994b; Nahashon , 1994c;

Nahashon , 1996)
Lactobacillus pH
(Ashmead , 1985; Nahashon , 1994a)

(Nahashon , 1996). Angel (2005)
, Ca P

DFM
, Ca P .

Mutus (2006) 500 ppm
, , Ca

, P

.

.
Nahashon (1996) Lactobacillus Ca P
, , .

P

(Mutus ,
2006). Ca, P

.
B. subtilis

P .
Ca P

.
Ca P

.
B. subtilis

Ca P
.

요 약

3 B. subtilis
, , ,

. 76
Hy-Line Variety Brown 160 4

4 ( 10 ) 6
.

2,700 kcal/kg 15.5%
, (T1) B. subtilis Ch3 0.05%,

(T2) B. subtilis Ch3 + B. subtilis W1
0.05%, (T3) B. subtilis 0.05%

.
, ,
. Haugh unit

(P<0.05), GOT GPT
. lactic

acid bacteria
(P<0.05). Coliforms

.
(P<0.05).

(P<0.05).
,

(P<0.05). B. subtilis
Haugh unit

. 3 B.
subtilis

Ca P
. B. subtilis

Ca P

.
( : , , , ,

)
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