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109

109

26

( ) 

31 9,964

297 40,099

53 8,605

492 5,050

63,718

3

( ) 

( 6 ~ 9 )

(28 ~ 32%)

(3.7 ~ 7.4%) (6.2 

~ 10.4%)

(80.8%) (56 

~ 63%) (3.7 ~ 7.4%)

(6.2 ~ 10.4%)

( ) 14 ( 1939 ) 5

2017

12 25 27 7 11

2019 6  

12

23.2  2.2 286.6  4.2

( ) 

3

MALDI-TOF MS 16S rRNA

500 20

4

( ) IIID

(Nubian) 

GNS (N-acetylglucosamine-6-sulphatase,  

G6S) cDNA 322

(C T) (FAM/HEX-labelled 

Primer) G6S

(MS-PCR) (DNA 

Sequencing) 3 G6S

GNS

( ) GeneSeek Prime 50K SNP

1,106

65% 473

27.8% 1,579

92.8%
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AxiomTM 

Bovine Genotyping v3 Array

(100% TY) 50 75% (75% TY) 14 

50% (50% TY) 19 25%

(25% TY) 12

LD

Reynold’s 0.015

0.212 LD 10 ~ 30 kb

SNP (R2 < 0.2)

29 SNP

( ) 

(Limousin, LM) (Charolais, 

CH) (Gelbvieh, GV) (Angus, 

AN) (Wagyu, WA)

(Taiwan Yellow, TY)

( ) 

9 23

253

D-loop DNA

(MM

) ( HH6 )

(D)

MM (K)

(DK1)

HH6

(HHaadd) DK5

MM HL4 ~ HH6

100% 47% 95%

( ) 

124 567

296

61

G5 5  

13.94  2.68 G6 0.48 

 0.07 5.98  0.85  

22.57  6.55

 61.35  3.46 G7

 0.48  0.08 5.83  

0.57

( ) 

24

117

DNA 87

3.5 (1 ~ 13)

0 ~ 0.774 0 ~ 0.778

0 ~ 0.735 24

10 (PIC 

 0.50) 5 (0.50 > PIC 

 0.25) 9 (PIC < 0.25)

(avian leucosis, AL)

(avian leucosis virus, ALV)

J (subgroup J ALV ALV-J) 1989

J

315 J

J

( ) 

G0 ~ G1

40

33 ~ 35 G1

(14.9  3.5 vs. 12.6  3.5 )
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(12.5  5.1 vs. 11.1  3.8 ) G0 G1

40 ( 1,275  154 vs. 1,402  170 )

G0 ( 151  19 vs. 153  6

) ( 29  5 vs. 30  5 )

( 1,197  159 vs. 1,214  141 ) 40

( 41  3 vs. 41  3 ) 40 ( 99  

25 vs. 96  23 )

171 31.4

1,238 40 1,394 40

42.7 40 67 30

L 79.4 a -6.69 b

12.3

( ) (intramuscular Fat, IMF%)

(tenderness) (juiciness)

(odor) ( avor)

(Adipocyte fatty acid 

binding protein, A-FABP)

(Heart-type fatty acid binding protein, 

H-FABP)

(FAM/

HEX-labelled Primer)

(Real-time PCR)

A-FABP

H-FABP

( ) 

600 K

RFI (EBV)

(genomic EBV, GEBV)

GEBV

14

(F) (Dm)

(De) 5.74  2.26 6.51  2.23 5.45 

 2.19 BLUP

14

1 ( 4.05 )  14 ( 5.74 

)  41.7%

( ) 

G1 0 8 16 20

40

G1 20

39  4 3,018  

484 3.68 G1 G0

(P < 0.05)

3,024  483

177  8 41  9 40

3,215  336

64  12 61  11% 51  3

G2 81.9%

77.5% G1 G0

G1

12   9

G0

20

30.3

2,288.2 16.1 65.3 4.0

45

107

56.4% 42.5 ( 1  ~ 2 )

( 6  ~ 8 )
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( ) 

8 14  

8 14 14

5% 

53.7% 37.2% 108

6

0.531 ~ 0.747 6

-

( ) 1.

(porcine iPSCs, piPSCs)

piPSCs

piPSCs 2.

piPSCs

(endothelial cells, ECs) ECs

3. iPSC  

LIN28, NANOG, 

SOX2, OCT3/4, KLF4 c-MYC

(muscovy duck embryo broblasts) 

(muscovy duck 

induced pluripotent stem cells, diPSCs)

 diPSC

( ) 1.

109 570

136 (classical 

swine fever) (pseudorabies)

(porcine reproductive and respiratory 

syndrome) (Japanese encephalitis)

2

(porcine circovirus type 2)

PRRS  PRgE 2.

THI

3.

109 2

0%

( ) 1.

(pregnancy-associated glycoprotein, PAG)

(dairy herd 

improvement, DHI)

2.

0 24 25 42

3.

11

3 ~ 8 mm 95



5

57 60%

(43.8%)

8 4.

5.

 (Heat shock proteins, HSPs)

 

(motility) (acrosome integrity) 

 (mitochondrial depolarization) 

HSP70

6.

44 miRNA

23 miRNA

21 miRNA

miRNA

miRNA  

7.

Sar1A mRNA

45

Sar1A

SAR1A

( ) 1. 

( 1 ~ 3 ) ( 7 ~ 9 )

2. 

3.

4. 

( 1 ~ 2 )

( 6 ~ 8 )

THI

5. 

26

107

(phytogenics)

108

1/3

( ) (Pennisetum spp.)

1120 2015
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2 (TS 2) TS 3 TS 8

1120 2015 TS 8

TS 3

1120 2015 TS 3 TS 8  

6

20 25 1114

2112 2201 2213 TS 2

TS 2 2201

2213 8.3%

65.6% 39.3%

86.3%

32.7% 2

DNA

1 (TS1) 8 (TS8)

5 8

(L/S)  

TS4

TS4 TS6

TS3

1 (TS1) 8 (TS8)

SPAD

 SPAD TS6 7

TS4 5

SPAD TS1 2

( ) 

(Eccoilopus 

formosanus)

8

8

10%

pH

( ) 

2

6

4

pH

Langmuir adsorption isotherm  Freundlich 

adsorption isotherm
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R2 Langmuir

Freundlich

Langmuir 

Langmuir 

( ) 

20 (6.1 

 2.44  2.62 m 12 KW 14.3 

M3/min 1/2 HP, 2,800 ~ 3,200 RPM)

BTC 4100  

( Fuzzy

PT100 0 ~ 250 )

(Programmable Logic Controller, 

PLC)

30% 25%

4 ~ 6  

0.4 ~ 1.15 2.55 ~ 3.65 

/ 1 ~ 2 

30% ~ 25%

( ) 

1%

/

(

)

0.75%

1 10

( ) 1.

1.5

2.

 

12

3

1.2 /

m2

0.2 mg/kg 4

4  

1.7

3.

4.

5%
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2050

10%

5.

-6

2

7

90%

( ) 1.

1 2

2

51.24 6

170

43

 78.4

99.1%

98.8%

2. 

50 80 110 kg

3. 

( ) ( ) 1.

( A )

( B )

A

7 52%

0.56% B 1

1 2

23.35% 20%

0.25% (5-08)

2.

11%

3

3.
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5,000 109

113,638 kWh 2,023.9

30,000 7 12

583,900 kWh 10,174

150 109 22,353 

kWh 280

TS

pH

4. 

( )

7

70%

( )

5. 

109

( ) 

5

14.8%

( ) 

Lactobacillus  

ke ranofaciens HL1 Lactococcus lactis subsp. 

cremoris APL 015

HL1

Pm-1  

 HL1

( ) 

1.

4

2.

5%

4

3.

5% /30 min

( ) 1.

2
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2.

 

3.

3

2

37 10

( ) 1.

6 3

2.
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J

 

(avian leucosis, AL)

(avian leucosis virus, ALV) J  

(subgroup J ALV, ALV-J) 1989

J

2020 315

J EDTA-K3

2

PCR (primer H5/H7)

J

J

FAO (2010)

24

G4 117 DNA

MCW0103 MCW0216 MCW0248

21

87

3.5 (1 ~ 

13) 0 0.774 0.422

0 0.778 0.372

0 0.735 0.377

24 10  

(PIC  0.50) 5 (0.50 > PIC 

 0.25) 9  (PIC < 0.25)

3

MALDI-TOF MS 16S 

rRNA

500

20  

(Firmicutes)

(Bacteroidetes) (Actinobacteria)

(Proteobacteria) Synergistetes
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110 1

12 ( )

(69%) vs. 81.6%

( 6 ~ 9 )

 (28 ~ 32%) vs. 45.6%

(3.7 ~ 7.4%) vs. 4.6%

(6.2 ~ 10.4%) vs. 7.6%

110 1 12 (

)

( 7 ~ 9 )

 (80.8%) vs. 87.9%

 (56 ~ 63%) vs. 62% (3.7 

~ 7.4%) vs. 4.6%  (6.2 ~ 

10.4%) vs. 7.6%

11 DNA

84.7% vs. 93.3% (5.8%) 

vs. 3.3%

108

183 

128 22

2,506 20 166 PR ( ) 

gE ELISA 2,672 2,983

2.11%

7.83%

( )

31 9,964

297 40,099 53
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8,605 492

5,050 63,718

1,526

(30%) 1,317 (26%) 750 (15%)

689 (14%) 499 (10%)

269 (5%)

3

1 (L102) (L201) ( )

28  

30 1 (L102)

(L201) 2 ( ) 72 (

8 28 ) (Egg Drop 

Syndrome; EDS) 40

2

L102 L201

2 2 4 9

10 EDS

6 4 1

(hemagglutination-

inhibition test, HI) 1

(L102) (L201) 2 ( )

97.0 92.2%

18.7  0.8 log 2 17.9  0.8 log 2

4.5  1.1 mL 4.9  1.3

14 (1939 ) 5

14

2016

8 11

2017

8 11 2016

2017 2020 5

4 9 7 2018

12 25

27 7 11 2019 6

12

2018 2019 5

284 294 286.6  4.2

12 2018

23.2  2.2

 1 (L102) (L201)

(week)
No.

(g) (cm) (cm)

1
40 81

58.5

3.2

6.1

0.2

4.1

0.1

67.1

3.3

40 75
70.0

3.5

6.1

0.2

4.5

0.1

72.9

2.5

 1 (L102) (L201)
EDS

(week)
(%) (log2)

1
40 132 128 97.0 18.7  0.7

40 128 118 92.2 17.9  0.8
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7 11

(cm) 126.4  6.9 116.8  3.0

(cm) 150.7  6.8 140.2  5.2

(cm) 69.7  4.3 66.0  1.3

(cm) 44.4  3.5 40.1  3.7

(cm) 46.9  6.5 43.1  4.3

(cm) 49.6  3.3 46.0  3.4

(cm) 20.4  0.8 17.4  0.6

(cm) 196.9  16.5 180.8  5.4

(cm) 122.2  5.8 115.1  3.0

(cm) 51.4  11.5 39.7  3.6

(cm) 33.9  5.5 28.7  4.9

(Kg) 574.7  80.2 415.2  41.8

(Mucopolysaccharidosis, MPS) IIID

glycosaminoglycans (GAGs)

GAGs

(mucopolysaccharide)

(Nubian) GNS (N-acetylglucosamine-

6-sulphatase,  G6S) cDNA 322

(C T) 5

90

(FAM/HEX-labelled Primer)

G6S G6S  

72.2% (65/90) 27.8% 

(25/90) 0% (0/90)

(MS-PCR) (DNA 

Sequencing) 3 G6S

GNS

Real-time PCR
(FAM) (HEX)

(FAM/HEX)

A-FABP
Exon 1

(intramuscular Fat, IMF%)

(tenderness) (juiciness)

(odor) ( avor)

(Adipocyte fatty 

acid binding protein, A-FABP) (P < 0.05)

(n = 30) (n = 30)

(n = 30) (FAM/HEX-
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labelled Primer) (Real-time 

PCR) A-FABP

Exon 1

C

0.85 0.38 0.85 A-FABP

Exon 1

A-FABP
Exon 1

CC CT ( )
TT

H-FABP
Intron 2

(intramuscular Fat, IMF%)

(tenderness) (juiciness)

(odor) ( avor)

(Heart-type fatty acid 

binding protein, H-FABP)

(n = 26)

(n = 30) (n = 30)

(FAM/HEX-labelled Primer)

(Real-time PCR)

H-FABP Intron 2

C 0.54 0.33 0.23

H-FABP Intron 2

H-FABP
Intron 2

TT CT ( )
CC

1

0 - 1 (G0 ~ G1)

G0 G1 137 170 33 

~ 35 20

1 1 0.03 ~ 0.04 
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mL 2 ( 3

) 8 1

40

33 ~ 

35 G1 ( 14.9  3.5 vs. 12.6  3.5 )

( 12.5  5.1 vs. 11.1  3.8 ) G0

(P < 0.05) ( 16.3  3.3 vs. 16.6  2.8 

) G1 40 ( 1,275  

154 vs. 1,402  170 ) G0 (P < 0.05)

( 151  19 vs. 153  6 ) ( 29 

 5 vs. 30  5 ) (1,197  159 vs. 1,214 

 141 ) 40 (41  3 vs. 41  3 )

40 (99  25 vs. 96  23 )

16 16

30 40

40 40

226 334

16 1,273 888 16

0.74% 16

89.4 99.6 100 87.3 97.2 100 97.4 99.0%

171

31.4 1,238 40

1,394 40 42.7 40

67 30 L 79.4 a

-6.69 b 12.3

109

 29 32 35 10 15
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0.05 mL 2

14 7 1

7 14

(F)

(Dm) (De) 5.74  2.26

6.51  2.23 5.45  2.19 (Mean  SD)  BLUP 

14

4.05 3.44 4.03 4.14  

4.79 4.05 4.95 5.52 5.20 5.43 5.13 5.55

5.59 5.74 -0.05  

-0.02 -0.03 0.03 -0.09 0.35 0.73 1.12 1.50

1.84 2.28 2.53 2.86 3.00  14  

( 4.05 )  

14 ( 5.74 )  41.7%

(residual feed intake, 

RFI)

 5  10  576 

 600K 

RFI

(EBV) (genomic 

EBV, GEBV)  10 

(EM) (intake) RFI

(FE) 0.22 0.49

0.27 0.10

0.20 0.48 0.27 0.10

RFI EBV GEBV  

0.9633 ~ 0.9775 EBV GEBV  

50%

GEBV

 RFI 0.9053

GEBV

 (EM)
(intake) (rFI)

(FE) (P) (EBV)
(GEBV) (R)

GeneSeek Prime 50K SNP

31 1,701

3
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1,106

65% 473

27.8% 1,579

92.8%

36

18 9

9

(Bos taurus)

(Bos indicus) (Bos taurus)

(Bos taurus)

AxiomTM Bovine Genotyping v3 Array

(100% TY) 50 75% (75% TY) 

14 50% (50% TY) 19 25%

(25% TY) 12

(minor allele frequency, MAF)

(linkage disequilibrium, LD)

(quality control) SNP 60.38 ~ 70.38%

MAF

100% TY 75% TY 50% TY 25% TY

0.170  0.158 0.197  0.158 0.213  0.157 0.199  

0.160 Reynold’s 0.015

0.212 LD 10-30 kb SNP

(r2 < 0.2)

29 SNP

4 Bovine Genotyping v3 
Array  

4 B o v i n e  
Geno typ ing  v3  Ar r ay
R e y n o l d ’s

5K
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5,690 (5K)

109

5K  

DNA

100% 75% 50% 25%  

(Limousin, LM)

(Charolais, CH) (Gelbvieh, GV)

(Angus, AN) (Wagyu, WA)

(Taiwan Yellow, TY) LM  TY (LY) CH  
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TY (CY) GV  TY (GY) AN  TY (AY) WA  TY 

(WY) 110

67

TY

22.3  3.3 kg (n = 29) LY 33.3 

 2.6 kg (n = 6) (ADG)

TY 0.41  0.06 kg (n = 26) GY CY

0.47  0.07 kg (n = 3) 0.48  0.16 kg (n = 3)

GY CY TY

14% 17% ADG TY 0.67 

 0.12 kg (n = 9) AY  0.81  0.08 kg (n = 4) 

20%

( 12 33 ) 1 ( 95
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142 )

8 14

8 14 14

( P < 0.01  > 

) 5%

( P < 0.01

 < )

20 ( 8 12 ) 20

( 10 10 )

8 16

(P < 0.05)

9 2 1 ~ 4

1 ~ 6 ( 4.6 )

35 ~ 38

53.7% 37.2% 108

6 (Cam3

Cam4 Cam5 Cam6 Cam9 Cam10)

(polymorphism information content) 0.531 ~ 0.747

6

HH6 (D)

(K) (DK1)

HH6 (HHaadd)

(

25% 75% ) DK5

DK6

DK6 (

) 88.2% DK5

11.4 10.0 80.0%

DK6 1.38 kg

4.17 kg DK6 (n = 10) (n = 23)

70 19.6 kg 19.5 kg 180

94.4 kg 91.1 kg 180
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1.98 cm 2.15 cm

2.57 DK6

118.4 cm 113.7 cm 31.1 cm

29.7 cm 33.5 cm 34.2 cm

DK5 MM

HL4 100% 47%

95%

(
)

9

23 253

5

22 D-loop DNA

DNA

9 12

6

100%

54 kg 72 (36 36  

)  

2,699 2,699

2,763 ( )

40.2 43.7 34.9 50 ~ 130 kg

30 424 

( )
( )

 124 ( 76

4 3 41 ) 567

296  

( 255 11 30 )
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(  

5  62 )  61

12

(P < 0.05)

(P < 0.05)

 

G5  1  2428  1  4  5

 13.94  2.68 G5  G6  13

 0.48  0.07  

5.98  0.85  22.57  6.55

 61.35  3.46 G6 G7  

1  0.48  0.08

 5.83  0.57

G7

9 12

12  9

G0
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G2 91.9% 82.7%

20

30.3 g

2,288.2 g 16.1 g 65.3 g 4.0

45  

107 56.4% 42.5 g

22

15 ( 1 ~ 2 )

( 6 ~ 8 )

3.0  0.4 106/ L

14.3  2.3 g/dL 14.5  4.7  103/ L 4.7  2.7  103/

L 7.0  2.4  103/ L 2.7  1.6  103/ L 18.0  7.7 

 103/ L 0.4  0.2 g/dL

1.1  0.4 mg/dl  

0.1  0.1 mg/dl 4.2  1.4 mg/dl 1,833.7  867.5 

IU/L 161.7  45.0 U/L 6.2  3.6 U/L 0.1  0.1 mg/

dL 4.2  0.8 g/dL 325.1  139.4 IU/L 130.7  36.3 

mg/dl 16.8  7.0 mg/dl 4.8  1.0 mg/dl 4,66.0  

182.2 U/L

108

8 120 ( G1 )

2 3

40 G1 0 8 16 20



25

G1

40

G1

39  4g 20 3,018  484 g 0 ~ 

20 21  3 g

77  8 g 3.68 G1 G0

(P < 0.05) G1

G0 G1

3,024  483 g 177  8 41  9 g

40

3,215  336 g 64  12 61  11% 51  3 g G1

G0

G2 81.9%

77.5% G1 G0

G1
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(endothelial cells, ECs)

(perivascular cells, PCs)

(progenitor cells)

(induced pluripotent stem cells, iPSCs)

(human iPSCs, hiPSCs) ECs PCs

(porcine iPSCs, piPSCs)

ECs

piPSCs

ECs piPSCs CHIR99021 (10 

M) BMP4 (50 ng/mL) VEGF (50 ng/mL) bFGF 

(10 ng/mL) Activin A (10 ng/mL)

3 VEGF (50 ng/mL) bFGF (10 ng/mL)

SB431542 (10 M) 4

(endothelial progenitor cells)

VEGF (50 ng/

mL) ECs

piPSCs ECs (piPSC-

ECs) piPSC-ECs ECs

88% vWF 81% CD31

VE-cadherin

ECs

(embryonic stem cells, 

ESCs) (induced pluripotent stem 

cells, iPSCs)

(mitomycin C)

(pluripotency)

ESCs

iPSCs

(human iPSCs, hiPSCs)

(porcine iPSCs, piPSCs)

iMatrix-511 Vitronectin XF

Matrigel® StemFit basic02

 
(A)

(B) (C)  
(D) CD31 VE-cadherin vWF

2i piPSCs
(A) StemFit Basic02 + 2i mTeSR1 

+ 2i Matrigel® piPSCs
(B)

StemFit Basic02 + 2i mTeSR1 + 2i Matrigel®

(C) 
StemFit Basic02 + 2i Oct4 Sox2
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E8 mTeSR1

piPSCs piPSCs

Vitronectin XF Matrigel®

iMatrix-511

StemFit Basic02 E8

mTeSR1

bFGF BMP4

CHIR99021 SB431542 ( 2i)

StemFit Basic02 mTeSR1

piPSCs

piPSCs

piPSCs

iPSC

LIN28

NANOG SOX2 OCT3/4 KLF4 c-MYC

(muscovy duck embryo broblasts) 6 

~ 7 dEFs 

30

(muscovy 

duck induced pluripotent stem cells, diPSCs)

20 Oct-4

AP

 diPSCs (embryoid body)

diPSCs

 diPSC 

30

109 570

136 PCR/RT-PCR

(classical swine fever)

(pseudorabies)

(porcine reproductive and respiratory syndrome)

(Japanese encephalitis)

2 (porcine circovirus  

type 2)

(diPSC)

 A P = 11 B P = 19 C P = 24
 scale bare = 100 
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10 16

8

7 ~ 9

(Temperature Humidity 

Index, THI) (P < 0.05)

(P < 

0.05)

(Alanine aminotransferase, AST)

(Cortisol)

PRRS PRgE

PRRS

PR

12

2
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84.5% (71.9 93.3) 28 ~ 35

TRUS 92.7% ~ 99.8%

80.5% ~ 97.6% PAG ELISA

TRUS

(dairy herd improvement, DHI)

PAG 307
28 ~ 35 ELISA

(80 THI < 89) (72 THI < 79)

(THI < 72)

60

1

8

(Total protein, TP) (Creatine kinase, CK)

(P < 0.05)

THI

(pregnancy-associated glycoprotein, PAG)

(transrectal ultrasonography, TRUS)

(Bayesian latent class 

model) 370

28 ~ 35 TRUS

PAG 

(Enzyme-linked immunosorbent assay, ELISA)  

307

PAG ELISA  

( 95% ) 97.4% (91.2 99.8) 99.4% 

(93.5 100.0) PAG ELISA

( 95% ) 99.0% (94.7 100.0)

ELISA 307
28 ~ 35 PAG

25
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48

(  vs. ) 

(73.93  1.90% vs. 68.30  3.99%)

7 (42.87  1.26% vs. 42.65  3.83%)

(76.41  1.29 vs. 69.00  8.91)

HSPs

(Heat shock proteins, HSPs)

( )

0 24 25 42

(laparoscopic oocytes pick up, 

LOPU)

10

II (metaphase II, MII) (74.88  2.00% 

vs. 81.14  7.00%)

24

Oocytes
origin

Total
oocytes

retrievedn

GV
(%)

MII
(%)

Degenerated
(%)

Surgical 159 30
(18.53

0.02%)a

119
(74.88

2.00%)

10
(6.21

1.29%)b

Laparoscopy 44 4
(5.70

0.03%)b

35
(81.14

7.00%)

5
(11.12

2.27%)a

n = 4 replications of collection.
Means  SE
GV: germinal vesicle; MII: metaphase II.
a, b Means in the same column with di erent superscripts 

di er signi cantly (P < 0.05).

Oocytes
origin

Total
oocytes

retrievedn

Cleavage
(%)

Day 7
blastocysts

(%)

Total
cell
no.

Surgical 165 105
(73.93

1.90%)

61
(42.87

1.26%)

76.41

1.29a

Laparoscopy 46 32
(68.30

3.99%)

20
(42.65

3.83%)

69.00

6.23b

n = 4 replications of collection.
Means  SE
a, b Means in the same column with di erent superscripts 

di er signi cantly (P < 0.05).

Semen 
samples

Sperm
motility

(%)

Acrosome 
integrity

(%)

Mitochondrial 
depolarized

(%)

1 42.1  0.1c 52.6  4.1b 26.3  1.1a

2 40.9  0.4c 33.2  1.8d 45.1  2.9c

3 57.7  2.1b 40.1  0.9c 34.6  1.9b

4 31.7  0.4d 50.7  0.6b 33.4  3.3b

5 65.0  2.1a 61.6  1.1a 24.6  2.3a

Di erent superscript letters (a ~ d) in the same column 
represents signi cance di erence at P < 0.05.
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HSP 70 HSP

5 (Alpine)

HSPs

(motility)

(acrosome integrity) (mitochondrial 

depolarized)

(high motility, HM) (low 

motility, LM)

HSP70 ELISA

Western HSP70

HSP90 HSP70

1 ~ 3

( ) 7 ~ 9 ( )

( 39.6  0.3 )

( 39.0  0.3 )

0.76 ~ 1.01%

12 ~ 25 /

19  3.1 ~ 24  5.8 / 38  5.3 ~ 46  

7.5 / 38 /

46 /

( / )

70 ~ 80

/ 107  12.8 ~ 135  23.1 /

104  13.2 ~ 117  17.5 / 104 

 13.2 /

117  17.5 /

13.95 ~ 24.17% 10.17 

~ 19.13%

12 38.10

HSP 70

Item HSP70 
expression

Motility Acrosome 
integrity

Mitochondrial
depolarized

HSP 70
expression

Motility 0.90

Acrosome
integrity 

0.45 0.31

Mitochondrial
depolarized
(%)

-0.44 -0.41 -0.92
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6 10

300 150

150

6 3 38.54 

 0.68 0.44

300 3 37.92 

 1.40 0.18

4 37.85  1.4

38.10 0.25

300

2020

( 6 ~ 9 ) (temperature 

and humidity index, THI) (79 < THI 

 83) ( 1 ~ 3 ) THI (THI  74)

39.10 ~ 

39.97

( 68.85 vs. 
87.99 )

( 7.15 vs. 10.82 mg/dL )

( 27.85 vs. 40.76 mg/dL )
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( 46.85 vs. 33.82mg/dL )

(P < 0.05)

( 1 ~ 2 ) ( 6 ~ 8 ) 

THI

 

( ) THI

70.9 84.3 (P < 0.05)

5

 

 

 

G

A

(P < 0.05)

( ) THI 71.8

84.1 (P < 0.05)

G A  

(P 

< 0.05)

109 2

 0%

( 4.0 8.9% )

( )

(  

)

100

1 4

 50 1

 8 

1 2%

24 31 70 100%

 70 95%
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15 ( 1 ~ 

2 ) ( 6 ~ 8 )

8

30 13 30

1

IgA

IgG THI 73.5 82.3 

(P < 0.05)

 

IgA IgG
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(P < 0.05)

(oocytes pick up, O PU)

OPU

 

60%

( 10 ~ 20 / )

11

3 ~ 8 mm 95

57 60%

(43.8%)

8

(miRNA)

miRNA

miRNA

stage X RNA (Next 

Generation Sequencing, NGS)

miRBase chicken genome

miRNA miRNA

15-28 nt miRBase chicken 

genome miRNA 10.7%

miRNA 3.95%miRNA

44 miRNA

23 miRNA

21 miRNA

miRNA miRNA

ClusterPro ler GO

miRNA

miRNA

mirPATH

miRNA nucleus

protein binding ClusterPro ler KEGG

miRNA

Biosynthesis of unsaturated fatty acids

Fatty acid metabolism Amino sugar and nucleotide 

sugar metabolism mirPATH

miRNA Fatty acid 

elongation Biosynthesis of unsaturated fatty acids

GO KEGG

miRNA Biosynthesis of unsaturated fatty 

ClusterPro ler GO
miRNA
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acids

Sar1A
mRNA

L2 B

20 L2

B L2

B L2

L2 ( ) B (

) cNDA (complementary DNA)

(

BDH1 PCDHA HPGDS NCAM1 PLAG1

PRL SAR1A SCG2 ) Sar1A (secretion 

associated Ras related GTPase 1A)

45

Sar1A SAR1A 

RNA

(RT-PCR) cDNA sar1A  

sar1A mRNA

(

)

Sar1A 45 mRNA
(

internal control 18S
RNA ) 1. 2. 3. 4.  
5. 6. 7. 8. 9.
10. 11. 12. 13.
14. 15.
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2

336 6

4 14

( 0 ~ 3 ) ( 4 ~ 5 )

1% 2%

6

( 0 ~ 3 ) 50 ppm 0 ~ 

3 (P < 

0.05) 4 ~ 5

(P < 0.05)

0 ~ 3 4 ~ 5

0 ~ 5

1 ~ 2%

(P < 0.05)

(P < 0.05)

1 ~ 2%

(p-arsanilic acid)

100 200 300 ppm 

(Lactic dehydrogenase, LDH)

(P < 0.05) (aspartate 

aminotransferase, AST)  

(alanine aminotransferase, ALT) (Alkaline 

phosphatase)

albumin 100 ppm

12

300 ppm

Lab

(III)

30 12



38

( 14 ~ 15 )

42.9% ~ 60%

(  = 1 13 w/w )

95

30

DPPH

95 40

12 2

(2-1A X-1d-3) 2-1A 38 10%

( 0.5% peptone

0.5% )

X-1d-3

38 10%

( 0.5% peptone )

Ke r ( )

20 10%

224

( ) 2-1A X-1d-3

Ke r 4 14

0.1%

109 109 107 CFU/

g 2-1A

X- 1d-3 Ke r

22 ~ 35 0 ~ 35

2025

24.9% 5% 24.4%

10% 16.3% 15%

12.2% 20% 10.0%

25% 12.2%

15%

61

 (1 2 3
4 5

6 7  

)
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1%

(Lactobacillus 
(L.) salivarius P1 L. gasseri P12  L. ruteri G7)

(postbiotics)

(cell-free supernatant, CFS)

6 

G7 CFS (Average 

daily gain, ADG)

(Feed Conversion Rate, FCR)

G7

 D- (D-lactate)

(Lipopolysaccharide)

UPLC-MS/MS  

136 38 

1 (45.6%)

1 (62.2%)

7 

L. ruteri G7

 

E E

22

( n = 7 ) 1 (

1,500 IU E 0.3 ppm n = 

7 ) 2 ( 750 IU E 0.15 

ppm 0.4 ppm n = 8 )
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Control T1 T2

0.77 0.78 0.95

3,583 6,566 9,380

( )

( )

( LYD ) 0.01 ~ 0.05%

GOT

(P < 0.001)

(P < 0.001) NEFA

21 1

2 55.7 60.8 63.4 mg/dL

2 (P < 0.1)

30 21 (

30 /mL )

) ( 225 )

3 0 ( )

500 IU E 0.3 ppm (

1 ) 250 IU E 0.15 ppm

10 g ( 2 ) 1

2 30

5.6% 1 2 6.9%

6.2% 1

2 GOT CPK GSH-PX TAS

E

30 (Control)

4 39

7 1 (T1) 8

39 7

2 (T2) 8 60

10 T2

8 9 10 Control

T1 (P < 0.05)

(glutamic oxaloacetic 

transaminase, GOT) (glutamic 

pyruvic transaminase, GPT)
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55%

1,000 cfu/g  

0.07 ppm  2.51 ppm  0.35ppm

(

) 0.01%  

14.74% 6.34% M (IgM)

12.92% 0.05% A (IgA)

G (IgG) 9.86% 6.32%

0.01 ~ 0.05%

5 ~ 6
0.01%

14.7% 0.05%

97.6%

( )

( 0 ~ 4 )

( 5 ~ 8 ) ( 9 ~ 12 )

1 28 56 96

A B C D 4

0( ) 500 1,000 1,500 FTU/kg

3 8 0 ~ 4

1,500 FTU/kg

1,000 FTU/kg 12

1,500 FTU/kg

 (Lycium chinense Miller, 
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90 4

0% ( )  

3% 6% 9% 12% 5

5 - 8 6%

9%

12% 9 ~ 12

9% 8 12

16  

16

9%

(

35% 27% ) (

19.1% )

9% 12

 

 

320 1 (ROSS 308)

0.5% 1%

0 ~ 24 50 ppm

LCM)

( )

1

96 3

0.05 0.5%

0.05% 3

 ( 8 )

12

12

0.5%
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(tylosin) 4 20

35

10 24 35

35 8

10 1%

(P < 0.05) IL-1 1%

0.5%

(P < 0.05) 1%

1%

IL-1

320 1

(ROSS 308) 0.5%

( 3 2 1 = )

1% 0 ~ 24 50 ppm  

(tylosin) 4 20

35 10

24 35 35

8

0 ~ 10 0.5%

(P < 0.05) 0 ~ 10 1%

(P < 0.05)

(P > 0.05)

20 ~ 120 kg 20 kg

5 3

20 ~ 60 kg

3,400 kcal/kg 61 ~ 120 kg

3,250 kcal/kg LD 36

( ) 12

20 ~ 40 kg 41 ~ 60 kg

18% vs. 17% vs. 16% 17% vs. 16% vs. 15%

61 ~ 80 kg 81 ~ 100 kg 101 ~ 120 kg

16% vs. 15% vs. 14% 15% vs. 14% 

vs. 13% 14% vs. 13% vs. cp12% 3,250 

kcal/kg (21 ~ 60 kg)

cp 18% 3,400 
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kcal/kg cp 17% 3,400 

kcal/kg (61 ~ 

120 kg)

cp 16% 3,250 

kcal/kg cp 14% 3,250 

kcal/kg 13% 3,250 

kcal/kg

(Bacillus coagulans)

48 4 (   )

3

( A ) ( B )

2  105 CFU/kg C B

3.2 g/kg  

A B C 0.47 0.57

0.51 kg B (P < 0.05)

0.22 0.28 0.24 kg B

(P < 0.05)

(Temperature-humidity index, THI)

2019

5 8 24

( 28.8 kg) (  1.9

) ( 158 ) 2

10 mg

5 g

30 ( 1 5

locomotion score)

THI 75.2  1.1 (

)

(2.09 vs. 1.64) 0.6 ~ 0.9 

kg

30 60 90

(GOT) (GPT) 

(LDH)

(THI 75.2)

(THI 75.2)

(cv.TLG 5)

21 2 kg

2 28

(  

20% )

5

10% 20%

20% (P < 0.1)

(P > 

0.05) 10% 20% (P 
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< 0.05) GOT GPT

20 5

2 28

5% 3%

+ 2% 3% + 2% 3%

+1% +1%

3% + 2% 5%

(P < 0.10)

GOT GPT

 

+ (10 1)

+

0 4.5% 9%

13.5% 20 2.0 kg

4 2 24

(2.20

2.27 2.21 2.20 kg) (2.88 2.79 2.71 2.68 

kg) (4.20 4.25 3.88 4.10%)

(3.19 3.18 3.19 3.19)

+

13.5%

4.5 ~ 9%

9

3 : (IMG) (

) (PAG)

(PCG) PAG PCG IMG

28 

21 7

PAG

IMG

7%
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( 3.3 )

1.42

( PAG ) 1.68 ( PCG )

0 ~ 3

3

( ) 4%

8%

3

9 162 3 ~ 16

15% 2,890 kcal/kg

3 8 12 16

16 2

16

4,629 ~ 4,836 g  

3 ~ 16

3.68 ~ 4.11

3.68 8%

4.11 16

82.5 ~ 84.3% 3 ~ 

16 2,362 ~ 2,546 

g 16

20.3 ~ 20.7

16 76.8 

~ 80.5% 4% 8%

80.3% 80.5%

76.8%

104 106

107 108

109

( )

( )

1

78 3 2 6

1 13

( 0 ~ 8 ) ( 9 ~ 16 )

( 16 ) 2  

CaMV35S-p FMV-p Nos-t tE9 CP4-EPSPS

PAT 6 (element)

MIR162 T25 NK603 GTS 

8% 16



47

4

( ) 0.2% (C 0.2) 0.4% (C 0.4)

0.1% (P 0.1) 4

5 ( ) 24 40 kg LYD  

3

( ) 0.2% 0.4%

6

5

54.0 53.0 52.1 54.2 g/d (G/F)

0.76 0.74 0.72 0.77

31

C 0.2 ( 14% )

(P < 0.05)

0.2 ~ 0.4% H2S

55% ~ 67% NH3 23% ~ 32%

0.2%

Laboratory Mini-Pig Grower Diet 

5081 14% 2,410 kcal/kg

14%

5.2 kg 24 2 

 2 ( )  

(P 

< 0.01) (P < 

0.01) 12

0-12

(P < 

0.01) 12

6.8

4-30-2 MON87701 MON89788

24

24

DNA

 

( ) 320 1
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6.2 6 4.6 6

74.2% 0.76

5.5

5081 12

(Polymethoxy avone, PMF)

3 ( 50 100 150 ) 2

(90 150 min)

DPPH ABTS+

PMF

100 150 (p < 0.05)

50

100 150 (p < 0.01)

50 150 min 90 min

DPPH 150

50 100

ABTS+

150 50 100 150 min

90 min

100 150 150 min

PMF 150 150 min
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8 (TS1 ~ 8)

 

( )

1120 2015

2 (Taishiugrass No. 2, TS 2) TS 3

TS 8 5 

4 TS 2

1120 2015 TS 8

TS 3 TS 2

1120 2015 TS 3 TS 8

1120 ( )

20 ~ 25 6

( ) 1114 2112 2201 2213

2

2 2201 4

41.6 2213

8.3% 65.6%

39.3%

(Acroceras macrum Stapf)

(2n = 36) (2n = 45)

(2n = 54)

1 2 3

10

86.3% 32.7%

2

 

2 (A)
(B)

1120 ( )
( )
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DNA  

1 (TS1) 2 (TS2) 3  

(TS3) 4 (TS4) 5 (TS5) 6 (TS6) 7 (TS7)

8 (TS8)

4 2 (

) 2

5 8

(L/S)

 

4 4 6

3

3 4 6

(Pennisetum purpureum Schum.)

50

1 8 SPAD

SPAD
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8

6

SPAD

6 7 4 5

SPAD

1 2

SPAD

Langmuir adsorption isotherm Freundlich adsorption 

isotherm

500

200 mL 0 50

100 150 300 500 ppm

(mg/g)

Freundlich (Qe = KF  Ce
1/n) Langmuir (Qe 

= (Qm  KL  Ce) / (1 + KL  Ce))

Freundlich

R2 0.934 0.898 0.826 Langmuir

R2 0.982 0.995 0.999

R2 Langmuir Freundlich

Langmuir 

(active site)

 Langmuir 

Qm 8.75 6.35

4.82 mg/g

142.1 138.3 104.7 m2/g

Langmuir

CP ADF NDF WSC

pH 4.20 ~ 4.33 Flieg

70.0 ~ 84.7

pH 4.12 ~ 4.31 Flieg

83.3 ~ 99.5

pH 5.13 ~ 5.39

Flieg

27.5 ~ 34.2

8 Flieg

46.2 ~ 58.3 pH

4.65 ~ 4.81 Flieg 39.6 ~ 40.8

8

pH 4.11 ~ 4.23 Flieg 65.2 

~ 70.2 2

pH Flieg

79.5 81.2

8
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10%  

pH

3.8 Flieg 93.5 94.2

20

(6.1  2.44  2.62 m  12KW

14.3 M3/min 1/2 HP 2,800 ~ 3,200 

RPM) InterPuls 3,300 L/min

10 HP 7.5 KW 3 inch PVC

(Stabilvac 

Monoblock 6000) 50 kPa

BTC 4100 ( Fuzzy

PT100

0 ~ 250 )

(Programmable Logic Controller, PLC)

C3

2

( )

6 2,827 g/m2

730 g/m2

4 1,437 g/m2

423 g/m2

5.2% 11.9%

4.5% 7.7%

2

pH

SPAD

SPAD 1

2.3 3.7

1.3 1.5

185%

145%
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( )

0.9

8.5

(Eccoilopus formosanus)

(millets)

5.0 ton/ha 7.3 ton/ha

2.1 ton/ha 4.5 ton/ha
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1.

20

pH

2. 6

1%

/

3.

4.

15 30

3 (

) NI ( 0.5% ) N2 (

0.75% )

( )

0.75%

120 cm 120 cm

35%

1.4 /kg 25%

/
104 108

/
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0.3

30% 25%

4 ~ 6

0.4 ~ 1.15

2.55 ~ 3.65 /

1 ~ 2

30% ~ 25%

(Pennisetum 
purpureum Schumach) (Pleurotus 
eryngii)

9.55%

17.83% 51.42% 56.19%

 1:10

7.71% 12.40%

2.05% 3.51%

300 g/day/cow 60
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21

420 4

1 1.5 2 2.5

4 3

20 12

84

1

84

3,083 ~ 3,174 g 1 1.5

3,195 3,174 g 2 2.5

3,083 3,086 g 84

3.07 ~ 4.20

1 1.5 3.07

2 2.5 4.09 4.20

1 1.5 2 2.5

2.70 4.01 5.19 6.49 kg/m2

1.5

2.5

66

0 7

14 31

SAS

(0.610 0.610)

(0.498 0.587)

9 3

(250 150 130 g/day/bird) 3

21 189

1 5 16
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12.5% 2,350 kcal/kg

250 g/day/bird 150 g/day/bird

130 g/day/bird

10.2 8.15 10.6

(130 150 

g/day/bird)

250 g/day/bird (72.5 68.3% vs. 39.1% P < 

0.05)

2

180 3

2 3 

10

3 ~ 4

5 ~ 8 3 ~ 12

9 ~ 12

5 ~ 8

12

(
)
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1 192

2 3

4 8

(1.2 /m2) (1 6 /

m2 1 2 3 /m2 3 8 2.4 /m2

9 12 1.2 /m2)

0.2 0.4 2.0 mg/kg

0 ~ 12

0.4 mg/kg

0.2 2.0 mg/kg

0.2 mg/kg 4

0 ~ 4 2.0 mg/

kg  0.2 0.4 2.0 

mg/kg

0.2 mg/kg 0.4 mg/kg

4

2.0 mg/kg 8

1.2 /m2

0.2 mg/kg

( )

(Minimal Diseases MD)

6

109

ISO 9001 2015 3 1

MD

180

MD 150 MD

104

3 MD

MD

(
)

A
B
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MD 4

18 42 3 2

3 7 ( 5  

2 0.5

) A ( 4  1.7

0.75 ) B ( 3  1.1

1 )

4 8 12 4 12

2

12 70% 30%

65% 1.45 0.35  

1.10 A

20

( C )

( P )

( P )

1

5

39.2% 41.8%

( C )

32.5%

34.2%

6 (55.0%

62.7%) P C

36.5 m/min 32.9 m/min P

P 10.9 C

10.6 2 10.3 10.0

P C 4 9.2

9.4 2 ~ 4 P

90.4% C 93.8% 4

P 85.5% C 89.2%

P 37.4 m/min C 29.7 m/

min P

2017 2019 12
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(temperature-humidity 

index, THI)

16.55

28.58 76.00% 83.28%

61.39 80.49

(1) (87.79%, 

87.56% vs. 84.36% P < 0.05)

THI

(P > 0.05)

(P < 0.05) (2)

95.02% THI

(P > 0.05)

(P < 0.05)

(3) (98.92% vs. 
98.18% P < 0.05)

(P > 0.05) (4)

(99.56% vs. 99.37%, 99.31%, 99.28% P < 

0.05) (P > 0.05)

 30 

15 1 ~ 15 5%

16 ~ 30

1 15 16 30  

1 ~ 15

11% 55% 1 45%

15 5%

16 ~ 30

26% 38% 16 62% 30

15 30 4 ~ 5

1 16

5%

 a, b (P < 0.05)
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(NCDR)

AR5 RCP85

2050

10%

7 ~ 10 kg/

day/cow 12 

~ 16 kg/day/cow

 

(Scutellaria baicalensis 
Georgi)

-6 (interleukin-6, IL-6)

(nitric oxide, NO) -  (tumor necrosis 

factor- , TNF- )

(lipopolysaccharide, 

LPS)

LPS IL-6 NO IL-6

81.6% NO 47.8% TNF-

1961 ~ 1990

23.56 100 (1910 ~ 2010)

0.15  0.02 /10

2011 ~ 2050 7
24

(NO)
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TLRI211

TLRI221

GC% 4,145,013 bp 46.2%

4,423 4,063,636 bp 43.7% 4,260

2

hemolysin BL non-

hemolytic enterotoxin (NHE) enterotoxin T cytotoxin 

T cereulide TLRI211

chitinase TLRI221

2

30 2 ~ 3

16 16S 

rRNA

13 Acinetobacter sp. 2 Achromobacter sp.

1 Pseudomonas bauzanensis 16

2

3 50%

7

90%

Est03

est03

est03 762 bp

253 28.8 kDa

Est03 est03

24
-6 (IL-6)

Est03
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pPAL7 (Escherichia coli 

BL21 (DE3)) IPTG

Est03

(C2) 35 

~ 50 45

12.15 unit/mg kcat/Km 1.58  10-3 s-1 M-1 Est03 

pH 6.5 pH 9.0 50% pH 8.0

Est03

Est03

Est03

 

 

 

1

2 2

67% 53%

33.646 kw 31

76

2

48 BOD COD SS

99.0 94.7 97.8%

3 BOD COD SS

97.9 90.6 97.5%

51.24 6  

170 43

 

109

( 6

8 ) THI ( ) CO2 (

) (Mean  SD) 27.3 

 4.7 83.6  15.6% 78.4  5.6 753  105 ppm

( 12 1 ) 17.8  5.2 81.1  15.8%
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63.0  7.7  857.5  158.4 ppm (n = 1,114) THI

78.4

753 ppm

33 CFU/mL  < 1 CFU/100 mL

20.2 pH 7.6 NH3 ( ) N.D. mg/L

(N) < 0.01% (P) < 

0.01% (K) 5,655 mg/kg (Cu) 23.9 mg/

kg (Zn) 106 mg/kg (Hg) 0.65 mg/kg

(OM) 12.5 mg/kg (PH) 6.01 (EC) 

127 mho/cm TSP (

) 41 g/m3 PM 10 PM 2.5

19 7 g/m3 (CO) N.D. ppm (O3) 

0.05 ppm (NMHC) 0.1 ppm

(CH4) 1.9 ppm

7.9

3

500

100

400

99.1% 98.8%

4,456

0.88 63.06% 99.98%

2.65
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30.3 kg LD

64

117.1 kg 3 

~ 4

(PLC)

10

500 L

50 80 110 kg

0.87 kg/d 2.52 

kg/d 0.35

50 80 110 kg

4,358 L/d

63.34% 24.72%

  

 

3.0 m 

1

384  288 -20 +150

 

14 1

392 38.2

38.1 38.4
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104F727

39.2

 

VMware

SQL server

2020 1 9 434 (n 

= 15) 852 (n = 53) 954 ( )

( 6 ~ 9 ) THI  

78.4 ( 12 ~ 2 ) 63.5  

34

39.2 38.2 r2 0.85 (P < 0.01)

( )

121

( )

60 61

103,329  

2 (05

00 16 00)

( 4% P < 0.01 ) (

6% P < 0.01 ) (

7% P < 0.01 ) ( 4%

P < 0.01 )

(n = 61)
(n = 60)
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( A ) ( B 

)

pH

 

1

A 7 52%

pH 5.44 8.34

57.73% 0.56%

465 mg/kg 485 mg/kg B

1 1  

2 23.35%

20% 1.43  

106 cfu/g 1.06  104 cfu/g

68.00% 0.25% A

(5-08)

B

24

(chemical fertilizer, CF)

(0.6 x wastewater + 

0.5 x chemicalfertilizer, WCF)

(1.2 x wastewater, W1.2)
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150 / /

4

28

14 14

60 kg 3.0 kg

-52 g NRC (2007)

( CF

WCF W1.2 )

3.5%

0.75

1.2

3 1 ~ 

5

8 ~ 10

11% 109

1.2 1.4 1.6

8 2 5

3

1.2

1.6

ADF NDF

3

( 1.2 1.4 1.6
)

3

1 5,000

RC (1,200 m3) 30 kW

109 113,638 kWh

569 174,828 

m3 2,023.9 2

150

(100 m3)

30 kW 109

22,353 kWh

23,939 m3 280

3 30,000 (15,099 

m3) 250 kW 7 12
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583,900 kWh 2,861

878,871 m3 10,174

100 L (TS)

10 12 14 16%

30 2.5 

L 75 L

TS

60% 13 50%

TS 40%

TS

TS 10%

884 / 158 /

pH

8

( )

24

0.47 0.96% 1.14 1.94%

100 L CH4
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11.9 50.0% 31.8 131%

(

10 cm ) 7

72.0 86.4% 80.0 69.2%

16.8 28.8%

( )

( ) 7

70%

( )

1 3

4 (C) T1

N-P-K 150-80-80 kg/ha 2

T2 20 ton/ha T3

320 kg N/ha

(T3)

pH

(T1)

(T2)

(

8 1 1 )

( )

pH (1 5) /

(Agriculture 

Fertilizer Standards, AFS)

( )

5-11

( 10 ~ 14 )

/

( 5 )

58.9% (

70.1% ) pH (4.97)

pH

 

(%)
pH

(1 5) (%) (%)
( / )

14. 7 6.44 4.0 81.5 9.9

58.9 6.61 3.5 73.3 10.9

5-11
40 5 ~ 9 0.6 ~ 5.0 50 10 ~ 20

 ( )

(%) (%) (ppm) (ppm)

2.9 2.4 173.4 18.3

1.6 0.9 344.9 57.2

5-11
0.3 ~ 6.0 0.3 ~ 4.0 800 100
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2020  

(22.6%)

45.9% ( )

( ) 73.4 6.0 20.6%

( )  92.5

7.6% 85 ~ 89 (57.3%)

39 12.15%

36 ~ 37 7 21 39

(P < 0.05)

(Bacillus) (Fictibacillus)

(Pseudomonas) (E. coli)

(Staphylococcus)

THI

64.7 84.1 (P < 0.05)

39.94 40.03

14.4 19.4

(P < 0.05)

G

(P < 0.05)
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A/G

(P < 0.05)

(P < 0.05)

( )

( )

(Temperature-humidity index, THI)

70 90

THI 69.32  

85.08 38.3

38.7 23.3 /  

31.7 / (P < 0.05)

38.5

25.2 / 29.6 /

(P < 0.05) THI

0.668 0.810

0.727

70

(P < 0.005)

360 5

A (

)

B (

)

3 40 5 12  

12 2,577.6  

477.4 g 2,529  490.2 g 2,534  466 g

A B 12

0.07 0.11 0.03 B

A

12

A B
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4

2

0% 2.5% 

5.0%  3 

(Thiobarbituric acid reactive substances, 

TBARS)  

5%

26.33% (27.60% 26.88%)

pH 5.59 ~ 5.67 6.07 ~ 

7.28% a ( )

5% 2

1 0% 5

5%

A. B. C.

A

B

C
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107 ~ 108 

5 (glycine)

(proline) (glutamic acid) (alanine)

(arginine)

3  2 

0.50 ~ 0.54 mg/kg

( )

5% /30 min 10% /15 min 10%

/30 min 5% 

/30 min

5

4

25 20%

1

20%

3

pH

5% /30 min

4

25

1.08 1.26%

(P < 0.05)

4

25 0.94 0.87% 5% 

/30 min 5.23

4.37 (P < 0.05)  

5% /30 min

2

14.8%

5

( 35 ~ 40 ) ( 55 ~ 60 )

( 60 ~ 65 ) ( 70 ~ 75 )

( 78 ~ 80 ) ( 80 ~ 85 )

(protease A)

( )

HPLC-UV  

lysophosphatidylcholine (LPC) sphingomyelin (SM)

phosphatidylcholine (PC)  phosphatidylethanolamine 

(PE) 791 946 4,786 157,887 

mg/kg 30  2 4  TBARS

A.
B. C.

A

B

C
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HPLC-UV

A B C

2 3 4

C

4

A B A

B A

( ) B

(

) A

B

(

)

3 6 1 ~ 7

1 3 7

------- -------

A* 4.55  0.06 4.84  0.00 5.07  0.11

B 4.47  0.08 4.75  0.08 5.09  0.03

C 4.49  0.06 4.73  0.06 4.88  0.07

D 4.54  0.01 5.08  0.05 5.13  0.04
* A 63 30 B 72 15 C 95  
1 D ( )
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6 3

2-  

(Alzheimer's disease, AD)

100

 1 

 HL1

Lactococcus lactis subsp.  APL 015

 HL1

Pm-1

10 Morris
HL1 Pm-1

(

) ( ) 4  

A ( ) B C D

( )

A 75.5%
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0.78 ~ 0.79 

 A 

3  

2

(FF) (CH)

CH 162.73 g FF 153.77 g

pH FF

0.51% CH 0.19% FF 

0.99% CH 1.06%

FF 79.69 kg 

 sec CH 69.88 kg  sec

(Three-point bending test)

5

37 10

(low temperature and long time, 

LTLT) (high temperature and short 

time, HTST) (ultra-high temperature, 

UHT) (saturated fatty acid, SFA)

(unsaturated fatty acid, UFA)

(monounsaturated fatty acid, MUFA)

(polyunsaturated fatty acid, PUFA)

(free fatty acid, FFA)

4 40

( ) LTLT ( ) HTST ( )
UHT ( )
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1 SFA(%) UFA 

(%) MUFA (%) PUFA (%) FFA (mmole/100 g fat)

PUFA/SFA UHT

FFA (P < 0.01) LTLT

UFA (P < 0.01) FFA (P < 0.01) HTST
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 1.

109 1 109 12

475 695 567 705

385 553 550 656

286 331 203 325

1,146 1,579 1,320 1,686

 2.

109 1 109 12

14 242 20 240

1 134 3 133

77 284 76 295

29 80 20 65

14 26 11 29

13 22 5 22

148 788 135 784

 3.

109 1 109 12

543 3,138 9 696 3,090 1,903

548 640 0 539 542 1,246

4 130 1,483 0 206 3,359

1,095 3,908 1,492 1,235 3,838 6,508

 4.

109 1 109 12

543 1,365 986 921 2,091 3,143

543 1,365 986 921 2,091 3,143
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 5.

109 1 109 12

414 628 665 394 779 445

414 628 665 394 779 445

 6.

109 1 109 12

13 110 50 124

161 240  143 286

0 0 0 0

53 62 25 28

26 60 28 74   

253 472 246 512

 7.

109 1 109 12

456 1,155 153 467 1,187 134

456 1,155 153    467 1,187 134

 8.

109 1 109 12

6 5 6 4

0 4 0 4

6 9 6 8

 9.

109 1 109 12

53 52 55 54

53 52 55 54
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 1.

1,861 878

2,004 74

684 296

20

4,569 1,248

 2.

43

5

46 15

5 3

16 4

54 47

47 31

9

15 17

21

8

240 146

 3.

15,250 13,550

2,997 2,265

3,138 1,731

4,100

25,485 17,546
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 4.

682

3,439 1,515

3,509 2,727

661 180

618 212

2,595 2,295

80 80

11,584 7,009

 5.

3,388 2,930

157 36

3,545 2,966

 6.

121

38 5

56 21

8 2

42 6

4

24 1

37

24

2 3

4 7

3

5

299 114
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 7.

10,254 8,899

1,526 1,162

29 10

11,809 10,071

 8.

4

5

9

 9.

95 71

95 71
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( )

 

17 1

8 12 9

16

25

31

E 38

46

56

64

73

82

91

/  99

 107

 116

 126

 134

 141

 149
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 159

 169

 176

 187

 195

 205

 213

 222

 229

 237

 244

 253

 266

ISSR 294

303

( )

Analytical Detection of Sulfonamides and 
Organophosphorus Insecticide Residues in Fish 
in Taiwan

Chang, C. P., P. H. Hou, W. C. 
Yang, C. F. Wu, C. C. Chang, 
M. Y. Tsai, H. P. Tsai , C. T. 
Lin, Y. J. Xue, J. H. Wang, 
and G. R. Chang

Molecules 25, 1501-1524. 
(SCI)

Liao Y. J., P. C. Tang,  L. R. 
Chen, J. R. Yang

Journal of Histotechnology 
10: 1-6

to develop a rapid and sensitive diagnostic tool 
Lin, J. H., C. M. Lo, S. H. 
Chuang, C. H. Chiang, S. D. 
Wang, T. Y. Lin, J. W. Liao 
and D. Z. Hung

PLoS Negl. Trop. Dis. 14(9): 
e0008701. (SCI, IF = 3.885)



86

Colistin and tylosin enhances disaccharidase 
activities, and improves morphology and 
permea ility of the intestine of roilers

Hung, C. C., C. Y. Chen and 
B. J. Chen

Br. Poult. Sci. 61(4): 465-470

Determination of early pregnancy in swamp 

cytology

Inyawilert W, Y. J. Liao, 
P. C. Tang, K. Junsong, V. 
Paungsukpai ool

Bu alo Bulletin 39: 237-245

Development of a high-resolution single-
nucleotide polymorphism strain-typing assay 

Huang, C. H., C. C. Chen, S. 
H. Chiu, J. S. Liou, Y. C. Lin, 
J. S. Lin, L. Huang and K. 
Watana e

Microorganisms. 8: 1-22

during the growth period of White Roman 
geese

Lin, M. J., S. C. Chang, T. J. 
Chen, W. C. Lin, S. Y. Peng 
and T. T. Lee

Asian-Australas. J. Anim. Sci. 
33(9): 1455-1462

Evaluation of agronomic performance and 
exploratory genome-wide association study of 
a diverse oat panel for forage use in Taiwan

Huang, C. W., W. H. Liang, K. 
Esvelt Klos, C. S. Chen (

), Y. F. Huang

Grassl. Sci. 66 (3): 249-260

Evaluation of waste mushroom compost as Chuang ,W. Y., C. L. Liu, C. F. 
Tsai, W. C. Lin, S. C. Chang, 
H. D. Shih, Y. M. Shy and T. 
T. Lee

Animals. 10: 445-461

Evaluation of mushroom waste compost on Chuang, W. Y., H. D. Shih, Y. 
M. Shy, S. C. Chang and T. T. 
Lee

Italian J. Animal Sci. 19(1): 
940-950

meal on laying performance and egg quality of 
Leghorn layers

Fan, G. J., B. L. Shih, H. C. 
Lin, T. T. Lee, C. F. Lee and Y. 
F. Lin

Anim Biosci. 34(3): 449-456

Huang, C. H., C. C. Chen, J. 
S. Liou, A. Y. Lee, J. Blom, 
Y. C. Lin, L. Huang and K. 
Watana e

Int. J. Syst. Evol. Micro iol. 
003969

production traits to tropical climate conditions 
in chickens

Lien, C. Y., M. Tixier-
Boichard, S. W. Wu and C. F. 
Chen

Livestock Science 234: 
103980. (SCI, IF = 1.440)

Lin, Y. C., Y. T. Chen, K. Y. 
Lee and M. J. Chen

Front. Micro iol.11: 1454

Ou, H. W., M. L, Fang, M. S. 
Chou, H. Y. Chang and T. F. 
Shiao

J. Air Waste Manage. Assoc. 
70(6): 641-648

Novel Low-Voltage Electro-Ejaculation 
Approach for Sperm Collection from Zoo 

sumatranus)

Chen, Y. H., J. F. Yu, Y. J. 
Chang, S. C. Chin, L. C. 
Wang, H. L. Lin and P. S. 
Tsai

Animals 10, 1825; 
DOI:10.3390/
ani10101825(SCI)

Prevotella hominis sp. Nov., isolated from 
human faeces

Liou, J. S., C. H. Huang, N. 
Ikeyama, A. Y. Lee, I. C. 
Chen, J. Blom, C. C. Chen, 
C. H. Chen,  Y. C. Lin, S. 
Y. Hsieh, L. Huang, M. 
Ohkuma, K. Watana e and M. 
Sakamoto

Int. J. Syst. Evol. Micro iol. 
70: 4767-4773
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Prevotella hominis sp. nov., isolated from 
human faeces

Liou, J. S., C. H. Huang, N. 
Ikeyama, I. C. Chen, J. Blom, 
C. C. Chen, C. H. Chen, Y. C. 
Lin, S. Y. Hsieh, L. Huang, 
M. Ohkuma, K. Watana e, M. 
Sakamoto

Int J Syst Evol Micro iol. 70: 
4767-4773

Wastewater

Ou, H. W., M. S. Chou and H. 
Y. Chang

Aerosol Air ual. Res. 20: 
643-653

sperm quality in cockerel semen
Lin, H. L., Y. H. Chen, D. Y. 
Lin, Y. Y. Lai, M. C. Wu and 
L. R. Chen

British Poultry Science 61: 
86-91

Chen, Y. H., C. P. Wu, H. L. 
Lin, R. B. Liaw, Y. Y. Lai, M. 
C. Wu, L. R. Chen and P. S. 
Tsai

Animals, 10,2293,
DOI:10.3390/
ani10122293(SCI)

hemiphyllum var. chinense on arsenic 
Hung, C. C., B. J. Chen, J. W. 
Liao, Y. P. Tai and C. Y. Chen

Food Chem.16; 342: 128346

49 61-72
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28-44

21(1) 55-67
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164

40(2) 99-112

SSR 41
41-54
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( )

Application of y-products from agriculture 
and food-processing as the feed resources for 
ruminant

Fan, G. J., C. T. Chang, T. F. 
Shiao and C. F. Lee

The Practice and Bene ts of 
Circular Agricultrue in Waste 
Reducing and Revcling

Selecting the protease-producing and ammonia 
emission-reducing  Bacillus  pro iotics  in vitro

2020
32

The reuse of residual materials in animal 
hus andry

Hsiao, T. H. ( ) The reuse of residual 
materials in animal hus andry. 
2020 The 4th International 
Conference on Integrated 
and Innovative Solutions for 
Circular Economy. (2020

)  pp. 
4-7. Septem er 8-9. Taipei, 
Taiwan

The pilot study of feeder-free culture system 
for porcine induced pluripotent stem cells

Liao Y. J., L. R. Chen, J. R. 
Yang

2020 International Conference 
on Stem Cell and Gene 
Therapy Taipei. Taiwan. P. 52.
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(
)
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Dr. Nguyen Hong Son
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Dr. Hayden 
Montgomery
Dr. Hak-Kyun Jeong

Dr. Yessie Widya Sari

Circular Agriculture in NL
Application of By-Products from Agriculture and Food-
Processing as the Feed Resources for Ruminant
The Challenges in Repurposing Food Waste and Other 
Residuals for Agriculture
Triple Dividends from Linking Food Loss and Waste 
Reduction with Circular Agriculture: An APEC Perspective
The Current Status Of Agricultural Wastes & Residuals 
Management and Recycling In Vietnam
Eco-feed in Japan

and Land and to Better Incomes for Agriculture
Technology Development of Circular Agriculture in Taiwan
Food Loss and Waste Reduction as a Part of a Circular 
Economy: a Case of Cassava in Thailand

more from less

system
Green mine digging practice of recycling and reuse of oyster 
shell

Circular Agriculture Implementation in Taiwan
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