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2019 12 2 108
73

 

5,000

107 5
6,999 121

6,878 108 5 199 2,819 
( ) 41%

3.09%  1,000 1,577
( 22.93% ) 70.34%

70% 5



2

1.92% 22.87%
5,000

6
5,000 7

73.3 ~ 85.5% 8.56 ~ 11.78
83.01 ~ 90.88% 84.15 ~ 

89.37% 77.23 ~ 87.12%

 

201807 201809 201810 201811
201901 201903 201904 201905

3 546
20

17
5,000

(n = 358) (n = 142) (n 
= 46)

3.45  1.12 3.93  1.15

3.05  1.27 / 47.2  
19.6 54.7  22.27 51.05  22.04%

( 69% )  

( / )
(%) (%)

(n = 358)
  3.45  1.12 47.2  19.6

16.5
(59/358)

0.65 6.28
6.66 98.71

(n = 142)
  3.93  1.15 54.7  22.27

25.4
(36/142)

1.2 5.91
6.78 94.48

(n = 46)
  3.05  1.27 51.05  22.04

23.9
(11/46)

0.66 4.49
5.86 90.76

98.71%

94.48%

90.76%

201507 201905
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16.5% (59/358) 25.4% (36/142) 23.9% (11/46)
201507 201905 32

(> 69%) 2.08  0.04 (  
69%) 2.08  0.05

(D)
(K) (DK1 )

5
HH6 (HHaadd)

( 25% 75%)
DK4 DK5

DK5 (
) 94% DK4 10.3

9.1 90.6 % DK5
1.41 4.25 

kg DK5 70 20.7 kg
22.4 kg 180

108.2 kg 2.09 cm 121.8 cm 33.5 
cm 32.3 cm 91.5 kg 2.04 cm 116.9 cm 30.7 
cm 30.0 cm DK5

MM HL4
100% 62.5% 88% MM

26
(LY YL)

4 8 12 16

4  

4 4.86  1.46 
cm 3.36  0.71 cm 17.2  10.1 cm2

6.89  2.82 cm 4.05  
0.57 cm 28.6  11.9 cm2 4

6.85  1.74 cm 4.05  0.47 
cm 28.2  9.76 cm2

4 4
( 33.6  vs. 33.1 )

30

109
646

269 128
(PCR/RT-PCR) (classical swine 

fever) (pseudorabies)
(porcine reproductive and respiratory syndrome)
2 (porcine circovirus type 2)

(Japanese 
encephalitis)
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128
PRRS PRgE

PRRS PR

12

5 7
AAALAC, 

International

108
(porcine calcium release channel, 

CRC) (estrogen receptor, ESR)
CRC AA

100% ESR MM (
) MN ( ) NN ( )

ESR  36.1% 59.0% 4.9% 8.3%
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58.3% 33.3% 0.0% 25.0% 75.0% 14.3%
57.1% 28.6% M

118
( 90 5 3
20 ) 643

269 ( 245
6 1 17 )

( 5 60
) 61 3 20

GeneSeek Prime 50K SNP

31 1,688

9 86 30 59 0 0  
0.53% 5.1% 1.77%

3.49% 0% 0%

(Limousin, LM) (Charolais, 
CH) (Gelbvieh, GV) (Angus, 
AN) (Wagyu, WA)
(Taiwan Yellow, TY) -LM  TY CH  TY GV  

TY AN  TY WA  TY ( )
69

 LM  TY 29.0  3 kg 
TY 22.3  3.3 kg 3

(ADG) GV  TY ADG  
0.55  0.07 kg TY 0.41  0.06 kg

3
3

108 633
13 340

101 108
7.8% 76

30

(endangered-maintained)

60 K

(neighbor joining)
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100 75 50 25%

(Genomic DNA resequen-
cing)

3

22,027
(variant) 17

0.64 0.83 0.90
32.5 kg

39.2 kg (P < 0.0001)

(Means  SD) 
(n = 124)

(Mucopolysaccharidosis) MPS  

MPS IIID (
D )

(Nubian) GNS (N-acetylglucosamine-
6-sulphatase G6S)

G6S cDNA 322
(C T)

KASP
KASP

5’ FAM/HEX-labelled
PCR 3’

5’ Real-
time PCR (ABI StepOne)

KASP
FAM

FAM/HEX
HEX KASP

KASP
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GNS

(Calpastatin)
(Calpain)

(CAST)
7 exon 1C

exon 1D 620 bp
PCR-RFLP  

CAST
100% MM

190 bp
362 bp 397 bp 475 bp

CAST

GG GA AA G A

37 190 81.1% 16.2% 2.7% 0.892 0.108 

22 190 100.0% 0.0% 0.0% 1.000 0.000 

22 190 36.4% 54.5% 9.1% 0.636 0.364 

GG GA AA G A

37 326 73.0% 24.3% 2.7% 0.851 0.149 

22 326 100.0% 0.0% 0.0% 1.000 0.000 

22 326 100.0% 0.0% 0.0% 1.000 0.000 

GG GA AA G A

37 397 81.1% 16.2% 2.7% 0.892 0.108 

22 397 100.0% 0.0% 0.0% 1.000 0.000 

22 397 36.4% 54.5% 9.1% 0.636 0.364 

GG GA AA G A

37 475 81.1% 16.2% 2.7% 0.892 0.108 

22 475 100.0% 0.0% 0.0% 1.000 0.000 

22 475 36.4% 54.5% 9.1% 0.636 0.364 

(Polymerase Chain Reaction, 
PCR)

Y
(Sex-Determining Region of Y-Chromosome, SRY)

(Amelogenin, AML)

SRY AML

SRY PCR

AML PCR

108 250
2.60  0.30 kg

(kidding rate) 178% (25/14) 3
20.8  3.3 kg 17.3  2.6 kg

145% (29/20) 6
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28.7  5.2 kg 24.4  3.9 kg

(Leptin, LEP)

LEP

(
) 9
LEP LEP

1 g.117C > T
NmuCI TT

(218 194 bp) NmuCI
CC (412 bp) TC

(412 218 194 bp) LEP
TT TC CC 0.16 0.51

0.33 T C 0.42 0.59
TT TC 0.94 0.06

T C 0.97 0.03
TT  1.00 T 1.00

TT TC 0.96 0.04
T C 0.98 0.02 LEP 

LEP 9
TC CC

6 TT
TC CC

5’

(MSTN)
PCR-RFLP 205

MSTN 5’ 1256 ~ 1260
(TTTTA/ )

(BL) (WH) (CG)
6 WH

(BL WH CG)

9

(AB) (AA)
(BL WH CG) (BB)

BL WH
CG

J

 

(avian leucosis, AL)
(avian leucosis virus, ALV) J
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(subgroup J ALV ALV-J) 1989

J
(2019)

J  EDTA-K3
2
PCR (primer H5/H7)  

J  4 
263 L7 202 L9 212 L11
191 L12 868

 
J 

J

16 16

30 40
40 40

292 227
16 1,427 990 g 16

0.83% 16

89.1 97.1 97.2 82.9 96.6 100 95.2 98.6%
165

30.6 g 1,351 g 40 1,625 

g 40 43.4 g 40 70 30
L 75.5 a -5.89 b 14.0

108

30

30
79 28 2

( 2 ) 30

0.4  0.2 
mL 4.3  0.6  109/mL 62.1  17.8% 25.7  17.4%

64.4  12.9%

3  109/mL 70%
30% 60% 3  109/
mL 100% 70% 37%
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30% 39% 60%
71%

5%

( F ) 9 ( TR9
) ( F9 )

TR9
0 ~ 4 9 ~ 12 F9

5 ~ 8 F

42 1 TR9
166.67% (P = 0.015) F9

76.32% F

41.07% (P = 0.015)
CK F9 CK

37.0% TR9 CK
11.9% F CK 81.1%

T3 TR9 T3
39.2% F9 T3

35.6% F T3 16.0%
9

( F9 ) TR9
0 ~ 4 9 ~ 12

F9
42 1

8 (G0 )
2 6 15 

0 8 16 20 22
G0

40
G0 (

) 54.6% 75.2% G0
20 0 ~ 20

37.7 g 3,125 g 22.05 
g 77.48 g 3.51 G0 20

0 ~ 20
37.79  3 g vs. 37.54  3 g  

F TR9

F9
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3,658.3  372 g vs. 2,656.1  273 g 25.9  3 g vs. 18.7 
 2 g 85.4  6.5 g vs. 70.57  8.25 g 3.35 vs. 3.96

45
3,126.3 g 173 41.1 g

45
82  12.9 50  2.6 g 58  9.2%

9 12

12   9
G0

G1 89.3% 76.8%
20

30.2 g
2,252.4 g 15.9 g 70.8 g 4.5

45
113 59.9% 40.8 g

33 a 52
-a

100%

SNP 78,100

480 ( 15
214 16 196 70 )

15,029
474 R

(EBV)
(genomic EBV, GEBV) a

GEBV
GEBV

0.94 EBV GEBV
a

a
(P) (EBV)

(GEBV) (rP rEBV rGEBV)
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38.2 38.1 g
1 50 g

19 1,735 g

1 90.6%
98% 70

77%
1 4 g

22 102 g 70
150 g 160 g

7
68% 4  

70

29 32 35 10 15
0.05 mL 2

14 7 1

7 13
(F)

(Dm) (De) 5.59  2.35
6.99  2.55 5.84  2.46 (Mean  SD)

15 2
6 89.35% 107

7.9% 11 13 
F Dm

De 6
57.14% 77.34% 61.47% G12

0.72% 4.95% 30.36% BLUP
13

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 -0.05 -0.04  
0.13 0.14 0.25 0.69 1.04 1.42 1.79 2.13  
2.57 2.90 3.24

L201 G13 2
15

10 ~ 11

L201 11
G10 G11

(F)
29 32 35

14 7
F BLUP F

(FEBV) G11 F 5.13  1.78
FEBV 2.57  0.45 (n = 363 ) FEBV

2.86  0.16 (n = 20) G10
+0.28 FEBV 3.02  0.19 (n = 62)
G10 +0.45 FEBV 2.98 

 0.35 (n = 82) G10 +0.41 G11
G10 F



13

11

11
(F) (FEBV)

29 32 35

14 7 F
(BLUP) FEBV

FEBV F (1 ~ 8 ) y = 
0.0088x2 + 0.072x + 2.1731 (y FEBV x F)

(R2) = 0.97 F FEBV 0.55 (P 
< 0.01) G11 (n = 60) F ( ) 5

87.5% FEBV = 2.97  0.31
FEBV F

(FEBV)
11 G11

(F%) G11
29 32 35 10 15

14
7 (F) F%

F 5.13  1.78 F%
39.05  13.2 % 2 15 F%

 y = 0.1716x3 3.6555x2 + 12.755x + 72.078 (y F  
x ) (R2) 0.98

F% F% 2 ~ 6 81.5%
74% 7 ~ 10 58.3%

8.3% (P < 0.05) 14 ~ 15

11

11 G11
(F) G1

G11 G1 G2
(FX) G3 1.9  0.1% G11

10.7  2.7%  y = 0.0113x 0.0217 (y
FX x ) (R2 = 0.97)
FX

25.2% G11 FX

6.4% 19.8% FX F (r = -0.09 
 0.20) F

FX

(BLUP)
11 L201

(FEBV)
(F)

F G1 4.05 G11 5.13  y = 
-0.0088x3 + 0.1494x2 0.4975x + 4.2515
(y F x ) (R2) = 0.81 FEBV G1

-0.05 G11 2.57 y = 0.0239x2 

0.0131x 0.1055 (y FEBV x )
(R2) = 0.99 (FEBV/F) G1 -1.33

G11 50.11% F
FEBV F

19
73 12 68

20.5
24.1 43.8% 58.1% 70.2% 78.9%

(P 
< 0.05)
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12 15

(

) (  

)
12

(Na) 2.0
(Ne) 1.5

Ans21 12 HO (
) 0.750

0.063 12 HE (
) 0.655 0.059
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(endothelial cells, ECs) (perivascular 
cells, PCs) (vascularization)

(porcine induced pluripotent stem cells, piPSCs)
ECs piPSCs CHIR99021

2 4 (bone morpho-
genetic protein 4, BMP4) (vascular 
endothelial growth factor, VEGF)

(basic broblast growth factor, bFGF)
2

VEGF 4 ECs

CD31
VE-cadherin vWF

piPSCs

(miRNA)

miRNA stage X RNA
PCR

(Library Construction) adapter
(Next Generation Sequencing, NGS)

RNA
dNTP

FASTQ  
miRBase chicken genome

miRNA miRNA
15 ~ 28 nt miRNA

5  104 4.2  106 reads 23 bp miRNA
22.3 bp miRNA

5  104 2.9  106 reads 22 bp 
miRNA 21.8 bp

miRNA 683 101
miRNA miRNA 664

82 miRNA 582 miRNA

23 miRNA
21 miRNA

qPCR miRNA

8  104

piPSCs ( )
( )

Matrigel® 4 6  

miRNA

Sample Male Female

Total reads 11,696,405 11,338,419

Quali ed reads 11,492,245 11,128,807

Mapped reads 4,350,798 3,094,975

Identi ed miRNA numbers 683 664
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miRNA mRNA

(chicken induced pluripotent stem cells, 
ciPSC) ciPSC

(lentivirus)
(GFP) ciPSC 24 ~ 36

GFP 
(ciPSC/GFP+) 35 ( 260 )

Oct-4 AP
(embryoid 

body) ciPSC/GFP+

(nonobese diabetic/
severe combined immunode ciency, NOD-SCID)  

(teratoma)  
ciPSC/GFP+ 3.5 (X-stage)

6 3%

ciPS/GFP+

ciPSC/GFP+ 
A B

5 ~ 7

( 10 )

( 30 
~ 32 )

7 ( )

(  SD ) (  SD )

(%) 92.71  11.6 91.13  14.4

(g) 371.44  121.7 429  122.7

(g) 65.08  11.8 62  1

5.42  2.1 6.5  2

(g) 5,324.1  1,779 6,325.1  1,767

(g) 1,029.9  186 962.9  210

(%) 91.94  13.7 91.82  10.5

(ovum pick up, OPU)

OPU
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5 30.0% 35.0%
BHBA

( 3 ~ 5 )

66.3% 20% 31.1%
21 ~ 40% 1.6%

41 ~ 50% 1% 51%

(energy-
corrected milk, ECM) /

( 1 ~ 35 )
BHBA

(pregnancy-associated glycoprotein, PAG)

(transrectal ultrasonography, TRUS)
(Bayesian latent class 

model) 370
28 ~ 35 TRUS

PAG

9
215

44.2% 26

60%

33
39.4% 5

(Fourier transform 
infrared, FTIR) ( -hydroxybutyrate, 
BHBA) 2015 2017 192

1 ~ 35 39,026
 

BHBA  84  mol/L BHBA < 84 
 mol/L

20.3% (
24.1% 16.8% 21.4%)

3
(46%) 4 ~ 
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hCG 24
hCG 32

hCG
55

GHR
12 PMSG HCG

112 68
4

88 45
4 GHR 5

1 4 GHR
562.75 g

20.45 cm

4 GHR

(Enzyme-linked immunosorbent assay, ELISA)  
307

PAG ( 95% )
97.4% (91.2, 99.8) 99.4% (93.5, 100.0)

PAG ( 95% )
99.0% (94.7, 100.0) 84.5% (71.9, 93.3)

28 ~ 35 TRUS 92.7% 
~ 99.8% 80.5% ~ 97.6%

ELISA PAG
TRUS

(Dairy Herd 
Improvement, DHI)

(pregnancy-associated glycoprotein, PAG)

(growth hormone 
receptor, GHR)

6

(Regument®, Intervet)

12 24
(pregnant mare’s serum gonadotropin, PMSG)  

PMSG 78
(human chorionic gonadotropin, hCG)

2

(g) (cm)
2 2

388 1,025 18 20
635 1,875 21 24
681 1,920 22.5 26
627 1,850 21 24
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0.6 g/L alginate
0.1 mg/mL B12 1 mM glycolic acid 0.1 g/L 

-ketoglutarate 

(minimal 
diseases, MD) 1 3
5 MD

30

6

97%

(alginate)
B12 (glycolic acid) - ( -keto-

glutarate)
1 2

Lactose-egg 
yolk (LEY)

5  108 cells /mL 0.6 g/L alginate
0.1 mg/mL B12 1 mM glycolic acid 0.1 g/L 

-ketoglutarate 

 1 mM glycolic acid
2 6

(P < 0.05) 0.6 g/L alginate 0.1 g/L -ketoglutarate
1 mM glycolic acid

0.6 g/L 
alginate 0.1 g/L -ketoglutarate 0.6 
g/L alginate 0.1 g/L -ketoglutarate

1 mM glycolic acid
(P < 0.05)

 0.6 g/L alginate 0.1 mg/mL B12 1 mM 
glycolic acid 0.1 g/L -ketoglutarate

2 4
VAP VSL VCL

ALH BCF STR LIN

ISO 9001 2015
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(Oct3/4, Sox2, Klf4, c-Myc)

20 MD
ISO 9001 2015

MD MD
362 345

tissue culture media 199 (TCM199)
EGF (epidermal growth 

factor) FCS (fetal calf serum)
MIX (mixture)

(germinal vesicle, GV) (metaphase II, MII)

EGF
GV MII

MIX
EGF FCS

MIX EGF FSC

FSC

MIX
EGF FCS

EGF

( THI )

(oxytocin, OT)
(prostaglandin, PG) 4

6
28 28.3

OT PG

2 /
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(107)

(2007)

5 4

46 5
10.87%

2 3

(Electroejaculator; EJ6CCGS, CGS 
Products PtyLtd Manufactured in Australia)

50 mL
7

1.5  0.65 mL 18.5 
 9.96  108 /mL 4.4  0.73

77.9  5.47% 11.4  1.68%
26.9  2.01 cm

2.3 mL
0.7 mL 34.3  108 /

mL 8.5  108 /mL
7

6



22

(0, 12 24 )
(P = 0.735)

(Brix) 18
17 14 19%

(P < 0.05)
36.5 kg

33.3
33.7 40.9 38.2 kg

(P = 0.578) 0 ~ 5

(P < 0.05) -

0
37 kg 5 69 kg
(P < 0.05)

-
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( )

80 (87.5  3.69 15.86  
1.92 kg) 4

5 12
80% 10%

10%
1% 2% 3%

0.68 0.66 0.63
0.63 kg 2%

(P < 0.05) 160 142 136 140 g

1 ~ 3%

16 50%
50% 10

PCR 4 ~ 5
(Nos-T EPSPS-CP4 FMV 35S-P Pat

CaMV 35S-P)

GOT GPT

15 2.2 kg
3 2 28

( 9.7% )

7.5% 9.7%

0 7.5% 9.7%
2.41 2.22 2.34 kg 2.32 2.29

2.48 kg 3.97 4.13 4.11%
3.21 3.09 3.18%

10%
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108

30

179 g/kg ( )
arsenobetaine (AsB) dimethlarsinic acid (DMA)

arsenite (AsIII) 100% AsB

92.72% ( 1.28 
~ 670.68 g/kg ) DMA AsIII

92.22% 176.38 g/kg
(AsIII arsenate (AsV)) 3.19 g/

kg 1.78%
6 ~ 15 (60 

g) 6 15
0.001 0.003 g/kg/

(JECFA)
0.5% (Benchmark Dose Lower 
Con dence Limit BMDL0.5)  3.0 

2% 5% ( 4.79 ppm )

5% 0 ~ 5
(P < 0.05)

5% (Lactic 
dehydrogenase, LDH) (GPT)

(GOT) (Alkaline 
phosphatase) (globulin)

5%
(Creatinine) (P < 

0.05) (BUN)
2% 5%

2% 5%
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(CNS)
60% 50 ~ 60% 46 

~ 50% 93
60% 5 13

7 49.62%
56.07% 56.98% 65%

5 3 20
2 7 7

68.90% 68.68% 67.45%
67.01% 65.55% 65.32%

91.47 ~ 96.29% (CNS)
12%

12 ~ 15% 12%
3 3 2

9.38 ~ 16.05% 8.05% ~ 16.67%
6.87% ~ 19.99%

24.86% ~ 65.42%
34.43% ~ 59.42%
6.52% ~ 14.08%

210 12
24
1 30 ME 2,750 kcal/kg

20 3
60 ME 2,750 2,900

3,050 kcal/kg ( 7 ~ 10 )
12

(P < 0.05)

3,050 kcal/kg
ME 3,050 

kcal/kg
(ME 2,900 3,050 kcal/kg) (P

0.05) (P < 0.05)
ME 2,900 3,050 kcal/kg

(P 0.05)
2,750 kcal/kg

LPS
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6% 5%

4.5 kg

32
4

0.577 

( )

4 ~ 8

6
8

2,103 ~ 2,234 g 3%
2,234 g 6%

2,103 g (P < 0.05)
3 ~ 8 1,497 ~ 1,610 

g 3%
1,610 g 6%

1,497 g (P < 0.05)
9%

5 ~ 12

(RRS)

21 3
RRS 0 ( ) RRS 3.5 RRS 4.5 kg 

( ) TMR 25
3 21.09

21.07 21.6 kg 25.9 26.6
27.0 kg 1.23
1.26 1.25 3

RRS 3.5 RRS 4.5
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kg/day 0.575 kg/day 0.262 
kg/day/piglet 0.249 kg/day/piglet

0.454
0.428 (P = 0.10)

(innate immunity)

A B C D3 E

5
32

0.75 mg/kg E 55 IU/kg
E

(P = 0.10)
(P < 0.05)

75 kg 90 kg
12

( ) ( 10%
8% 2,676 kcal/kg ) ( ) (

14.4% 3% 3,180 kcal/kg ) 
130 kg

(
130 kg ) 21

255 /

NPPC

(P < 0.05)
(P < 0.05)
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2% 4%
(

30 ~ 60 kg 60 ~ 110 kg )

30 kg 60 kg LD 24 ( )

16% 3,250 kcal/kg
14% 3,250 kcal/kg 60 kg 

110 kg 2 4%

3
2%  

4%

( ) ( )
16% 12%

14% 10%
(P < 0.05)

2 4%

336 1

(
)

4 LD 30 ED
10 5

0.5%
8

4 LD 48
6 0.5%

1.0%
6

(Interleukin, IL)

0.5%
IL-1 6 10

12
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1 1
(1mg/kg/Feed)

(1 ~ 3 tylosin 50 ppm)

108 CFU/kg
1010 CFU/kg/Feed 4 5

– (P < 
0.05) IgG IL-6

16 8 ~ 16

2% 0 16
(P < 0.05) 1% 1%

12 16 (ND)
(IBD) 12

2% (IB)
(P < 0.05) 16

1% 1%
Ig A IL-1 2%

1%
1% 2%

(P < 0.05)
1% 1%

3
(  

) 3% 6%
9%

3 20
240 3 ~ 8 16%

3,000 kcal/kg
3 5 8

8 1
8

2,103 ~ 2,234 g 3%

3% 8
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2,234 g 6%
2,103 g (P < 0.05)

3 – 8 1,497 ~ 1,610 g
3% 1,610 g

6% 1,497 g
(P < 0.05) 3 ~ 8
150 ~ 157 g
3 ~ 8 3.29 ~ 3.67

3%
3.29 (P 

> 0.05) 8 12.4 ~ 12.9 
cm 8

257 ~ 288 g

3%

0 ~ 4 CP ME
19.5% 2,900 kcal/kg 4 ~ 8

CP ME 13.5%
2,650 kcal/kg 9

17
21 22

6 12 (C)
1% (F-1) 3% (F-3) 1%

(FCE-1) 3% (FCE-3)
120 ppm (FP)

19% 2,750 kcal/kg

22 
~ 41 3,231 3,235 3,577
3,201 3,394 3,459 g 22 ~ 41

97  30 91  25 107  19 104 
 16 107  37 120  15 / FP

FCE-3 F-3
27 30 33 36 54.1 ~ 58.0

53.4 ~ 58.5 51.9 ~ 59.1 56.6 ~ 63.5 g FP

FCE-3

( )



31

32.2%

30 21
21

NRC (2001)
( ) 1 (

) 2 (
)

305-2X-ME 1
2 7,278.7 kg 7,724.2 kg 7,673.7 

kg (P = 0.83)
1 2  

3.6% 3.7% 3.6% (P = 0.26)
1  2 3.2% 3.3%

3.3% (P = 0.88)

1

E
27

21 21
NRC (2001)  

( n = 10 )
1 (  1,500 IU E 0.3 ppm

n = 8 ) 2 ( 12.5 ppm 
5 ppm 7.5 ppm n = 9 )

1 2
20% 0% 11% 150

20% 37.5% 22.2%  

E

 

(Lyciumchinense Miller, LCM)
60

3 3
5 0% 5% 10%

15% LCM
LCM
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8 12
(creatinine, CREA)

(glutamic oxalocetic transaminase, GOT)
(glutamic-pyruvic transaminase, GPT)

(cholesterol, CHOL) (triglyceride, TG)  
60

3
0% 1% 3% 5% LCM

3 5 3 12
LCM

CREA
GOT GPT TG CHOL

15%
5%

( )

 

(
)

320 1
4 (N0) 3

1.5% (N15) 3.0% (N30)
4.5% (N45) 4 20 5

1
3 N45 (N0

N15 N30 N45 43.70 g 44.09 g 42.95 
g 39.64 g) (N0
N15 N30 N45 0.62 0.60 0.61 0.55)
(P < 0.05) 5 N30 (141.5 g) N45

(145.3 g) (128.63 g) (P 
< 0.05) 5 (16.25%)

(N15 N30 N45
0% 3.75% 7.50%) N15

(P < 0.05) N15 (187.83 
mg/dl) (N0 N30
N45 225.17 mg/dl 250.67 mg/dl 235.83 mg/
dl) (P < 0.05)

N45 (9.22) b
(N0 N15 N30 7.20 7.74 7.53)

N30 (3.65) N0 
(4.65) N15 (4.83)

1

60 LYD
8.04  1.09 kg 6

5% ( ) 5%
5% 5%  + 0.1%

5%  + 0.1% 5%
 + 0.2% 6
2 35

5% + 0.1% 5%
+ 0.2% 0 ~ 1

N15                N30                 N45                 N0
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48 LD
1

( CP 17%, ME 3,200 kcal/
kg ) 2 0.15%

3 0.3% 4 (
) 4 2 kg
12 ( 43 kg 100 kg  

)
8.8 ~ 16%

8 ~ 13.7%
248 ~ 440

(Citrus depressa Hayata)
48 5 LYD

1 (
CP 18%, ME 3,200 kcal/kg) 2

5% 5%
+ 0.1% 5% + 0.1% 0.2%

5%
5% + 0.1% 5% + 0.1%  
0.2% 0 ~ 5

5% 5% + 
0.1% 0.2% A

5%

5%
0.2%

(
)

LYD

LD

(Citrus depressa Hayata)
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0.2% 3
0.4%

( ) ( ) 4
( ) 4 6

0.2%
7.5% (0.57 vs. 0.53 kg/d)

4.3% (1.10 vs. 1.15 kg/d) (G/F)
13% (0.52 vs. 0.46)

(SCS)

(SPA)
6 10 30.6  1.9 

kg 3 SCS
SPA 14 7

(SPA)
(635 g/d)

SCS SPA
77.5%  3.0% 67.2  2.1% 74.4  3.0%

 

6.2 kg
32 2  2

(P < 0.05)
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(P < 0.05)
6

(P < 0.05)

(P < 0.05)
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8 (TS 1 ~ 8)

 

1120 2015 TS 2 TS 3 TS 8

4

1120 2015 TS 7 TS 8
3,000 kg/ha 600 

kg/ha 150 kg/ha 300 kg/ha
TS 3 TS 5

122 8.2%

2102 2112 2201 2213
2112 2213 106

110

(Acroceras macrum Stapf)
(2n = 36) (2n = 45)

(2n = 54)

2
(25%)

(9%) 4
0.05% 32%

25%
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DNA

DNA

(L/S)

500

5,000 kg

pH

NH4
+(< 100 ppm)

NH4
+ > 100 ppm

Freundlich (R2 > 0.82) Langmuir (R2 > 0.98)
NH3

24 NH3  
135  30 mg/

kg 120  26 mg/kg
160  43 mg/kg

pH  
NH3

1,500 3,000
4,500 6,000 7,500 9,000 mL  

pH EC

1,000 
600 kg

800
960 kg 258.3 267.8 ton/ha
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480 640 800 960 kg N/
ha (apparent N recovery, ANR)
58 57 51 48% (ef ciency of N, 
EN) 0.45 0.38 0.32 0.28 ton/kg

800 kg/ha

640 ~ 800 kg

C3

(CK)

6 2,987 g/m2

802 g/m2

6 1,537 
g/m2 442 g/m2

5.4% 10.0%
5.5% 7.0%

0 1,010.2 
ppm

1.
2. A.

B. 3.
C.

D. 4.
E.

F.

2 51.3 



39

13.2%

2
swan 39.6

/ saia 34.8 /
swan 8.97 /

saia 4.61 /
saia 13.3%

swan 8.8% swan saia
saia swan saia

swan

108

CP ADF NDF WSC

65
 71.0 58.6 71.3 100

15.8 13.6 17.1  150
6.1 5.3 6.5

65 100 150 (CP)
8.57 8 35 9 .14%

100 150

150
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100

3
1

1. 
2. 

3. 
4. 

1. 
2. 

48 30  kg
4

(  – )

0.5 0.75 1%
124 kg 8

3. 

9 (Wistar )
(LD50) LD50 2,000 mg/kg 

body weight 4. 10%

30% ~ 25%
4 ~ 6

0.4 ~ 1.15
2.55 ~ 3.65

 – 
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2 ~ 3
20% 0.36 ~ 0.88

(  
)

66%  

35.7%
( )

107 10 25
1 108 1 22

33.3 ton/ha 6.38 ton/ha
11.06% 63.4% 40.0% 2 12

40.3 ton/ha 9.77 ton/
ha 5.62% 66.6%
41.7% 11.06% 5.62%

11
Flieg's 62.8 pH 4.66  

80
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10 16

8
4

(P < 0.05)

(AST) (TP) (CK)
(Cortisol)

 
 
 

48

0.8 ppm 30
90%  

NAS

2,278
0.98 0.99

(P < 0.05)
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5

98.7% 99.8%
30 60 300

91.5 96.5 99.8%
50,144

158
1

3.44 1
4.14

THI
2Y

(1)
(2)

(3) 4G Wi-Fi (4) 4G LTE (5) 
PoE (6) SD

1 (1)
THI (2)

(3)

E-mail LINE
4G SIM

Wi-Fi
ADSL
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e

e

3 (1)
(2) (3)

E-mail

22.6 kg LD
64

119.1 kg
3 ~ 4

PLC
10 500 L

2

COD SS VSS TS
VS TN TP 86.84 95.36
94.47 77.27 85.34 81.80 85.04%

3,376 L/d
61.96% 25.61%



45

(P < 0.05)

24 7
(W/W) 1 1

2
B ( )
28 2 12 A

( ) B ( )
A (W/

W) 1 1
20

 1 A B
(C)

(D) AC AD BC
BD 4

(7.30 
~ 8.24 kg) (22.5 ~ 25.8 kg)

(5.55 ~ 6.12 kg) ( 9.2 ~ 9.5 /  
) (95.00 ~ 98.33%)

(5.22 ~ 5.99 kg/d) AD
AC

100%

32

A 151.43 121.33 B
168 205.71

A 100.56 130.18
275.43 B 94 144.67

157.33

(
(L) (M) (A) (E))

(temperature and humidity index, THI)

( 37 m 34 m 11 m)
6 (24

15 30 )
8 2019 6 9

THI THI
A (81.7  1.1) M (79.8  1.1) E (77.9 

 1.0) L (76.5  0.8) (P < 0.05)  
L E (r)

0.33 (P < 0.05)
M A r 0.65 (P < 0.01)

(A B )

A B
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DHI

(MY) (SCC) (THI)

2019 1 ~ 6 ( 37 m
34 m 11 m)
24

8
3.9 1 (n = 

53) MY SCC 32.7 kg 39.1 /mL
+10.1 kg (P < 0.05) -1.3 /mL

6 THI 78.5 (P 
< 0.05) MY SCC

-0.25 (P < 0.01) MY SCC THI
-0.02 +0.03

 

(mouse BALB/c 
macrophage RAW 264.7) (Scutellaria 
baicalin) (0 2.5 5.0 10.0%) 10 g/mL 

(lipopolysaccharide, LPS)
(nitric oxide, NO) -6 (interleukin-6, 

IL-6) (tumor necrosis factor- , TNF- )

10% LPS NO
IL-6 (P < 0.01) 47.8%
81.6% TNF-

Tlri211 Tlri221

ABTS
DPPH Tlri211 Tlri221 24

5.94 vs. 6.14 0.48 
vs. 0.58 mmol TE/L SOD

79.22 vs. 60.69% BSCiPSC
2 1E6/mL

24 h
1E4 ~ 1E9 (CFU/

mL) Tlri211 Tlri221
(Caco-2) 2 h

30%
ISO 10993-5:2009 1E4 

~ 1E6 (CFU/mL) Tlri211 1E4 ~ 1E5 (CFU/mL)
Tlri221 Caco-2 24 h Caco-2

30%
2 Caco-2

2

Caco-2 Tlri211 Tlri221 2 h
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0% 10% 20%
53.8% 52.7%

49.6%

(
)

0% 10% 20%
49.5% 71.4% 70.2% FPD

10% 0.83 0% 0.53
2

0% 3.8%

3

12 240 3  

4
4

3 8 12
10 12

10 12

(footpad 
dermatitis) 360 5

A ( ) B 
( ) 3 40 5

12 12
3,038 g 2,966 g 3,046 g

12
0.53 0.49 0.93

(P < 0.05)

(FPD)
L12  L9

0% 10% 20%
5

3
12

11
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96 3
2 2
3 8

1 1 3

0.74 /m2

2019 6 8 23.16  
~ 37.66 8
5 ~ 8 9 ~ 12 ( 3 ~ 12 )

4 3 ~ 4

9 ~ 12

 A B
 C D   
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D3

144
2 3 D3

3 8
D3

200 2,000 4,000 IU
D3 (4 ~ 7 )

19.41  ~ 37.02
78.2  72.1 lux

520.0 lux 3,301.0 
 1,396.9 lux 27,300.0 lux

2,000 IU D3

12
8 5 ~ 8

D3

2,000 IU 17% PVC

( ) ( )

(Universiti Putra Malaysia)
(ITAFoS) 2002 2013

Dr. Suriya

Dr. Huzairi
ITAFoS

ITAFoS
Dr. Helen

ITAFoS
Mr. Eddy ITAFoS

ITAFoS
(Duck Industry in Taiwan)

Dr. Zulki i

Dr. Zulki i
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 1 

-7.0  0.1 -8.2  0.7
16.1  0.3 -2.7  0.3 3.6  0.2  -14.7  0.4

 7 4.0  0.2 -13.9  0.5
16.7  0.3 -8.8  0.3 13.4  0.3 -2.3  0.3

 7 

 25.4  6.9 ( / ) 116.7  47.5 ( /
) 500.7  95.0 ( / ) 513.9  98.9 ( / )

322.5  61.5 ( / )  102.9  60.1 ( / )
 20  24.3  5.9 

( / ) 110.8  55.2 ( / ) 483.0  127.7 (
/ ) 540.9  106.2 ( / ) 324.9  78.4 (
/ )  109.2  110.9 ( / )

48.9%
106

60% 80%

96.29%
3.71%

51 ~ 60

51 ~ 60

2
pH

COD TS VS
106

107 COD TS VS 
36,440 36,350 28,460 mg/L 26,690

23,170 15,560 mg/L 1.91
1.90 1.49 kg/m3/d 1.40 1.21 0.82 kg/m3/d  

107 106
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106 107
11.15 h/d 12.4 h/d 774 818 

kWh/d
504 532 m3/d 435 

459 L/m3/d

( )
(co-digestion)

11.4 
L 5 30

37  1
2 L

2
( )

10% 20% 30% 40%
( ) 5

1 ~ 2 10 L

TS VS COD
2.41  0.30 2.49 

 0.45 2.93  0.41 3.19  0.56 3.46  0.56 L/d
40%

(total solids) (speci c biogas 
yield) 274 240 283 307 454 ml/g TS 
/d (10%)

40%
(speci c methane yield) 147 151

184 189 197 ml/g TS/d
40%

0.75
1.2

3
1 ~ 5

8 ~ 10

12 ~ 14%
1.4

1.6
(101 cm) (198 cm)

( 8.4 ) (61 mm) (95 cm)

668
190 mg/kg

1,000 mg/kg 1.2
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150 / /
(C) (CF)

1.2 (W) 0.6 +0.5
(WCF)

24

975 1,136 ppm
(P < 

0.05)
(P < 0.05)  C CF

C 20.3 CF 69.3  
WCF 67.7 W1.2 60.2

C
CF 18.8 WCF 19.1 W1.2

16.2 (P < 0.05)

COD BOD SS

6
(Chlorella sorokiniana 

TJ5) BG-11 1L
24

3 6 9 3,500 rpm
10

665 mg/L 50%
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439  22 mg/
L 326  39 mg/L 6

50% 52.2  7.4% 66.6  1.7%

( )

(air stripping) (NaOH)
pH 9.43 (MgCl2)

24 h

85.3 83.9 40.3%
80.5 77.8 49.8%

Mg P

pH

3
( AOB4 AOB6 AOB10 ) DNA

OTU
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16S rRNA V3 ~ V4
PCR Illumina 

Miseq
3 AOB4

AOB6 AOB10 Shannon
134 vs. 208 vs. 111 2.69 vs 3.04 vs. 

3.23
AOB4 Sphingopyxis (37%) Pseudomonas 

(35%) Pseudoxanthomonas (8%) AOB6 Terri-
monas (56%) uncultured (10%) Pseudomonas (7%)
AOB10 Terrimonas (31%) Sphingopyxis (21%)
Rhodopseudomonas (16%)

Nitrosomonas
Nitrosospira Nitrosococcus

(SimaPro)
(cradle-to-farm gate) (boundary)

107 1 ~ 11
12.11 kg (CO2 equivalents, 

CO2e) 55%
22.01 kg CO2e

43.10 55.19
1.71%

50.20%

107 (
 < 30% ) 81.3% 81.7%

82.2%
35.5% 46.7%

57.0% 9.3%
5 74.0%

84.9% 1
6.3

(36 ~ 45 )

( ) ( ) ( ) ( )
( )

(n = 273)

20%
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40% ~ 60%

3

108
53 105 ~ 107

98

88.7%
83.5% 87.7%

16

( C ) (
P ) 100 40%

60%

8.8  
0.3 9.0  0.5 8.8  0.4 9.0  0.3 13.8  0.3 14.0 

 0.2 13.6  0.5 13.7  0.4 90.7  1.4
1 5 6

C P
50%

P 35.9
 C 35.4

40.6  C 37.4 (P < 
0.05) 97%

3
+

+
+  

+ 3  
20 240

3 7 10 12
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12
1

12 3,105 ~ 3,283 g
+

3,150 g (P < 0.05)
3 ~ 12 3.73 ~ 4.01

+ 3.73
(P > 0.05) 12

+
0.40 (P 

< 0.05) 12 81.4 ~ 81.9%
12

584 ~ 617 g  

+

10
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9
3 ( 85%

) 3
4 16 180

85%
5.74

6.21 kg 5.64 6.02 kg 5.53 5.92 kg
28.4 28.1 27.4

85%  
(73.2 vs. 60.1 51.7% P < 0.10)

6,400
84%

3
2

8.7 kg 6 18.1 kg 17.7 
kg

2
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8

3

0 20 (40 ~ 45 
rpm)

(
70 1 40 ~ 
41 )

( 70
46 ~ 47 )

106

27

80 ~ 90%
2 ~ 4

8 3

(

)
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0
5 10% 100  5 8

(F) (S)
pH

4.9% (F0) 5.8% (F5) 7.6% (F10)
2.1% (S0) 2.4% (S5) 2.6% (S10)

F10

(P < 0.05)
0.5

F10

S10 (P < 0.05)
5 10%

C ( ) 0% (
) 1% 2% ( 1%

2% ) pH

1% 2%
(P < 0.05) C 0% (P > 

0.05) 0%
C (P <  

0.05) 1% 2%
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0% 4
0 2% (TBARS value, 

0.80 mg/kg)
12 4

2%

(
)

0.177 ~ 0.150 mm 0.150 
mm 4
2 2

930 ~ 1,200 mPa.s
(10 ~ 11 cm3/mL vs. 8.8 ~ 9.6 

cm3/mL, 20 ~ 23 cm2/mL vs. 16 ~ 18 cm2/mL)
(pH 9.3 ~ 9.6) (pH 

4.1 ~ 4.9)

0.177 ~ 0.150 mm 3 ~ 5%
0.150 mm 5 ~ 7% 40 90

pH

 
( )

101

20%
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65 75 70
3% (2,878.5 mPa.s)

3% (2,364.3 mPa.s) 2%
1,000 mPa.s

( 1 
)

( 1% )
3%

7,139 mPa.
s 2.2 3%

1

AFSDEWPs recipe(1)

 A B
C D

A                    B                    C                    D

107
26 100 1

(beta-amyloid protein)

1,1- -2-
(DPPH scavenging rate)

(chelating rate)
Lactobacillus ke rano aciens HL1

pheS rpoA Lb. ke rano aciens
Streptococcus thermophilus BCRC 12268

BCRC 13869T Lactococcus lactis subsp. cremoris 
APL 015 HL1

(pheS)
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( )

0.5

(P < 0.05)
73.4 205.3 88.2 mg/mL

1 2.8 log CFU/g 

0.5 0.4 7.0 mg/100 g 4.4 
ppm

( )

( )
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 1.

108 1 108 12

608 685 486 677

145 324 321 472

289 309 286 329

1,042 1,318 1,093 1,478

 2.

108 1 108 12

24 289 14 242

33 139 1 139

96 297 73 284

40 96 29 81

10 21 14 26

9 23 13 22

182 865 144 794

 3.

108 1 108 12

614 3,152 9 536 2,253 2,044

23 327 1,577 162 385 661

36 311 2,180 4 145 2,218

673 3,790 3,766 702 2,783 4,923

 4.

108 1 108 12

542 1,222 2,295 1,094 2,012 1,370

542 1,222 2,295 1,094 2,012 1,370
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 5.

108 1 108 12

188 418 254 291 525 892

188 418 254 291 525 892

 6.

108 1 108 12

78 145 45 119

152 245 155 234

0 0 0 0

39 58 53 63

27 51 38 60

296 499 291 476
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