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- e 3E 5% A129 TMR (Total Mixed Ration) AF=9] wighe] S el A<l
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EZALE 31.55
Thul o) 2.33

H| E 3 1 2 1.58
uf Z=uf 25.00
= 10.09

leasl] 3.55
glo] 18~ A 442
EH AT Az 7.57
Gy Ax 1.58
E|RA Ax 1.58
Ad Az 411
e A= 5.40
A1 3] A 0.60
=z 0.32

1 A 0.32
<t 100.00
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Fhdef g FEve] Exs Al Axs FE35E
LinomaxZl= A=<l d] TMR AR & F2A8S £53

ol = Linomax”7} 1tz =33,

= )
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- o

FEAE (%) | ARAE (%)
ST 16.73 8.61
Zowl 15.98 33.00
A o) 7} - 2.66
o 73] 3.00 12.66
off 71} 0.66 -
Q2 0.62 -
A 0.45 0.57
A 3.00 3.00
Abshul ) & 0.40 0.10
=% 0.40 0.60
gslan 0.50 -
3} Fol A 0.05 0.05
Tt 7.00 3.28
CMS 1.50 0.66
of}a} 12.00 10.00
2| &8} 3.16 5.00
1) - 10.00
ol 5] 19.98 -
21 3] A9 1.30 1.49
T 1.00 -
QrEFH
12.00 8.00
ofnjg4l
o) A - 0.08
o] &/ v el
B 0.27 0.25
Rl Rl N
A 100 100
o] =2
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Proximate composition
Crude protein 22.88 16.38
Crude fat 5.33 441
NDF 21.90 39.33
ADF 9.73 19.23
Ashes 8.17 11.09
Calcium 0.92 1.34
Phosphorus 0.60 0.42

Fatty acid composition
C16:0 0.55 0.56
C18:0 0.13 0.10
Oleic acid (C18:1n9c) 1.27 0.77
Linoleic acid (C18:2n6c) 1.81 1.63
Linolenic acid (C18:3n3) 0.93 0.76
Moisture, % 12.60 37.57
F9%, kg/h/d as fed 3.00 32.00
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5) Dhiman, T. R., Satter, L. D., Pariza, M. W., Galli, M. P., Albright, K., & Tolosa, M. X. (2000). Conjugated linoleic acid (CLA)
content of milk from cows offered diets rich in linoleic and linolenic acid. Journal of Dairy Science, 83, 1016-1027.

6) Kowalczyk J, Orskov ER, Robinson JJ, Stewart CS. (1977) Effect of fat supplementation on voluntary food intake and rumen
metabolism in sheep. Brit. J. Nutr. 37:251-7.
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E 5 99 AW 248 £437] 91§ Capillary gas chromatography 4
ZzA

Parameter Conditions
Instrument Agilent 7890B
Column SP-2560 (100 m x 0.25 mm)
Temperature programming 140 C (5 min) — 4 C/min — 240 C (45 min)
Injection temperature 250 TC
Detector temperature 250 TC
Detector FID

Fo AW 2YL

a-

A

Asl7] Y3k 7]17]1= Agilent 7890BE ©] €31l column
SP-2560 (100 m x 0.25 mm) AFS A&t s, A&7 7t ARrtE TSI A
7bd A o7 A= AE7]2 FID (Flame Ionization Detector)S A}8-3Fal &
A ZAL 140 ColA 5 TR +9 4 T2 55 o 457 59240 CE&

o =2
ASEE AAT F FU9 AEo] 250 CTAA ol Fojd 4 Y 3t

Hﬂi rxr

Fol TR BT AN F B AP AF et s evlk-3 Ayt o)
b6 Aol e 7 ATo we A9 Zddd B, K 28 B 24 A58
Fod 5 U
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® 7. Ex3 AL As FA9d wE 4/ AHE Y A

(1 %)
Treatment Number of . )
. Fat Protein Lactose Total Solid
(Day) milk cattle
16%. 2.57 3.37 4.60 11.56
DO 49% 4.35 3.44 4.65 13.90
723, 4.30 3.07 4.76 13.27
1635 3.54 3.42 4.53 12.59
D7 49% 4.01 3.38 4.47 13.24
723 4.23 3.04 4.56 12.86
16%. 3.65 3.34 4.56 12.65
D10 49% 4.13 3.42 4.58 13.54
723, 4.02 3.01 4.63 12.70
1635 2.99 3.47 4.70 12.28
D14 49% 3.78 3.44 4.65 13.29
72% 3.79 3.00 4.71 12.60
16%. 3.31 3.45 4.63 12.43
D17 49% 4.04 3.48 4.57 13.47
723. 3.94 3.03 4.72 12.78
1635 3.32 3.60 4.68 12.64
D21 493% 4.02 3.52 4.57 13.46
72% 3.25 3.11 4.66 12.06
1635 3.38 3.47 4.63 12.57
D24 4935 4.65 3.98 4.58 14.20
723, 3.63 3.04 4.68 12.45
162 3.12 3.48 4.67 12.25
D28 493 3.96 3.67 4.60 13.62
723 4.17 3.03 4.66 12.94
1635 2.76 3.55 4.77 12.08
D31 493% 3.59 3.68 4.55 13.14
723 4.35 3.00 4.42 12.78
O AL vxe] 4% 1627F 49%, 7259 vl&] A o] GHA SAHHAoY A
At S HostHA A3 Frbste]l drbHQ A ] mdete As 2919 4959
A Re AL o), BEA R 4%F FAGE AL FAF 1259 4
A ALR Fol 5 6U7MA = 4 %E ooz fFAHACY 109 o] F2E 4 % o]Ft=
A2 Faste Ao® Uerd
O WAy B gare Bg9ult okte] £ o]zt et oy 163, 495, 725 7}
7 APAR Fo] 713kl wheh wlae) WOt Wi waige] we AL AL A
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® 8. EX3 AUt AR Foo W& pHS TA 573

A3 F
Treatment Number of
. pH TA
(Day) milk cattle

16% 6.7 0.17

DO 49%. 6.58 0.19

72% 6.64 0.19

16% 6.69 0.18

D7 495 6.64 0.19

72%. 6.68 0.19

16% 6.73 0.18

D10 49%. 6.68 0.19

72% 6.72 0.19

1635 6.71 0.19

D14 49%. 6.7 0.18

72% 6.73 0.18

16% 6.7 0.17

D17 49%. 6.6 0.17

72% 6.65 0.18

165 6.78 0.17

D21 49%. 6.67 0.17

72% 6.82 0.17

16% 6.78 0.15

D24 49%. 6.67 0.15

728 6.67 0.17

16% 6.87 0.14

D28 49% 6.73 0.15

72%. 6.73 0.17

165 6.64 0.17

D31 49% 6.68 0.17

725 6.68 0.17
O +HE Aol HAujslr] f3 Aldgst= dx2 el F2 32 (Quality Control) <1
pH¢t TA (Titratable Acidity) & $3 979 #4245 &9% 5 A+ TAE 44 4=
20 SR FHE A ES B BEAS gt 9 2N HHT 5 9
= AAEE g AAE $-F9] pH value: 6576.70131 TA #2 0.1570.16 %<).
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gz (19 6)Z =& pH ValueL 6.66.7=2 FAE= AL 13 TA 7ol Afole
2] 0188 FAIP oLt AlTto] A= 015 AEZ AW E Sof2 743_ ghel.
O mAa Fo] PF MZ TA HAZHE 0172 2 A5 ojAL A= A3
< vtz FA4eA Folal oF 59 Ax WA BV wEo A FEo] =a el
7] WEd Aew FAHE.
2. T Wl vAE Ar]E A
DAY= A9 f (BAAT-EAT) 479 vAE B4
(1) 57F ¥ 94 A=
O 9% A9 Yo /M F71d 2 35 dF vAE 52 B4 -998l7] 98 AT
1070 (2016.09.19), # =&+ 1078 (2016.09.2972016.09.30) 571& A A3l 2Fala i

A AR
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¥ 10. 95 AR 29 4 745+ A 2

No. Fat | Protein | Lactose TS SNF TBC PBC
1 3.28 2.91 4.52 11.63 | 8.47 1.E+04 | 1.E+03
2 3.22 3.15 4.58 11.88 | 8.73 2.E+03 | 8.E+01
3 3.3 3.12 4.56 12.08 | 8.82 7.E+02 | 4.E+02
4 2.95 2.9 4.45 11.38 | 8.49 | 6.E+04 | 2.E+03
5 3.68 3.13 4.52 12.31 8.7 2.E+03 | 2.E+02
6 3.17 2.81 4.46 11.54 | 8.41 6.E+03 | 8.E+02
7 3.97 3.23 4.44 12.53 | 8.65 | 9.E+02 | 5.E+03
8 3.09 2.96 4.27 11.21 | 8.21 1.E+05 | 9.E+03
9 4.09 3.23 4.46 12.7 8.7 1.E+04 | 2.E+02
10 2.72 3.03 4.55 11.36 8.7 7.E+02 | 6.E+02
11 3.12 3.11 4.53 11.79 | 8.69 | 3.E+03 | 3.E+02
12 3.06 3.16 4.56 11.85 8.8 9.E+02 | 4.E+01
13 3.41 2.98 4.61 12.02 | 8.64 | 3.E+03 | 5.E+02
14 4.05 3.11 4.55 12.7 8.74 1.E+03 | 8.E+01
15 3.57 3.15 4.54 12.33 | 8.79 | 9.E+02 | 2.E+02
16 3.78 3.22 4.65 12.67 | 8.93 4. E+03 | 7.E+02
17 3.66 3.06 4.53 12.24 | 8.61 3.E+04 | 3.E+02
18 3.51 2.96 4.52 12.19 | 8.66 | 4.E+03 | 1.E+02
19 3.74 3.14 4.59 12.44 | 8.76 | 3.E+04 | 1.E+03
20 4.08 3.37 4.5 13.22 | 9.21 3.E+05 | 3.E+03

(3) & MAE TF A
O 9 U vAE ¥F 242 93 DNAFE $ Miseq system= ©]-83Fo] NGS (Next
generation sequencing) A3, RTA (Real Time Analysis. v1.18)& o] &3] x4

Z13y.
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PLZ - Percent vanation explaines L2.01%
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O PcoA plot ( Principal Coordinate Analysis) 23 A+ A (H2M)e HA4+ A7
FEANE F e E FEEE A 7 ds (29 9).
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% 10. ¥#¥ Phylum level X ZA3}

¥ 11. A9 570 Phylum level E¥ &

C(lun Proteobacteria | Firmicutes | Actinobacteria | Bacteriodetes | Acidobacteria
1 29.3% 22.7% 15.3% 3.8% 4.8%
2 33.5% 15.4% 13.3% 4.2% 6.3%
3 32.9% 13.8% 17.2% 4.6% 5.4%
4 17.8% 46.0% 12.2% 4.8% 4.2%
5 17.2% 49 . 3% 9.1% 3.7% 3.9%
6 22 .8% 20.0% 21.6% 7.4% 4.4%
7 23.3% 18.2% 18.6% 11.8% 4.4%
8 24 .9% 28.3% 21.3% 21.1% 0.4%
9 31.3% 21.0% 15.9% 8.6% 4.3%
10 28.5% 16.7% 22.8% 8.6% 3.1%
11 33.0% 22.3% 10.3% 6.3% 7.6%
12 32.0% 13.9% 10.9% 6.1% 4.7%
13 35.4% 15.3% 17.0% 2.9% 7.0%
14 29.8% 12.7% 13.6% 8. 1% 5.4%
15 31.4% 15.3% 16.3% 8.4% 4.6%
16 29.0% 19.0% 20.6% 5.5% 3.5%
17 41.0% 18.6% 13.6% 5.8% 4.5%
18 32.4% 15.4% 15.9% 8. 1% 6.2%
19 25.0% 32.9% 22.4% 15.4% 0.6%
20 18.7% 59.6% 1.2% 13.4% 0.1%




O U ¥ Phylum level ®#X&5 AHE Ay =HE A Zo|A  Actinobacteria,
Proteobacteria, Firmicutes #°] %<& F& (60-70 %)< AAstE Aoz yERtoy

o
Bacteriodetes, Acidobacteria ¥°] H 2= Ao 2 ER.

O EAHog 4 5 20 AZo|A Firmicutesi-9 H|&o] =4 YES § 19, 20 A=

o 4] Bacteriodetes<-2] H]&o] =A YEE.
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a9 11. 958 Genus level X A3}

£ 12. 9 E 57] Genus level ¥XE=F

Count Massilia Bacillus Burkholderia | Lactococcus | Pediococcus
1 8.0% 5.3% 1.5% 3.6% 4.1%
2 12.1% 8.5% 2.6% 0.0% 0.1%
3 9.0% 6.3% 1.5% 0.2% 0.0%
4 5.1% 3.0% 1.6% 0.4% 0.2%
5 4.1% 3.1% 1.0% 0.3% 32.2%
6 6.2% 4.3% 1.0% 0.7% 0.2%
7 3.5% 5.4% 1.0% 4.4% 0.1%
8 0.6% 0.9% 0.2% 9.5% 4.8%
9 6.5% 7.1% 3.6% 0.0% 0.4%
10 5.3% 3.0% 1.5% 0.4% 0.0%
11 9.9%% 4.3% 3.3% 0.0% 0.0%
12 18.2% 10.7% 0.6% 0.1% 0.1%
13 8.5% 5.2% 2.8% 0.0% 0.0%
14 12.5% 8.0% 1.6% 0.0% 0.0%
15 9.2% 6.7% 1.8% 0.0% 0.0%
16 7.1% 6.6% 0.5% 0.6% 0.1%
17 7.5% 2.2% 1.3% 1.7% 0.1%
18 8.7% 5.4% 1.7% 2.5% 0.0%
19 1.1% 0.6% 0.1% 0.5% 0.0%
20 0.2% 0.1% 0.1% 59.4% 0.0%




O Genus level +X & AHE Ayl x4 S 7 Proteobacteria 2] Massilias 2] H] o]
BE AZoA =A ygkort 8 19, 20 MZoA= A HEHA E2.

O 20 AZoA+= Lactococcusse] H|E&o] ¢F 60 %E =X, 5 AMZA+=
Pediococcus4:2] H|&o] oF 32 %E A

O 8H¥ 199 MZ2 & AEZE53 & Kocuria (210 %), Chryseobacterium (13-18
%), Acinetobacter (5-11 %), Enhydrobacter (7-12 %)&2] EXE 7[R &= Z o2 e
W 199 A Z 2 o] 9o &= StreptococcusEo] 16 %S AHA|.

2) A W VA= Al

(D &7 W vAA= F4 Ao 28K

O $HE Af FRE AT A PPN AFH T o] LR 59 FAL A
Fo dgel gol FAd WHF Bdo] U2 YFLES 2o ALAMNE A4F &
U VAR EE W AR Geychionophyol e AR o8 £ &, 37 5 A

O gAY  YIA  mAES PseudomonasZolw I ESAdtolal o] Q&
Acinetobacter, Aeromonas,Escherichia, Bacillus, Micrococcus 5°] WA m A& &

3}
.

O Qf o uEA MAEe S A8 F A6
Hed, G gl mA 4 Tolstel A
o] 10 % Hukolm whol FAehA A, w9l

O ¥F5 Adde=z i vy aFSA4Te] F4S JAIS=  lactoperoxidase
= 2 75 5E% 2AYE

O vt M= 1980 th 5+ ol dnksts 7] Alztshdd 1 144%” UMEEOH Eikis

Bilol mxEH 7] AE HE it W

7)
2~®l (cold chain system)o] = HHA A9 v AW ETHA %é_‘o] A FANEHY oL
A3 I nAEe] o=z Qs dfe F Ao oAHE AE



O 9, 53 FHAME T2
9o Mrt 1fel g 7
O FF FUANE
S Q7] WEel F2 oy
o] ©

(2) =2

RSN

nAAE Ao vAE £

® 13. 9 Ul F8 #5444, A HeEA nAE
Number Name ATCC KCTC Gram Morphology
A Bacillus cereus fﬁg¥é KCTC3624 + rod
B FEscherichia coli S KeTe1682 - rod
Listeria
C monocytogenes KCTC13064 + rod
D Listeria innocua éggég KCTC3586 + rod
ATCC grape-like
E Staphylococcus aureus 95093 KCTC1621 + cluster
Salmonella _
F typhimurium rod
Yersinia _
G enterocolitica rod
L ATCC B .
H Campylobacter jejuni 33560 KCTC5327 spiral
a Bacillus circulans ATCC 4513  KCTC3347 + rod
Bacillus ATCC
b licheniformis 14580 KCTC1918 * rod
c Bacillus subtilis ATCC 6051  KCTC3135 + rod
d Burkholderia cepacia égi¥é KCTC2966 - rod
cocci(tetra
. d or
e Micrococcus luteus ATCC 4698  KCTC3063 + irregular
cluster)
Pseudomonas ATCC B
f fluorescens 13525 KCTC42821 rod
g Pseudomonas putida fggéé KCTC1644 - rod

O A AT P A~Z B3]
C,D,E H), W4 MAE 7% (a b, c, d e f, g0 KCTCAAH T, 494 142

2% (F, @< &7,

Af Wl Fo mAES A

B MAE 6F (A B,



< BCP (Bromo Cresol Purple) agar 2 MRS (de Man, Rogosa and Sharpe)
o] &3t 30 C, 37 T= &Esle] 7. BCP agarg ©]&3o] 1215, MRS
o] &3}o] 188%F #d.

o

AR L paper disc assay HS o]&.
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=5 vhEolxl v
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S

# 14. X3 AW 13T TMR 2 55 ALE v dy]
TVR ] S% A% e
X E . SEAR [ DI
o= (%) 9= (%) 2 (%)
E=Z=21 g 31.55 L 16.73 8.61
a5 2.33 A 15.98 33
b2 BNV |
MESTEE ] 1ss v 7 - 2.66
] =1k 25 o 3 3 12.66
) 10.09 ot 0.66 .
B 3.55 e 0.62 -
el leb= |y g0 i 0.45 0.57
Eq A~
AT | sy e 3 3
St AEEET
Ay 1.58 Rl 0.4 0.1
EA 1.58 Fx 0.4 0.6
AW Hx 4.11 oA H 0.5 -
=
B 5.4 FFgolAl | 0.05 0.0
GEE 06 T 7 3.28
== 0.32 CMS 15 0.66
Al 0.32 oAt 12 10
& 100 A&k 3.16 5
g - 10
EEE 19.98 -
5|4 1.3 1.49
=% 1 -
o) ~E A
o} 12 i
k1) A - 0.08
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E 16. 7Y AWF =4S F437] & Capillary gas chromatography
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Parameter Conditions

Instrument Agilent 7890B
Column SP-2560 (100 m x 0.25 mm)
Temperature programming 140 € (5 min) — 4 T/min — 240 C (45 min)
Injection temperature 250 C
Detector temperature 250 C
Detector FID

O Agilent 7890BE ©]-&3}o] 972 AWt 2A4S 5743 3L columns SP-2560 (100 m
x 0.25 mm) AlF o AFES 5. B3 7hA ARvtE oA Y Bl 082 AREst
+ A%71< FID (Flame Ionization Detector)& AF&3to] &A%k &4 2312 140 Toll
A 5o R fAsla vF 4 TR 255 ¥ 458 &9 240 CTE AAst=s HdAT

T Fd AEo] 250 TolA o] Fo|d = J=FH g

o,

O Ak TFF BEH AWA F B 4G AFFHA e oub-3 AR} 2
-6 Ao W& 7 AEvi e 49 27 % JAE ol §dte] B g Hi
4F B ABYT AR 2ol7k-6 AW D Qvl7h-3 Ak 2YS heby,

E 17. B3 AL AR Foo I E A4t HE WE

Treatment (Day) Total w-6/w-3 ratio
DO 4.06
D7 3.80
D14 3.88
D21 3.72
D28 3.56
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12.26
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Total solid
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4.52
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O 75 A& #Aujad 49 Aldsls x4 F4 32 (Quality Control) &<l pH

S AR wolol meEt Yo FHe Wt

MRS Gz xTdE AFES)
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= =22

sk 2] pH value= 6.576.7

Lo 2 %

TA 32 0.1570.17 %4.
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E® 19. EX3 A AR §909 ©E pHe TA S3 23 #

Tre(aDtar;';;ent pH TA
DO 6.59 0.14
D7 6.89 0.18
D14 6.69 0.17
D21 6.64 0.17
D28 6.72 0.16
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® 2 94 W F8 844, W34 Ads A=
Cat. Indicator Source Culture medmm 5 hm:r;?:?.,.c)
A Bacillus cerews KCTC3624 KCTC BHI i7
B Escherichia colit KCTC1682 KCTC BHI 37
D Listeria innocua KCTC3586 KCTC BHI 37
E Staphvilococcus awreus KCTC BHI 37
G Yersinia enterocolitica BHI 37
a2  Bacillus cirewlars KCTC3347 KCTC BHI 37/30
b Bacillus licheniformis KCTC1918 KECTC BHI 37
¢ Bacillus subtilis KCTC3135 KCTC BHI 37/30
d BurkholderiacepactaKCTC2966 KCTC NB 30
e Micrococcous luteus KCTC3063 KCTC NB 30
f  Pseudomonas fluorescers KCTC42821 KCTC NB 30
g Pseudomonas putida KCTC1644 KCTC NB 30
O #F ~=agyd #4 F vy Y Hee AAl nAd=of gare S 7 2%
F< HAAT UgAg Fa n A Ee | =S Bl A Zt= 3% Ak &
Hao 7 AW,



Burkholderia cepacia KOTC2966
Micrococcus futeus KCTC3063
Pseuvdomonas fuorescens
KOTC42821

Pseudomonas putida KCTC1644

Bacillus ficheniformis KCTC1918
Bacillus subtifis KCTC3135

Staphylococcus aureus KCTC1627
Bacillus cireufans KOTC3347

Bacillus cereus KOTC3624
Escherichia colf KUTC1682

.
. Listeria innocua KOTCISES
.
-
T
.
-

Versinia enterocalitica

Lactococeus lactis CR-12 -

Lactobacillus plantarumMR-14

Lactobacillus paracasei THM -1

Pediococcus acidilactici TWE-4

Lactobacillus casei DH-12

I9 22. AR FET 5359 AATE 12F° i 7Y A

i
)

2 o o
— =1 U el u
h [i] b
E 2 & 2 8 .3
= a E ] = i mo 2
a “ = £ = i o
= a = E = = wa = k4
2 L] 2 I = " o = ] 5, a 9 =2 ]
s 2 2 53 £ & ¢ » g 3 § & £ 8 58 =2
E 8 8 E Eg 2 8 ¢ s 3 ¢ = o 2 B2E B
) L c = == 5] w (7} E =
Strain 5 2 =2 8 5 & ® ¥ 8 g 8 & £ w g B8 THs
& = = ut = (v c o A =
Species v w o 2 =2 £ 2 J o 3 2 ¥ 3 £ 3 B Og25 @
5 o 6 &4 & & 2 o & o E g 4 5 5 & 4 Z28hA B
lactococcus fachs. CR-12
lactis
Lactobacilius plantarum MR-14 5
) 4
Llactobacillus paracasei THM-1
3
Pediccoccus aodiiactic TWE-4 .
1
Lactobacillus casei DH-12
o

a9 8. fibd FRFES 3 LA 2 &4 profile

O API CH50 kit ¥ Zym kitE ©]-&3to] w4t A1t} 16S rRNA sequencing 2 E &
$+ste] Lactococcus lactis. lactis, Lactobacillus plantarum, Lactobacillus paracasel,
Pediococcus acidilactici, Lactobacillus casei & 2.2 4.

O it FET 5% & vt 2 EF ] 7P W CR-12 ol s Al 714 @+t
AWM (paper disc assay, agar well diffusion assay, top agar assay)< ©]-&3fo] a3f
TEAA 2 4B de Ay =

- Paper disc assay

© 4

A b Hed MAeES A Fe

o2



@ OD#<S 052 23 HAA nAE 9 100ul= MRS (de Man, Rogosa and Sharpe)
v 2] ¢} BHI (Brain heart infusion), NA (Nutrient agar) ¥l *| = z}z} 1:12 &3ta) A %3k

Haelol el vgow ERg

@ =83 4 = paper disc(bmm)ES H o] g A 7 T A=AS 10ul
—Z

@ 24A17F v F & clear zones Q1.
- Agar well diffusion assay

A ATt 9 MRS 9 o

Ry

© 4

o2

@ OD#E 022 2 HAA vAE 79 100ul= FH7F3F soft agar(agaroseE 0.8%
(w/v)H7FE Al) 4mls TSA (Tryptic soy agar) WA H3 9l Qoj& F 20-30% &

b =l

@ Soft agar’} =i W F Hg 1000ul tip SHEEoR THE S

@ T well F-iZoll FAbet wfke B 4SS 100ul HEF F 1243 vl

® Clear zone< 3}el.

- Top agar assay

O 29 A sy 34 vAESs 8 F=.

@ 2SS A28 MRS brotholl % (0.1%)3Fa 308 ) <k

B g A 7 oF 10204 A% AGEES 45k0] MRS B% WA 1000E =

@ AgaroseZ 05%(w/v) Z7FeF TSA wl#| 2mlS 1 9o Y31 1A v,

® OD#= 052 9 HdA vAd= d9 30uE H7Fek viA] 3mls = 71 9ol HolE

F 24413 W,

o

® Clear zone 3}



£ 23 A 7HA o eHAARHES o] &% CR-1279 F7Y HF

Paper disc assay

Agar well diffusion assay

Top agar assay

cell cellfree  pH adjusted . cell cell free  pH adjusted sull
supernatant supernatant supernatant supernatant
A + - - MRS+ BHI + - - +
B + = - MRS+ BHI + - +
C + + MRS+BHI + +
F + + MRS +BHI + +
G + - MRS +BHI + +
a - - - MRS+MNB + +
b + + + MRS +MB + + +
€ + . . MRS +NB . . B
d + - MRS+MB . . *
e +* +* * MNB +* + *
f + + - MNB - 1——"“'-—-_\
q + + - MRS +MB + + + -__'“'—ﬁ___,___‘__
O Al 7HA] aatse a7 el oJs) dud ot AT 5 A Aol A kA HA
(FAA Wa HAL &9 28 HAbH AL
# 24. CR-12¢ 9 ZAA WA 2 &3 %& HAA 27
Species Strains  AMP  KAN STR ERY TET CHL GEN Hemolytic activity({+/-)
lactococeus lactis lactis  CR-12 5 S 5 S 5 5 5
O CR-127to] 3&AA® 7% (Ampicillin, Kanamycin, Streptomycin, Erythromycin,
Tetracycline, Chloramphenicol, Gentamycin)®ll ™3] WAdo] ¢l 38280 gle= A
o7 e
(A) (B)
2E+09 !
; 7 S 7’ 5 ~— N
= 1E«09 / o
_1_.__ 2L=U5 / 2
0 3 6 2 B 24 36 18 &0 Oh I &h zh Bh 24 & 1 48h

Tme (h

Time (h

a9 24. skim milk 10%wj Aol A ¢ CR-127 ¢ 8% =4 (A) % pH F4 (B)

8) Broaders, E., Gahan, C. G., and Marchesi, J. R. (2013) Mobile Genetic Elements of the Human Gastrointestinal Tract:
Potential for Spread of Antibiotic Resistance Genes. Gut Microbes 4. 271-280.



O CR-12%% skim milk 10% ®i=|o| HFsto] AF=d 2 pH WSS Ay,

O A A AS- oF 3A7H] lag phase®} 2141 7F A = exponential phaseE 713 3
A7t o)A stationary phaseZ 74+ A o2 e

O A #FE 100 FFEOE AF

O pH W3t= %7] 62014 45714 "ol A v pH7F 4.5-5.0 Akl 73+ (2041 7E#) ol A 7
=7 A4 H.

O Hit¥ skim milk 10% wiA|o] HAA mAE D Wy v E Adst LS 101
2 JE, st 7 ul I 58 ot

O WA o] &g # Z43 54 ol F23= primers ©]-83 qRT-PCRE ©| &
3)
=

O df vAE o fFakde] AA &S 24T & 258, 98 $F U AY 2 I
w9 ghef A A, pHE S FA.

R

i 80 o LA TR u‘ 3 Z - : o -

G S~ THITH I

Cell counting

e Purn P =G Pt fiourrsery sl Pt Serugeen
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Sternge dwys

Fgure 16: Effect of bifiiact Bb-12 on Pesutiomonas spp. counts of ground
et stored B4 C 1 for 15 days.
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£ 25 394 "= R WA FH mAEdd dHE A9 #iA

Medium name

Species

Mannitol egg yelk polymixin MYP (281010, Difco)
Egg yolk enrichment 50% (233472, Difco)
Antimicrobic vial P polymyxin B (232681, Difco)

Bacillus cersus

Bacifius circulans

Bacillus lcheniformis

Bacillus subtilis

Oxford agar (222530, Difco)
Oxford antimicrobic supplement (211763, Difco)

Listeria monocytogenes

Listeria innocua

Mannitol salt agar (211407, Difco)

Staphylococcus aureus

Micrococcus Juteus

Pseudomonas agar base (CMO05598, Oxoid)
Pseudomonas CFC selective supplement (SRO103E, Oxoid)

FPseudomonas fuorescens

Pseudomonas pulicda
Burkholderia cepacia

Eosin methylene blue agar (CMOOG9B, Oxoid)

Escherichva colf

CIN agar base (CMO06538, Oxoid)
Yersinia selective supplement (SRO109E, Oxoid)

Versiniz enterocolitica

¥ 26 H94 vAE 2 A HAEFR A2 FAF EASS F A= primer

set



Product

Specits Prizner Target pene J-sequence-3 Size (bp) TMC)  %WGC Reference
el
Barifh cireadans ciF - GAGTAACTGCTTOTACCTIGACGG .. 617 S0 G e

e} ISRNA  GCGOCTCAGCOTCAGTTA 0 62 6l TR puy
Bartfhs ficheniformis serAJF TCACAACCCOTTGACGACAA o s06 50 . =
ser AR CGTGTCCGAGTGTGOGTTATAT A7 23 % Al 1014
Barilh subiile ENIF CCAGTAGCCAAGAATGGCCAG 621 57 "
ENIR endoglocanase gene CCGCATATGGTITAATATCACGC 451 557 3 Modificaton {Ashe e af, 2014)
Elsterla monocyisgenes f::; blvA gene (hstenchysin O) Eg_f_‘g Sg;éc_c ;EGEI?;EE AMGA 5 ;E: ‘ ! Modification (Deneer e al, 1991)
Liweria innorun En(d64F  transcriptional regulator CGCATTTATCOGCCAAAACTCAAG 749 582 43 Liv ¢af 2003
Hn454R gene TCGTGACATAGACGEGATIG 98 @0 s R
Sigphylococcus aureus primer | GCOATTGATGOTGATACGGTT 558 47
gD Ruciease A AGCCAAGCCTTGACGAACTAAAGE 3 62 W Beakstad ot o, 1992
Microvocews huvns piF resuscatation-promotmg  CCGAGTGCGAGTCOCAACG 167 627 68 This studv
pik factor CTGCAGGTCOCTGGAGGAT 60,7 61 ’
Proudomenas fugrescens 165PIEMF . GGAACTGCATTCAAAACTGACTGAD 60,3 44 . s 5o
o 165PSER. 165 specific region AGAAAGTTCATTGEATOTCAAGGCE 385 611 P Modification (Scarpellini e afl 2004)
Preudomons purids P74 pveE GGGCOTIGECATICTGET . 623 6t o
P1455r CAAGATCGCCTGOGTACGA e 41 57 Modification {Yamamoto #1 o, 195)
il — ISR eag Tt g M Modification (Campbell & o, 1995)
Esclherichia cob 16E1 GGOAGTAAAGTTAATACCTITOCTE o, %64 40 Toem et al 1895
16E2 TTCCOGAAGGCACATTCT 566 ] : i
Yerzinia sruerocolitica YE-I R —— CTGTCTTCATITGOAGCATTICGE 159 &0 47 Wane el 1997
YE-2 = GCAACATACATCOGCAGCAATC S5 47 g ’ :
- - E T T,
il bt isRNA  OTTCIATIACCTAGTICOTOAGGTA 397 330 2 Modifcation (Odamaki ral, 2011)
=) ) ) o o 5 o o 3 =

O AN e Aftol B HIAE L WY PAER AT FATE DA A3

= o o S 7 - 6 H B
gt 22l dxE - U 4 Fgatee Fof FAAE 24

O ol A A== tiFE FdE] AnHEa & 20169 7oz e A= &
2Ml R oF 137 4700010 1 Tl A s of 11”& 1OOOE°]MH = At

O Az T A= Y %L—o]%— AR by A A gaT A A9
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O @3 1R A= B AR A BY, I, 4T, 47, 99 $9 FLAGeI A
Fo AEVIAEL AEY @
- YAl A 103

(2016.09.19), B Zwtoll A 103+ (2016.09.2972016.09.30)¢] =715 A4
ato] Zstal H4r A BAaRdels €4 500 mlE ExE &7 "ol =

B 27. At 22 E A8 ALAAGAM FH}N AE AR

A= A
i B3 A 35 71 et A
A 10 10 20
A 27 6 33
Az 9 6 15
a4 2] 2 9 11
=% 1 1
A 80

(3) 96 2 AFHFNA FAF B

7PA] HitE 7)o ol 20 T o Xy A3

O
>

o
12
rlo

WZ o 741 g == 1 ml 3] 0.85 % NaCl il oz 100 843 e. 7 54
cheese starter® %ol A8% = Lactobacillus %3 Lactococcus %55 w8E
selectrive media®] =23 5. MRS (Man, Rogosa and Sharp, Difco, USA) i ] Hj <
2 05 % Lactose 3 7F M17 (Difco, USA) 34| A & AF&3}o] 48A17F &QF 71271
oA Bl =

o

(
ol

BHE 93 v ] ol A colony morphology<S ##3te] Ae3t 3 Fd3l
AA iAo TRA] @Zé}oﬂ 24N 7Y Eo | oA Y El S

O A wfR|o] w3+ FL bromocresol purples 713 plate count (BCP, Eiken
chemical Co., Ltd, Japan) aLA| v #] ol streaking 3}¢] =M colonyE FAsl= ¥+
Aoz AAge,



O 35 % H)0xZ o] &3 71&d o] = (Catalase) A &S 1 13k dAMS 3 & w7
2 JHE AP Atgdolz 4 2 O Y o e s AE i

O AyHom ZFAA Gl =53 80789 i & dELaHF MENM & 615709
A

Sample collection

ey Vg
P

Raw milk and Korean traditional fermented food
(Kimchi, Jeotgal, Makgeoclli and cheonggukjang)

Incubation Catalase negative Gram positive LABE Isolation
. =} 3 i S .'. =
i [ i S a=
o 1 OEEE ey S
mﬁb&mhdlﬂ‘ L B ==
Al ® =
gl - S s/
L 4 h
a9 26 Ui R AFVENFoAS 4T B Py ZAE
E 28. ZAAGAA T AEZRE EY3d 4ty 5
Samples No. of samples No. of isolates
- 20 306
A A 33 181
A 15 91
94 g 11 31
] 1 6
A 80 615

2) fALES] S5 Ul AF L 54 e}

(D A s A= 4 &<



2wk 59 o]F (off-flavor)E YA A 7] 2 X3 7

A A3 pH 22 )
& uol Folshor .

© YHow %A o

At pHel 7152 AS7] P Ao Bol AgsE A= Tl AaD
SkAl  (Chr.Hansen, Denmark)®] CHN-11 A|F S 25¥ Lactococcus lactis subsp.
lactis biovar. dracetylactis CHN-11-1, Lactococcus lactis subsp. cremoris CHN-11-3,

Leuconostoc pseudomesenteroides CHN-11-48 & ®2|slWil Lactococcus lactis
subsp. lactis 1L14033} $h7A 2+ &2 W] u s

Ak 10 % EAF (Oxoid, UK)Oll & FHFskal 64173 48413 %o ORION
STAR A211 pH "] 7] (Thermo Scientific, USA)Z 43t AF A 5S AL

- e EE 16470 FAbEe) A A5 Bl

ot

EE N

FE 29. 1647] 479 6A17F & 48A17F F9] pH WS}

No. of isolates
ApH Class I° Class II° Class III°
(ApH<1.5) (1.5<ApH<2.0) (ApH=2.0)
Control 4 0 0
ApH 6h
p Isolates 163 1 0
control 2 2 0
ApH 48h
p Isolates 24 62 78

# Class I : Low acidifying isolates, causing a pH decrease lower than 1.5 pH units.
b Class II: The group of medium acidifying activity, showing a pH drop of between
1.5 and 2.0 units.

¢ Class IM: highly acidifying isolates showing a pH decrease of over 2 pH units.

=GR 10 % SAFOl FE FE F 24N D AN Fol AFREG ]GOl A
AHog % gmslo] J1golNA BE AL B4, $uHA o} 7oA B
e 4o N




(2)

O

a9 27.10 % EAFAMY A= FA FAE (@) F =4 (b) A
Tr A ALl #eEts Ba AT
AT deer T8 el A2 v AT AL

Az=o Fv AL 7T

Ho

uv)

=

>,

Ho

X

2

ol

10

o

o =
-

oX,

Sh

o

ofl

M

ol

o,

i

(glycolysis), &2 E3] =2 (proteolysis), AH 3l

A AT AE ATl e ol Fr ARk B R
72 B g4s AAR8YR

Alcohol/Aldehyde dehydrogenase (AdhE), Branched chain aminotransferase (BcaT),
Aromatic aminotransferase (AraT), Esterase (EstA), Alcohol dehydrogenase (Adh),
Citrate permease (CitP), Keto acid decarboxylase (KdcA), Glutamate dehydrogenase
(GDH) <.

16470 2kt A AdhE, BcaT, AraT, EstA, Adh, CitP, KdcAE

5)
Multiplex PCR W& o] €31, GDH &4 2 colorimetric assay® %3] 35,

Amplicon &71¢} melting temperature®] wetA] 7712 B A FAAE 349 1Fo R
tFo] A Multiplex PCRS A 3 3] .

- ggel Zefolre A AAYY 24e] Telolr =R AW RE Lol

Bioneer (South Korea)oll A =i #|2F3l <.



F 30. Multiplex PCRel| A8 Zzto]w] AR

Group Té;ﬁzt Primer Sequence (5'-3') "(l"(l\:/§ C(;%C ‘g‘g‘ g)c Rflfce;re
el s | TGN | ||
def}zc}l;%egen AAdh R | TTTATCACEAAGTG | y99 | 38 28| study

Branched | peAT F TACCITVISETIAT | 198 | 36 | In this
. aminotransie | peat g | TCCTACTICIGTTT | 459 | 36 study
Aromatic | ArAT F | STCATIATACTCGA 1477 1 55 I this
e | AraT R CAAGGICIGACAT | 490 | 38 P sty
Esterase Pt GGGAX%%?¥CGAA 188 38 617 In this
cet R | CCTAATTTTITCAA | 400 | 3¢ study

- CTCGG
deﬁ;?r}f%len Adn_F | TCTTGLAAAAGGAA | yg7 | 38 o | o s
, ase Adn_R | AATTCCTTITACCT | 455 | 36 y
Citrate P4S) | OGS e C | 602 | 52 o | Kiin e
permease P5(A) CCA,AA,(%(;%TCGA% GTA | 597 | 5 (19915)
Keto acid 3fw GTAE%%%EE’%GGA 511 | 40 Yvon,
T e | GCTCACEARATAA |17 |y | | oty

O 16470 2kt 217+ 9] colony 3tue} /~TaqIM 2X PCR Master mix Solution (iNtRON,
South Korea) 18]3 s93lE= 10 pmoled Z#tolw S o] 20 ule reaction
P

mixtureE

wrgo]

2 multiplex PCR

el

CR<= 3

A

F optzz A 4719%

il

o



(@)

A5 M A7 4B 49 %0 51 %2 53 B 6R 5BG

Ea} Mol T 31 W A1 47 43 A4

adhE —wox

5

beal g =
araT = < =
estd —w e
o
e
il
(b) M L DL 53 51 55 56 57 58 59 G0 G1 62 63 64 65 6A 67 6B 63 TO F1 72 73 T4 TS
IO
1300
adh- *lg}':-'—
citP—» o
(71 4
Lol
T
e
SRR -
¥
control
(c) ML DL 34 35 76 77 285 79 30 31 3233 34 35 36 37 58 39 40 41 47 43 44 4525
LAk L1
kdcA —»
15
=
= s
Mmoo
1 |
i
00—
g
200"

(11.7]

oy 28 A HA ¥ (a), T A4 2§ (b), A WA ZF (c)¢ Multiplex PCR ¥
of7l2 2 A A719% A ¥, M: 100 bp ladder, L: Lactococcus lactis subsp. lactis
111403, DL: Lactococcus lactis subsp. lactis biovar. diacetylactis CHN-11-1.

HxTO0 82 AVR3F L. Jactis subsp. lactis 11.14038 EHAE RE FHdAE 7HA a2 )
a1, L. Jactis subsp. lactis biovar. diacetylactis CHN-11-12 CitPE A 93 ZE
AAE 7FA 3L QA QS-. L. lactis subsp. cremoris CHN-11-3& bcaT %S AT L.

pseudomesenteroides CHN-11-48° = E}Al f-A 271 ¢l Aoz 3.

AT 16470 TolAM = 4d7R 9] frakatol F A 374e] o] BA A T Sl
Ao gelo]l HAL. CitPE 7ML e #2& (AL Al A9 #wke] kdeAE 7HA AL
0]o] o
AT



# 31. Multiplex PCRE F34 U3 Fr] Pibo| #oA3)
A o5

' E

rr

Target gene
adhE | beaT | araT | estA | adh | citP | kdcA

Control
Lsubsp. Jactis 111403 + + + + + - +
L. lactis subsp. cremoris
CHN-11-3

L. lactis subsp. lactis biovar
diacetylactis CHN-11-1

L. pseudomesenteroides
CHN-11-48

Strains

lactis subsp. lactis L5
lactis subsp. lactis L9
lactis subsp. lactis L19
lactis subsp. lactis L20
lactis subsp. lactis 121
lactis subsp. lactis 123
lactis subsp. lactis 129
lactis subsp. lactis 139
lactis subsp. lactis 143
lactis subsp. lactis 144
lactis subsp. lactis 145
lactis subsp. cremoris C46
lactis subsp. lactis 148
lactis subsp. lactis 1L54
lactis subsp. lactis 130
lactis subsp. Jactis L53
lactis subsp. lactis L56
lactis subsp. lactis 166

- + - - - - -

R R A A S
N S A RS N
N N S N S
S R S S S S S R S
1
1

1
1
+ |+

DN I O [ O D I B D I D D B D [ I B D
Flh ||+

[+ ]
[+ ]
[+ ]
FlH |+ ]
1
1

O GDH 4= F43t7] faiAd 1 % (v/v) dF3te] 71 10 mio] mjFds A2
(15,000 rpm, 5 min, 4 C)3}4] phosphate-buffered saline (Mediatech. Inc., USA)S. 2
F ¥ washing ¥ 0.1 mm®| silica beads?’} & microtubed] %71 ¥-<. Biospec
Products®] Mini-Beadbeater-16 7]7] & o] &3¢ 30% &<t 12 34 & 18 < &
ol F7F A3)a vl 30 &<k 23k k3 3 AlE 3o} (Cell free extracts; CFEs)
L oAl GAEY (15,000 rpm, 10 min, 4 C)3}] beads$} cell debrisE #| A3 & -20
T o B#3

9] CFEsoll 4] R-biopharma ¢] glutamic acid assay kitZ ©]-&3le] GDH &4 &
A3l 5. GDHOl ©] gt glutamic acid®] 4Fs}4] &oln] 7] ¥k-g-2 cofactor?! NADH9]
2SS 7 AAZ. NADHT iodonitrotetrasolium (INT)9} Ty diaphoraseo] 2] 3l A

=
Formazans &Ad3tA =i o]zl o] BAS A5t A H.

ox N N



- &8 GDH =4< 938 colorimetric assay?] €8S e}

ré
Jz
=8
jules

Amino acids

Aminotransferase

&

-NADH  Glutamate

P a -ketoglutarate , NHS
.\ dehydrogenase

u\. NAD"
Glutamate

L

a-keto acids

(a) Amino acid + a —ketoglutarate . * Glutamate + a-keto acids

(b) L-Glutamate + NAD* + H20 . * a—ketoglutarate + NADH + NH,*
NADH + INT + H*® —setsmee NAD® + formazan

29 29. Aminotransferase &3 (a)9} Glutamate &4 #A (b)) A X

W1 80 ul, potassium phosphate/triethanolamine buffer (pH 8.6) 80 ul,
2] 31 NAD-diaphorase 40 s &3] 98-8 A4S =3 60 e CFEE Y3t H
o] = 200 ul

A] 100 mM 2] L-Glutamic acid 40 WS gl F 600 w7t = 0}

96 well plate 3 3ol Uo] 5. 30 CellAl 3 AIZE &<t vl $ 492 nmoll A J

=

=

Hrror Ag

&

= =] O
S,

1670¢] o] Fo4 o= GDH /o] =35,

A 759 GDH €4& Ioad== vetd 19

st L. lactis subsp. lactis biovar. diacetylactis CHN-11-1¢1 H]

o]

= .

& 31}

INT 40 @b

o2 N

o

ol 3 A
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27F (5'-AGA
o]

ol¥l AL National centre for Biotechnology Information (USA)2] BLAST A{H] 2~
=
[e)

]
3}
=3
=
S

3

49
[ex ek
= =2

=

s}
o}

A A
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]
o
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gel

Universal primer
=

4 <.

GTT TGA TCM TGG CTC AG-3)¢t 1492R (5-TAC GGY TAC CTT GTT ACG

kel 99 9% o]

[

°©

1& %

S
ax

o W)

Ea

}$3 32 Macrogen (South Korea)ol 2] =]

5]

°o]-&

16s rTRNA sequence i+
v 702 Lactococcus lactis subsp. cremoris®t 5+ W& Lactobacillus casei ~1

h 84

=

=

o

] GenBank U] o] & Hl| o]

<

o

2

ACT T-3)
= °l8

&) 2 4170 9] Lactococcus lactis subsp. lactis 5

O 4474 ¢ +
- 1 Az

el

7ol
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w
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- UA, FE7F A= o A
- Al A, GDH &40o] =2 4.

O YW b/Me ¥ Lactococcus lactis subsp. cremoris C46 (C46), Lactococcus lactis
subsp. lactis Lo (Lb), Lactococcus lactis subsp. lactis 1.23 (1L23), Lactococcus lactis
subsp. lactis 148 (148), Lactococcus lactis subsp. lactis 156 (1L56)S HE 3 T H

To R AdES
(4) F-froll Aol g &2l
O At 57012 10 % A FolAe AFAdS A5 .

- 1L5E HZE 24AN7A ] 72 x 10° CFU/mIZ 7F8 A7}t weka ym ] 123, 148,

L56, C46 752 HF SAHA ] 14 x 10° CFU/m], 89 x 10° CFU/m], 14 x 10°

CFU/ml, 2.0 x 10° CFU/mI=Z 7}7} A3 AHFE By S

- L. lactis subsp. lactis 72 15, 123, 148, 1.56& H il A4S HQl o]|Z Ry A=A
o)
AN

QAR T L. Jactis subsp. cremoris CA462 3 F 48417+ -9

S
= =
> 2~ = e} =] - o 2~ [e]
= Ha AAFE FA4=E AE B F AU

d
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Lactococcus lactis subsp. lachis LS Lactococcus lachs subsp. lachs L23

: '|Dm- j 101&-

£ E

= 1071 107

5 3

£ 10 £ 10M

3 E

= 1 L w0

] 8

= 10 2 10

8 g

> 'I|.,|l‘ L — T 1 = 11:IE T T i

0 6 12 24 48 06 12 24 48
Time {h) Time {h)

Lactococeus lactis subsp. lachis L48 Lactococcus laclis subsp. lachs L56

1.31#- 101#.

10"

1‘]1-

10"
10?.

104 10

Viable cell count {CFUWmML)
%
Viable cell count (CFU/mL)
—
Qr

"Ilj‘ T 1 T 1 '|1_|'l T 7 T 1

Time (h) Time (h)

Lactococcus lactis subsp. cremorns C46

10'°9

3
i

Viable call count (CRWmML)
2 3
\

Time (h)
3% 31. 10 % EAFAY & AFA.

el

=

kite} API ZYM kit (BioMéerieux, France)Z ©]-&3}o] Xt 57)

[€]
G4 ZRAS wAste] Su AgR Exsshl.

o
e
e
=5
g

- thxar Q) IL1403 % CHN-11-13 ®uetql-& w, L5, 123, 148, L56%] =3}
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D-Ribose Color scale
D-Xylose

D-Galactose T MNegative
D-Glucose

D-Fructose

D-Mannose

D-Mannitol

MN-AcetylGlucosamine | Positive
Amygdalin

Arbutin

Esculin, ferric citrate

Salicin

D-Cellobiose

D-Maltose

D-Lactose (bovine origin)

D-Saccharose (sucrose)

D-Trehalose

Amidon (starch)

Gentiobiose

Potassium gluconate

Alkaline phosphatase
Esterase Lipase (C8)

Leucine arylamidase

Acid phospatase
b-galactosidase
a-glucosidase

b-glucosidase
N-acetyl-B-glucosaminidase
a-fucosidase

i

29 32. API 50 CHL® API ZYM kit2 £43% dxo73d Ad79 a53E 239
J H ) )\é

& AL UEd 59 9F S9U5s Aol Aga BaASEs &

0 A= Fe ARl BF F ARALe] Ak A7 Raehe o] B
v]]?_ —



O i RS dA FElste] Mz Hskal o] & 0.5 M sodium chloride (Sigma, USA)
= 3§53 0.01 M phosphate buffer (pH 5.5) (Mediatech, Inc., USA)o &< ¥ 600nm
NMe] FFEE 09 ¢ 1.0 Aol 2 At FHE 27| SHEE A 2 HF
A A 30 T wi7]ol Bastw 6 AlZE 24 AIZE 48 AIZE $o] F3 =5 SAHAIUS.

O L. lactis subsp. lactis L&A+ 148& A &lstil+= 2F o Z3+< 111403 Xt} $-

A7V e H S B AL, L. Jactis subsp. cremoris “1g ol A% thZ3r<l CHN-11-3 X

o 468 AHES S $RE Ao BA,

{a) {b)
L -+~ 1L1403 129 e CHN-11-3
- |5
- C46
£ 1.0 - L23 £ 1.0
g -+ |48 g
3 084 ol 3 4.5
© o
g g
O 0.6 o 0.64
0.44— | | 0.44— T 1
06 24 48 06 24 48
Time (h) Time (h)

Y 33. L. lactis subsp. lactis 1% (a)3} L. lactis subsp.
(b)Y A7 T8 S el g4 a8 =,

(7) s20x HAM 9 HAA

O A& Fqto] AP AH o= o]g4d uo= AWHA S & Direct Vat Set

Y22 Freeze-drying processoll St Aol =A% T3 H7}

O 05 % glucoseE 7k M17 (GM17) 4 AH]#] 500 mlE 30 C Oﬂ
AIZE v kst & A EE (4,000 rpm, 20 min, 4 T)&E AlXE
milk 10 % (Oxoid, UK), lactose 3 % (Difco, USA), yeast extract
2 A" A wA 10 mld Fol+ H -80 T =AY E
Fisher Scientific, USA)°l &5 &<t & 7. GM17 LA A & o] &

cremoris 1%

(DVS) JEf & o] &

O/\O1

/1 100 rpm .= 24
23k o]Z t}A] skim
0.1 % (Difco, USA)
(IE2386D, Thermo

af AR Ao A

g F4sta, -80 T9 s471x7] (MCFD8518, IIShinBioBaseCo. Ltd., South

9) Bourdat-Deschamps M, LeBars D, Yvon M, Chapot-Chartier M-P (2004) Autolysis of Lactococcus lactis AM2 stimulates the

formation of certain aroma compounds from amino acids in a cheese model. Int Dairy J 14:791-800



Korea)oll A 24413t &<t &4 Ax3 9 BdE+E 4T

O 5241z Ay Fo dizaz Ay AdTE vugds o, A+ v Log
CFU/g #< HolAY 1 Log CFU/g ®F Zragtdle] wdtsia tix=w2 1914 2 Log
CFU/g 4= *AH b A Aom BAY meEta AR Bl A Akt of
4ol 9 = g A

F 32 21X A Fo| dxod ALTe AIdT

Before freeze-drying After freeze-drying

(Log CFU/g) (Log CFU/g)
Control
1L1403 11.64 + 0.00 10.43 + 0.09
CHN-11-1 10.51 + 0.21 8.83 + 0.13
CHN-11-3 10.72 + 0.11 891 + 0.01
CHN-11-48 10.81 £ 0.19 9.96 = 0.17
Test
L5 1047 + 0.05 10.73 + 0.04
L23 10.80 + 0.17 10.25 + 0.07
L48 11.55 + 0.02 10.49 + 0.08
L56 11.33 + 0.01 10.38 + 0.09
C46 11.64 £ 0.05 1043 + 0.22

3) Tt TR AE-FEaA, T, B84

A oae A= 2l Az S SR A4

=
1
ot

O MEuista sdAEAGhetol T 273t dFE A @99 A= 2d A=z

o Ab-g-<.

- Milkoscan FT2 (Foss Analytical A/S, Denmark)E o] &3to] A =4S A9 S

E 33 A4 @9 A= 2do) AL Ao =4

Composition Contents (%)
Milk fat 3.69
Milk protein 2.99
Lactose 4.58
Solid non fat (SNF) 8.61
Total solid (TS) 12.20

O CHN-11-3% IL1403¢] F+ & %< 1< Control 12 3dFal o] 5 3to] CHN-11-13%
CHN-11-48& F7}gt A& Control 28 3}¢l+. AWs T $EHL C46= L5, 123,



148, 1563 Zbzb 233te] Test 1, Test 2, Test 3, Test 42 3} .

AP a9 A= 2l Azl S dxEd ST FREY 2% 2L FENE 0L
£z 4Y59%

£ 34 AP B9 A= 29 Azl AL UxzEH F7 FRIY
ES A EEY

Group Combination of strains Ratio
L. lactis subsp. cremoris CHN-11-3,

L. lactis subsp. lactis 1L1403
L. lactis subsp. cremoris CHN-11-3,

Control L. lactis subsp. Jactis 1L1403,
2| L. lactis subsp. Jactis Dbiovar diacetylactis| 7:1:1:1
CHN-11-1,

L. pseudomesenteroides CHN-11-48
1 L. lactis subsp. cremoris C46, 73
L. lactis subsp. Jlactis L5 '
5 L. lactis subsp. cremoris C46, 73
Test L. lactis subsp. lactis 1.23 '
3 L. lactis subsp. cremoris C46, 73
L. lactis subsp. lactis 1L48 .
4 L. lactis subsp. cremoris C46, 73
L. lactis subsp. lactis L56 '
O w7 A3k 500 ml YAl FE 9FE 400 ml & 538 F 68 TollA 256 &
Qb At 30T &=FolA oF 307 A=A E 349 dF =FUE A 2 %

. J.

(v/v) BF3star tA] 30C x4 1A77FF A A, 18] 0.2 me] Minisart®
Syringe Filter (Satorius AG, Germany)® JE#a|E STD PLUS 2904l
(Chr.Hansen, Denmark)S d&& =2 HF3 3 2 w7h# o F A AHE 30T
gz AA.

At A3 2~ & o] &3] A=E #5131 Laboshaker R100 (Labogene, South
Korea)S o] €314 10 rpme & 208 %oF wwk ¢k 40 %9 ‘I‘I’zq'_‘ A AG 5 Atk
30 C %42 %% v8) curd washing. THA] 10 rpm e 2 10% EoF wyk 3 QA 2y
(380 g, 10 min, 30 C) 3 A HA] AA. e A L4 Eoﬂ i E %A g o
Al A (1,400 g, 1 h, 30 C). 3 AA & A=E HAJAA A2 (1,400 g, 30
min, 30 C).

Joh
ol:o ofo

ﬂ
N
td
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o

N,
flo
o
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o,
et

L7 &7 T 66% NaCl & o] 55 EoF x| & &



O 3 & %10 C AN, e Hao=m A%x3 30 C A A= 2de dFd %ot
=4,
- e A 99 Az wde) Ax F5e) i 2 AAFS ek E YT A=
FAE 4932 g oA it AAEE 1233 % Do
¥ 35.10 C 230 C 48 A= A9 27| FA G YuF
10 T 4 30 C 54
*3@3* %, *M}a %,
A (g) ( A (g) ° {
w/v) w/v)
Control 1 50.83 12.71 47.68 11.92
Control 2 45.26 11.32 45.87 11.47
Test 1 60.33 15.08 43.12 10.78
Test 2 65.15 16.29 41.63 10.41
Test 3 51.92 12.98 47.68 11.92
Test 4 51.50 12.88 40.82 10.21
-0 A g A= 2d Az 4He 2ags 3.
Pawe millk Wity remeval & Washing [
{10 rpm, 20 min)
¥ 9
Heat treatmant Whey removal
(68 "C, 25 rmin) { 380 g, 10 min)
L d 2
Cooling Whey remeval
32 ) { 1,400 g. 1 h}
¥ E 2
Adding starter Whiey remaoval
{32 “C. &0 min {1,400 g, 30 min)
¥ 9
Adding rennet Brining
(32 "C, 40 min) {10°C, 5 min)
i 52
----- Curd cutting :ﬂm'gam'ﬂ
4

O 34 APA B9 X

(2) T FRT

O 10 C ¢ 30 C
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%0,
rlr
N
=4
N
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O 10 T A A=2E <A 21971A ALl A pH7F 743 c}7F Control 49F Test 42 A

5 28YA el v pH7F &8k +.

0 30 C 4 X= % Control 1, Control 2, Test 3& %A 1Y o3 o= pH7} 4533

=
a1, Test 1, Test 2, Test 45 =7 3Y o] $FH pH7} G533+

(a)
T
-+ Controd 1
-= Control 2
& =+ [est
- Test 2
:'c::. -+ Test3
5 . £ Test 4
-
4 T L T T 1
0 7 14 21 28
(b) Ripening period (day)
7.0- -+ Control 1
6.5 -+ Control 2
- Ted 1
6.0+ - Test?2
E. -+ Test3
5.5- 2 Test 4
5.0+
415 T T T T 1
1] 1 3 5 7

Ripening period (day)
1% 35.10 C (a) 230 C (b) &4 A= 29 pH ¥3} FA

S|
ax

A
M

(3) AA=Z o] §8 M= wae] Ev)y

off

O Heracles I Analyzer (Alpha M.O.S, France)& ©]&3to] A &% 2 &4 7] 7k wh
(o]

E Control + 253 Test Ul Z&9 7 AES B34S,



— Heracles II Analyzers DB-5¢ DB-WAX F 7§¢] Z9 (column)e] &% 7}~ =
2utEady g9le dAx 71724 Combi PAL Auto-Sampler (CTC Analytics AG,

Switzerland)7} #2d o] S
- 7171 AR fA AYAYR e e, e AR A4 20S gdYs 1

o]
.

¥ 36. Rd x=zo Fu HAE EXS Y3 AL AAm mdds} B
z4

Instrument Heracles II Analyzer (Alpha M.O.S, France)
DB-5 (30m x 0.25mm I.d., film thickness = 1.0 um)

Column DB-WAX (30m x 0.32mm ILd., film thickness = 0.25
L)

Carrier gas Hydrogen gas
50 C (2s) > 1 C/s > 30 C >3 C/s > 250 C

(21s)

Injector temp. | 200 C

Detector .
260 C

Oven temp.

temp.
Detector Flame ionization detectors (FID)

O 10 ml9] vialell 97 1g9 A= A5 70 ColA 20% &<t pre-incubation ¥ vial®]
headspace H-%°l|l A4 auto-samplerE ©] &3l 3] AES injectord] 3. TENAX
adsorbent trap= &34 1t w5 AW L= T4 7F2 oA F Uhe AH
of B3 ko7 o]Fsly R %= FAlol Flame ionization detectors (FID)ol| <]}

A A .

O F 7MY A" 93] AAE ztzre] mRulE WL Alpha M.O.SAMA AF3st=
AroChemBasett= AZE oo oJdfA A5 A,

O 10 C A »d =& X3 A3 DB-5¢ DB-WAX Z & X 5o A Control 715X
o} Test T1&F2] F0] A& £

- DB-5% #A % Control L& 9l A+ ethanol, butane-2,3-dione, acetoin®] 7% ] aL
Test 214l ethanol, butane-2,3-dione ¥%+ o}ug}  3-methyl-3-buten-2-one 3

methyl! isothiocyanate”} =75 A .

- DB-WAXZ 4% Control 1+ °| 4+ 3-buten-2-one, acetoin, formic acid’} &7



HAx Test IFolA+= 24 dimethylfuran, 1-propanol, 2-methyl-, isopropyl

isothiocyanate, methyl isothiocyanate 5°] F7}2 WA EAS

- 10 T %4 0 F=x}ol = methylethyl formate, 2-propenol, methylbutanone %°| =<
FAZ TEHoY w4 4 FARAE o AEES A9 AAE. dialel
butane-2,3-dione, 3-methyl-3-buten-2-one, methyl isothiocyanate, formic acid’} %73
71ZF Tl F7hek Ao ® geld

030 C &4 29 (2= 10T 54 29 = Hs&) Zn] A
Homw 10 C A4 2d X Zo|A e npz x| =2 F e 4
BT} Test ZFolAel T07F 6 gddS.

ol t% gkstA &2l
d oA Cotrol 15

- DB-5Z EA% Control IFolAi= ethanol, butane-2,3-dione, acetoin,
1,3-dimethylcyclohexane, 3-methyl-3butanol, heptafluorobutyrate’} ¥ %31, Test
gl 99 570 Fv] AE9l o] methylbutanone®} methyl isothiocyanate”’} 5714
o2 WAL,

- DB-WAX=Z #2¥ Control L&A+ enflurane, 3-buten-2-one, butane-2,3-dione,
methyl isothiocyanate, acetoin, formic acid, ethylene glycol®] WA= a1, Test L&l
X+ Control ZZFolA =A"E AE olle] 1-propanol, 2-methyl-, isopropyl
isothiocyanate, 3—-formythiophene, methylbutanone®] F7}= WA %A

o

- 30 ColA 713t Ak nd =5 7Y Bk SE3] gkt T AR q =
0Lt = BE IFollA =2 4% 2 methylbutanone¥} enflurane©] ¥ & 131 Test 1
7} Test 20A%=  Z7]o]  3-buten-2-onec] TAFHJTIE AR S. Al

butane-2,3-dione, acetoin, methyl 1sothiocyanate, 1,3-dimethylcyclohexane,

v o

O

3-methyl-3butanol, heptafluorobutyrate, formic acid, furfural, ethylene glycol®] <43
7)zbel b F7hS



(a)

Control 1-DB-5

(b)

Control 2-DB-5
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Retention time (s) Retention time (s)
(e) U]
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2 i 3z 2 2 £ ]
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19 36. DB-5 ZH2o2 E4% 10 T €4 A29 A=wETY.
Control 1 (a), Control 2 (b), Test 1 (c), Test 2 (d),

Test 3 (e), Test 4 (f).
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Control 1 (a), Control 2 (b), Test 1 (c), Test 2 (d),

Test 3 (e), Test 4 (f).
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13 39. DB-WAX ZH o2 43 10 C 4 A2 AZvEIHA. Control

1 (a), Control 2 (b), Test 1 (c), Test 2 (d), Test 3 (e), Test 4 (f).



= 37. AARE o83 THT Fv) 4B T2
Control group Test group Formula Sensory descriptors Reference
Acetoin Acetoin C4H802 Butter, Coffee, Creamy Arochembase®
Butane-2,3-dione Butane-2,3-dione C4H602 B}itter, Caramelized, Creamy, Fruity, Arochembase
Pineapple
Ethanol Ethanol C2H60 Alcoholic, Ethanol, Pungent, Sweet Arochembase
Formic acid Formic acid CH202 Savory FEMAP
3-Buten-2-one - C4H60O sweet Arochembase
Alcoholic, Bitter, Chemical, Glue,
1-Propanol, 2-methyl- C4H100 Leek, Licorice, Solvent, Winey Arochembase
2,4-Dimethylfuran C6H8O Onion, Galic, Leek Villiere et al, (2015)
10T
https:/ /cameochemicals.n
2-Propenol C3H60 Mustard oaa.gov,/chemical /2357
3-Methyl-3-buten-2-one C5H80O Alcoholic, Etheral Arochembase
Enflurane C3H2CIF5PO | Etheral, Pungent Arochembase
Isopropyl isothiocyanate C4H7NS Savory FEMA
Methylbutanone C5H100 Camphor Arochembase
Methylethyl formate C4H802 Fruit FEMA
Methyl isothiocyanate C2H3NS Nauseating, Toxic smell ]aDluq(L;(e;,Ol()Zarmenza, o
1,3-Dimethylcyclohexane 1,3-Dimethylcyclohexane C8H16 Perfumery Arochembase
3-Buten-2-one 3-Buten-2-one C4H60O sweet Arochembase
3-Methyl-1-butanol, 3-Methyl-1-butanol,
heptafluorobutyrate heptafluorobutyrate COHILF702 Fatty Arochembase
Acetoin Acetoin C4H802 Butter, Coffee, Creamy Arochembase
Butane-2,3-dione Butane-2,3-dione C4H602 Bgtter, Caramelized, Creamy, Fruity, Arochembase
Pineapple
Enflurane Enflurane C3H2CIF5PO | Etheral, Pungent Arochembase
Ethylene glycol Ethylene glycol C2H602 bittersweet Berman et al, (1957)
Ethanol Ethanol C2H60 Alcoholic, Ethanol, Pungent, Sweet Arochembase
Formic acid Formic acid CH202 Savory FEMA
30C Methyl isothiocyanate Methyl isothiocyanate C2H3NS Nauseating, Toxic smell lj]uq(ggbl()iarmenza e
Alcoholic, Bitter, Chemical, Glue,
1-Propanol, 2-methyl- C4H100 Leek, Licorice, Solvent, Winey Arochembase
https:/ /cameochemicals.n
2-Propenol C3H60 Mustard oaa.gov/chemical /2357
3-Formylthiophene C5H40S Floral, vegetable Arochembase
3-Methyl-3-buten-2-one C5H80 Alcoholic, Etheral Arochembase
Enflurane C3H2CIF5PO | Etheral, Pungent Arochembase
Furfural C5H4 _ Almond, Bread, Sweet Arochembase
Isopropyl isothiocyanate C4H7 Savory FEMA
Methylbutanone C5H100 Camphor Arochembase




a

Database provided by electronic nose manufacturer (Alpha M.O.S, France) which 1is linked with NIST database
(http://webbook.nist.gov/chemistry).
b FEMA;Flavor & Extract Manufacturers Association.
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(4) A= mAANA B AFY 9

-

O Quantitative real-time PCR (qRT-PCR) S o] &3] = oMo F A

= oeleh

- Control 13} Test 1, Test 2, Test 3, Test 4 x| =o| A 2] L. Jactis subsp. lactis ¢+ L.

lactis subsp. cremoris ¢ TFE el

E 38. qRT-PCRO) AHE-E Ze}olm] HH

Target ™ | G | Amplic
subsp | Primer Sequence (5'-3) (C) C on Reference
ecies % (bp)
| ]15:th83 QQZA‘GAATTTTCAGAG 405 | 27 Beimfohr,
3cS Thiss | ATTTAGAATTGGTTCA | 151 | ag | 0 | og8 "
R AC )
68FCa3 | GATGAAGATTGGTGC
cremo | 3 TTGCAC 585 | 47 ol ﬁeratFte}e)?g
ris 16SR30 | CCTCTCAGGTCGGCTA 604 | 55 "2005
8 TGTA :




55 cycle

< >
2min  10min | 15sec 15sec S0sec Ssec 0.5°C/eycle
| 1
]
95°C a5°C
72°C
50°C 46°C
40°C
[b] 55 cycle
& ~
< -y
Zmin  10min |15sec 15sec S0sec Siee 0.5°C/eycle
| |
|
95°C 95°C
72°C
50°C 55°C
40°C

19 41. lactis (a) ¥

® 39. qRT-PCRE B3t Lactococcus lactis subsp. lactis 75 &<l

4°C

-

4o

cremoris (b) A5 &AL 93 qRT-PCR A3 AA

Ripening Lactis concentration (Log CFU /ml)
days Control 1 Test 1 Test 2 Test 3 Test 4
0 6.53 8.44 7.72 6.07 5.56
3 7.60 8.93 6.10 7.20 6.01
7 9.43 8.98 6.65 7.59 6.35

E 40. qRT-PCRE T3 Lactococcus lactis subsp. cremoris 35 &<l

Ripening Cremoris concentration (Log CFU/ml)
days Control 1 Test 1 Test 2 Test 3 Test 4
0 4.04 6.52 6.48 5.75 6.42
3 4.02 5.61 4.76 6.28 6.48
7 5.85 5.97 497 6.16 6.51
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E 41. £33 49 colony morphology 2 catalase, gram test 23}

swan | ) | coor | g | M | ngprseey | e | g | morloss | 5 | onim
1| Ml round (“—/‘;I%’tr% 1 ++ - - + cocci 30 }\i%%zo}
20 M3 round LR <1 ++ + - + cocci 40 H%%XOEH
3| M6 round = <2 ++ + - + cocci 40 }\1%%;?1
4| M7 | round R <3 ++ + - + cocci 40 "1%%10?1
5| R4 round £ <4 ++ + - + coccl 40 }\L%Xjﬂ
6 -2 | roush | g | 1 - - - " Rod | 40 | U5
7| 13 | rough | o & ga | 1 - - - + Rod | 40 | ¥5
8| HV-1| round o}?];&a] 1 ++ - - + Rod 40 g}%
9| HV-2 | round 4 <1 ++ + - + Rod 40 g%
10 ME_ round (W_ggre) 1.5 ++ - - + cocci 40 g}%
11 MSH_ round (\Y%%Te 1.5 ++ - - + cocci 40 g}%}
12 M,I{V round | o}°]R.g] 1 ++ - - + cocci 40 g}%
13 MV round | S He | 1| - -] s Rod | 40 | U35
14| S-1 | round = <1 + + - + cocci 40 }\111%;;”
15 S-2 | round 9 <1 + + - + cocci 40 /\1%%2?1
16| S-3 | round Nk <1 - + - + cocci 40 }\g%zjﬁ
17| S-4 | round Fr <1 + + - + cocci 40 HE%EH
18 SV17 | round | obelmal | 1 | ++ - - + cocei | 40 | “LEM
19| SY17 | round | ofelmg] | 1 ++ - - + cocci | 40 ‘Eﬁ
20/ SV27 | round |ofolmal | 1 | ++ - - + cocci | 40 ‘Lﬁxﬁ
21 SV22_ round | o}o]R g 1 ++ - - + cocci 40 7\1%%20?1
22| SV-3 | round 9 <1 + + - + cocci 40 /‘1%%%?1
23 MS-2 | round | %4 <1 + + - + Rod 40 ‘E]ﬁ
24) MSV | Lound |ebelma) | 1 | 4+ - - + cocei | 40 | “LEM
25 MSV | round | efelmgl | 1 ++ - - + Rod 40 iéofﬂ
26 BV-1 | round | g3 5y | 15 | ++ - - ¥ Rod | 40 |
27 Mg_ round (\N_%lg% 1.5 ++ - - + cocci 40 %211
28 Mf)_ round (“_glgre) 1.5 ++ - - + cocci 40 giﬂ
2ol MBV | round | ®W | <1 | - " - " Rod | 40 | 33
30 MS-1 | round | FW | <1 | + + - + Rod | 40 | 33
31 Mll{_ round 5 <1 ++ + - + cocci 40 %u%i
32 M_%V round S 1.5 ++ - - + cocci 40 %fg
33 BV-4 | round | S5y | 1 | ++ - - ¥ Rod | 40 | 2




(B)

Lactobacillis delbrueckii subsp.
bulsaricus

(C) | (D)

Lactobacilhius rhamaosiis

Streplococcus thermophifus Lactococcus lactis

a9 42, HE fAdE #FY 2FIdA AR
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L Zzvlolods Fu itFe] 3345 %7t
D Zzvtelogs Fu itFe A U@ FEed 58 4%

O FAE gAste=d Fa3 Ut 5 el Sweptococcus mutanss 7. Straine S mutans
ATCC 251758 S mutans ATCC 700610 A&

T el

ki3 A

£y
il
o,

1
¢}

L)

o|\

(1) Agar well diffusiong &

e

O BHI agar plateZ base agar® AA8tiL, S mutanss 10° CFU/ml 2.2 0.8 % BHI soft agar

of HFE3 3 base agar A% F-io| HF5lo] 2417F Bt 23], Agar’l FH3] ZUS o, well
S w3 7 wellol 10° CFU/mIFF 2k s el o] A& oS 100 ul HE3 3 48 A)7+ 37 Coll
A Z7|2 A

O S. mutans ATCC 700610¢] 7%, colony7} agar plate’doll A =e}A] o} el Erlsdta <.
¥ 42. S. mutans ATCC 251759 digk Zt ZEnlo|e g Xx T8 FF9 JA4EA T
2
Species Strain Diameter of the inhibition zone (mm)?®
Cell suspension Cell supernatant
L. rhamnosus GG ++ -
L. fermentum KM6-5 - -
L. fermentum LM15-1 - -
L. fermentum LM16-10 - -
L. gasseri LM&-5 ++ -
L. paracaser LM1-1 + -
L. paracasei LM1-3 ++ -
L. paracasei LM3-5 + -
L. paracasei M9-1 +++ -
L. plantarum KM14-5 ++ -
L. reuteri LDTM7503 - -
L. reuteri LDTM7504 - -
L. reuteri LDTM7505 - -
L. rhamnosus HM15-5 + -
L. rhamnosus HM26-1 + -
L. rhamnosus LMI11-1 ++ -
L. rhamnosus LM14-3 + -
L. lactis subsp. lactis LDTM6801 + -
L. lactis subsp. lactis LDTM6804 + -
P. acidilactici LDTMb5201 + -
W. cibaria LDTM8901 - -

+++ > Tmm; ++, > 6mm; +, < 6mm; -, no clear zone
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O S mutanse 7% 79 sucrose £ o] = , ol djAtel o] &3k T A
biofilme F/d ZEHO]QE A W 5 dF o] S mutans’t @748k biofilmel oW g

FFE VA=A Pobi,
(1) S. mutanssh Tzutol 982 Fu FF FFAL BA Al A

O BHI brothell 02 % sucroseE #7}3 brothE A|2}s}al, overnight culture ¢+ S. mutansE
washingsle] WA 8-S 25 AAS & harvestsle] BHI brothell 0.2 % sucrose’} %7+
brothZ 10° CFU/ml —fro 2 15E ézq??} 96 well plateoﬂ ;L_ﬁ} Z49 S mutans 100 ul¥}
X Enlo] QYA SH

O
% crystal violet assay% £3}o] biofilme] %< %7@ %L.

T8 =

R R A ff R A

198 43. S. mutans®t A ZTE2ulo] Q€A W FF HJl Al JEYE biofilm
BA = (a) S. mutans ATCC 25175, and (b) S mutans ATCC 700610

O A7t M A= FFEE AABH] $18k control groupl® ZRufo] Q€A TR G S
4l BHI brothE 37}k

i
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(2) S mutansE WA 24 A13F 8 %3sEe] biofilme A A7 &,
FEAE At As Al

O BHI brothell 02 % sucroseE #7}3t brothE A|2Fstal, overnight culture $F S. mutansE

washingslte] wiA| AES 5F #7433 harvestdle] BHI brothel 02 % sucrose’} 371

broth® 10° CFU/ml 5208 75 243 96 well plated] 757 249 S mutans 100 ul<

Ak $ 37 C, 571% 24 Azt Hoo??} )ZDL%’H =3 Xﬂﬂﬁ} Zulo] QEl FH T S

100 WS HE3HaL 37 C, 3712 24 A7 F&F mj %k & crystal violet assayS &3+ biofilm2]
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39 44. Biofilm 84 ¥, TZulo] o€ X2 3T H FF7} biofilm #3d HlX& I
(a) S. mutans ATCC 25175, and (b) S. mutans ATCC 700610

O ®iA7F mA= d@&dE A7) 18k control groupo. 2 ZZHOJLE A FH I FF

thAl BHI brothS #7}3t.

3) XEulo|QEl A~ I H w9 S mutans 7+ co-aggregation & &<l

O ZZupo] el A= BN nAEI} aggregation 3F0], 3'F M AE9] F2F receptor F-5< block
A PozA HIAd nAEe] FAe U 5= g old wEt S mutans$t ZZnBo] QL ElA
=

T #5719 aggregation A LS Felale] TEulo)|QE A TR HF9] co-aggregation & H S

13k
(@) & mutans ATCC 25175 (b} 8. mutans ATCC 700810

10+ 15

§ 8
B

g 2 ]

2] [1

: g

g ¢ g

g i

: ¢

I 45, TE2ulo]E A 3R dF S mutans®] W3 co-aggregation &=

25175, and (b) S. mutans ATCC 700610

@)

(a) S. mutans ATC

O ZRulo)QElA ZW #F¢ S mutans B 10° cfu/ml (600nmol A &33% 24 A LO)E #5

£ SUAYT B FE cocultured. B A, TA Y 45 RS 53 5] 600nmel A
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A& AFESto] 48A17F FF Tl SR

oo o R E &) e Aoldk F2Y (colony)E AEste] zHzF MRS broth <F
10 % Lactose #7F M17 brothell Alt] wjFsle] &4 #2]& g<lsla, 35 % HZOZE
An|F o= FEHE &
%

o] &3 7l o]= (Catalase) A HS I 17 IS 3 & 5-0]
oAY 23 stgdel= S4B Od FAHe o e hdE At s
A4 W5

% (v/v) =8l E°] 3Hr¥ MRS brothel @ ste] -80 CTell &4

Ao FAALeNA FHT Th] AFTRAF AFAA F 30949 vEY B
o

g At FIE 71 RN STl el A Vs s b7 AsiA e <
Ao ashridol M AEstefol st g At B qkxl el Znkek Zzule] o
2 54 Aol v e
wel g 399709 fakt e g ~Add s flE FEE SAS o8 WEEAd
A A

F2 03 % (w/v) oxgalle] H7Fd MRS v Aol 1 % HF3}
aL, Al oxgallo] H7FE A @2 MRS wiAol= 22 Fo=m JF3 § 37 T 57]
v okl 12A17F vk & B33 3 %A (SPECTROstar Nano microplate reader, BMG
LABTECH)Z 600 nmeol A ¢ F# =2 =439 oxgalls 784 &S MRS HI A
of wjest T2 FFEE control oz A&

AR GO WHEHS obdle FHow HEFAL.

0.3 % oxgallO] #7}El MRS B EZ = (600nm)
X 100 (%)

oxgall0| H7tz|X| 2 MRS HH¥He| EF X (600nm)

a9 46 4HE WEEA S



O Overnight Bl ¥ F2HFFE pH 3022 A" MRS wiA o 1% HF3sta 2
§7] HHo]:tsL HHook Z‘jﬂ]— HHook z}zgg /\:]:J% 7]
drop plate method= 7 &gt i A {2+
=

= A3l AEE (%, survival rate)S Ak

@ oo 2A1%F W Fo

pH 3.0 MRS HHX|Ofl A 2A|ZF BHQF = HZ2 4= (CFU/m)

A7

A

Zb @A 3 A ske] MRS aLA] Hl A ol A
A

Survival rate (%) = X 100

pH 3.0 MRS B{X|Ofl A Hi R T O] dd == (CFU/m)

39 47. pH 3.0 A ¢ AEE& A=

O WHEA 2 WA 2 9% BP0l BF AFHE ANH oz F3he] Fol} glo
BE % EoH9l 5Yow welstolof kA 2t Fol B WEH vl @RI =
ASHA ek A, Wi FEE AARA AFhe A Fe]l BEF, a3y B ks
59 ol fE 99 F A AEAS Bal Qe G Ao 50 %F FOR sho] AE
&0 50 % o4l FEE WA, WHFHCl sty nFse] Ausde

o W

al
A3 5670 FAFEF7E pH 3.0014 &S] 50% o]l AS A3

i)

&Y

w

%}

%}

)

ofy

i’

/N

ox,

=

>,

ox,

o

e o
> r
M

N

O AE3 FATFF £ 567 5 45 E AYsta tE strainl 2 FAHY = 4157

A4 A Ay 39970 FF T 124702 FF7F 50 % o]l Ao et o] 124
Adste] Ui 8-S F712 A8t 124709 w59 dabd Ad

ofy %

Az A

el A-st == 16s tRNA sequence 412 F3 57433 <. Universal primer %

.

ol 27F (5-AGA GTT TGA TCM TGG CTC AG-3)¢} 1492R (5-TAC GGY TAC
CTT GTT ACG ACT T-3)E 9] &3} Macrogen (South Korea)ol 29 siA A<
S oty S. selwl 49L& National centre for Biotechnology Information (USA)2]
BLAST AH|2~E o] &3] GenBank dHlo]EHo]29} Hlaulsle] 99 9% o] &2

= = o
s s A4S

574 Az

rr

e 22

plh

F 417 B Y % REY A

10) Chiang, S. S., and Pan, T. M. 2013. Beneficial effects of Lactobacillus paracasei subsp. paracasei NTU 101 and its
fermented products. App/ Microbiol Biotechnol 93: 903-916.

11) Berardi, C. W., Solovey, E. T., and Cummings, M. L. (2013) Investigating the Efficacy of Network Visualizations
for Intelligence Tasks. /EEE 278—283

12)Palachum, W., Chisti, Y., and Choorit, W. (2018) In—vitro assessment of probiotic potential of Lactobacillus
plantarum WU—-P19 isolated from a traditional fermented herb. Ann Microbiol 68: 79—91.



¥ 44, AEE FAT g #

WeEE4d (%) 2%

A s (%) Y (%)
Enterococcus faecium
M7e-1 59.49 79.66
M7e-4 59.13 60.16
M7e-5 56.05 81.51
MCL-2 78.42 89.80
MCL-4 99.35 70.91
ECL-4 69.69 50.91
CLE-3 63.02 72.31
MOh-3 59.90 73.33
MOk-2 62.41 64.10
Mm-4 69.32 94.59
M7k-1 71.91 74.51
L. previs
Mj-1 87.37 60.00
Mj-3 108.64 81.82
B4 59.76 94.59
RS8 80.20 53.49
H219 53.15 85.57
L. harbinensis
Mo-1 52.62 72.50
L. casei
pml 67.66 55.45
L. paracasei
Mm-1 55.86 63.18
Mo-5 58.42 152.94
Mr-1 72.82 83.33
L. plantarum
Mo-4 65.47 60.00
MOu-3 66.85 124.00
MOu-4 54.84 72.00
Mu-4 51.88 89.29
M7u-1 66.59 88.24
M7u-2 54.38 128.00
Lactococcus lactis
EOI-8 73.63 55.42




Pediococcus acidilactici

EK-1 57.11 58.67

BC-5 59.00 67.50

NG-4 121.59 115.00

GG-6 53.47 70.67

GG-7 55.38 83.18

JO-2 59.90 91.23

SK-5 65.72 64.00

RO3 73.56 120.90

H63 56.83 153.85

Pediococcus pentosaceus

HS-1 74.70 116.67
Weissella cibaria

MOG-1 82.42 75.00

Bu-3 53.34 52.54

HS-2 55.88 100.00

OI-4 55.16 61.54

P6 57.94 50.19
Weissella confiisa

MOG-3 56.33 100.00

CO-4 103.33 54.55

Sk-2 95.07 63.00

Sk-3 84.85 62.16
Weissella hellenica

WKC-4 53.01 55.38

O dnkA o7 AFo A F8gt w5 5 Lactobacillus 2 Ry e A es s4e
§ &Fol 4§ 7k o g Busy]) AT by AERA £ B A%, A of

O Hemalytlc sctiity 8 Bogenic amine O Antihiotic suscegiibeimy
predsciian

9 48 A A9 AR

O AMHE 4859 &3 &4 ofF &1L (F) 7|4Hlo] L2 5H 5 % (v/v) defibrinated

sheep blood”} 71 agar (MB-B1005-P50)E F+3ste] A&k 7 S w3t &
blood agarell streakingdle] 37 CollA 49 &<k &7] vl & £33 A o7 &

2351 . Positive control2 % B-hemolysis &4 & 2t Enterococcus faecalis ATCC
292125 AM&3%.

O Y A, AW FF 48F BF £

m {
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gl FEHAL FhuEE S Al
Aol M= A 487
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O AA oyl WA ofRZE steldtr] 9al Bover-Cid and Holzapfel (1999)e) ¢]a] ar¢k#

A 2=2AES ARgskda,  #1el dl 7R AA obdle] AFrAI)l histidine
monohydrochloride, tyrosine free base, ornithine monohydrochloride, lysine
monohydrochloride (Sigma-aldrich, USA)E % 7}&}e] 4|3t Overnignt Bl $FE 23
T A8FZ v Aol streakingdle] 44 7F 37 Coll &7] ik 3 wfx o] M A3 A=S
F3ll Ak, mA el 2= o] = bromocesol purple®] indicatorZ 4 A}
o] ofyl A¥o] AAE AHE RIMom Mzo] W3 Positive control® &

Enterococcus faecalis ATCC 292125 Al-8-3}3 <.

Y A, AEE G 48F F MOh-3 #FE AT RE #F7 A ok e
A e Ao BASAS. e 29e §8 B4 L AA ofyl A AW A oA
g ehd 29,

19 49. 88 24 438 23 (9F) 2 A
ofel B A 23 (LEF) dA

i #121 LSM (LAB susceptibiltiy medium)& A}&3t51S. LSM z=
Isosensitest broth (Oxoid), 10 % MRS broth, 1.5 % agarS ¥3Fsh X ¥ T
At S EeE HEo® LSM wiAlo] =2k & FAAVE 48 g2 FrEo] U=
ZFo] tJ~=3 (Oxoid)E dispenser® ©]-&3Fo] vi#] $Jo] &o]aL 37 C ot
37] wi sk



O AMgH Al T/ 2 F&& oy xe Zom 1 7]F& NCCLS (National
Committee for Clinical and Laboratory Standards Institute guidelines, 2010)°l #|A] €
Aol wel 718 3ksl .

E 45 FAA WA A% FA o) AW FAA FF L BE

=
A A T= £
Tetracycline 30 ug/mL TE30
Erythromycin 15 pg/mL E15
Chloramphenicol 30 pg/mL C30
Ampicillin 10 pg/mL AMP10
Kanamycin 128 pug/mL K128
Streptomycin 128 pg/mL S128
Gentamycin 120 pg/mL CN120
O A% A3}, Mie-59 CLE-3, 2704 &7} Aol o] i Aoz Slwsin o
W2 457 HFE B Ao AFES A Aol §le Aoz gy, o &

A 457) o] b HY Ads AR A

¥ 46, AEA FATY AL A AF
No sample Antibiotics susceptibility Hemolytic Biogenic amine
name T(I;)S ESl C30 S128 Al\gPl K812 CN120 activity production
1 MT7e-1 S S S S S S S Negative Negative
2 MT7e-4 S S S S S S Negative Negative
3 MCL-2 S S S S S S S Negative Negative
4 MCL-4 S S S S S S S Negative Negative
5 ECL-4 S S S S S S S Negative Negative
6 MOk-2 S S S S S S S Negative Negative
7 Mm-4 S S S S S S S Negative Negative
8 M7k-1 S S S S S S S Negative Negative
9 Mj-1 S S S S S S S Negative Negative
10 M;j-3 S S S S S S S Negative Negative
11 H219 S S S S S S S Negative Negative
12 B4 S S S S S S S Negative Negative
13 RS8 S S S S S S S Negative Negative
14 Mo-1 S S S S S S S Negative Negative
15 pml S S S S S S S Negative Negative
16 Mm-1 S S S S S S S Negative Negative
17 Mo-5 S S S S S S S Negative Negative
18 Mr-1 S S S S S S S Negative Negative
19 Mo-4 S S S S S S S Negative Negative
20 MOu-3 S S S S S S S Negative Negative




Negative

Negative

MOu-4

21

Negative

Negative

Mu-4

22

Negative

Negative

M7u-1

23
24
25
26
27
28
29
30

Negative

Negative

M7u-2

Negative

Negative

EQI-8

Negative

Negative

EK-1

Negative

Negative

BC-5

Negative

Negative

NG—4

Negative

Negative

GG-6

Negative

Negative

GG-7

Negative

Negative

JO-2

31

Negative

Negative

SK-5

32

Negative

Negative

RO3

33

Negative

Negative

19p]

H63

34

Negative

Negative

HS-1

35

Negative

Negative

MOG-1

36

Negative

Negative

Bu-3

37

Negative

Negative

HS-2

38
39

Negative

Negative

OI-4

Negative

Negative

pP6

40

Negative

Negative

MOG-3

41

Negative

Negative

CO-+4

42

Negative

Negative

Sk-2

43

Negative

Negative

Sk-3

44

Negative

Negative

WKC-4

45
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HA 2 Paper disc

A

3

ol

A
B

O 397}

A A+ 6% (Escherichia coli K88,

Staphylococcus aureus ATCC 25923, Pseudomonas aeruginosa PAO1, Enterococcus

ofy

faecalis ATCC 29212, Listeria innocua ATCC 33090, Listeria monocytogenes KVCC

A v A& 1% (Campylobacter coli ATCC

K

o}
=

o
R

3 IBDe] o=

BA0001449)

33559).

1% 50. Paper disc assay 28 o

el

o

ol

9] strain ©|

Ay A
It



¥ 47. Paper disc assayS o] &3 7S AY A

No. Species Name SA K88 EF LM LI PAO1 C.coli
1 E. faecium M7e-4 + + + + + + n
2 E. faecium MCL-4 + + + + + + n
3 E. fecium ECL-4 + + + + 4 + 4
4 E. faecium M7k-1 + + + + + + 4
5 E. faecium Mm-4 + - + - + + +
6 L. brevis RS8 + + + + w + "
7 L. brevis H219 w - - + - _ _
8 L. brevis Mj-1 + - + + + + +
9 L. brevis Mj-3 + - + + + + 4
10 L. brevis B4 + + + + + + n
11 L. casei pml W - - - - _ _
12 L. harbinensis Mo-1 + + + + - + "
13 L. paracasei Mo-5 + W + + i n n
14 L. paracaser Mr-1 + + + + + + +
15 L. paracasei Mm-1 + + + - + + +
16 L. plantarum Mo-4 + W + + ¥ 4 n
17 L. plantarum MT7u-2 + + + + + + n
18 L. plantarum MOu-3 + + + + + I +
19 L. plantarum Mu-4 + + - + + + A
20 | © f{ijﬁj::m EOI-8 . " N + v . .
21 P. acidilactici RO3 + w + - W - _
22 P. acidilactici H63 + - - + - - .
23 P. acidilactici EK-1 + - + - - - ¥
24 P. acidilactici BC-5 + - - + + " +
25 P. acidilactici NG-4 + - + + - + +
26 P. acidilactici GG-7 + - - - - - ¥
27 P. acidilactici SK-5 - - - - - _ _
28 P. acidilactici JO-2 - - + + - - W
29 P. pentosaceus HS-1 + + + + + I +
30 W. cibaria P6 + - - + - - W
31 W. cibaria MOG-1 + + + + + + +
32 W. cibaria Bu-3 + + + + + + +
33 W. cibaria OI-4 + + + + + + 4
34 W. cibaria HS-2 + + + + + + +
35 W. confiisa MOG-3 + + + + + + ¥




36 W. confiisa CO-+4 + - - W - - n

37 W. confiisa SK-2 + + + + + n n
38 W. confiisa SK-3 - - - . _ _ _
39 W. hellenica WKC-4 + + + + 4 . N

K88, Escherichia coli K88; EF, Enterococcus faecalis ATCC 29212; LI, Listeria innocua
ATCC 33090%; SA, Staphy]ococcus aureus ATCC 25923; PAQO]L, Pseudomonas
aeruginosa PAOL; LM, Listeria monocytogenes KVCC BA0001449

+, > 1.0 cm; w, < 1.0 cm; —, no clear zone

(@) A fAEF A AT gl

o] %"?}‘ETJ xhﬂx%sl/\—] gt ?ﬂtﬂsﬂ_Lj 2,10 g 2 él?j‘ﬂ]/ﬂ}_

ZFo g sl Afa o] g o943

|
m
m rU
2
m”é
O
o
i_.
>

ol

1__

Relative adhesion rate (fold)
w

\9&‘5\ ﬂué}p é}}‘é‘? éé‘} UV R 4&“‘% &
a9 51 AdE fFATFY F AXd g3 AUy RIAFs A5

12 2S£ 167) #5F F MTe-4, MCL4,

M7k*1, Mmf4 Mrl Mrs, B4, Mr-1, NG-4, HS-2 107} #3%7} LGGell ]38 $-<9 4

o7 %—3 ‘:'X]—.__O_ 7].;]&: A

4) 71574 HAs< A% Fakdse] HF A
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A, 4 W tight junction protein
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ofpy

%0

Culture condition®
Aerobic

Anaerobic

Morphology
Cocci
Rod
Rod
Cocci
Cocci

Gram
staining
(+/-)

Catalase
test
(+/-)

=

Origin

Strain
M7k-1
B4
Mr-1
NG-4
HS-2

16s rRNA
sequence
analysis
(Closest known
species)
FEnterococcus
faecium
Lactobacillus
brevis
Lactobacillus
paracasel
Pediococcus
acidilactict
Weissella
cibaria

0.

¥ 48.
N

@ | FROON D) RUTHSS Ep0
asoyFvL-d
BEORAT-O
AROUFHILL-O

asoUL Y-

0TI RO

AN

FS0RNS) SS0IRI 1YS-0
asaiqiian-d

(uifie auiAon) #5013%7-0

spmouiuidouue -go- e
BHIHOS-0

WY

FP0GI0S-T
FSTUNE - O
ASOIAK -0

SSOUT Y-
[CIEETR T

ASUPISOIN)-¥
SSUPISOULITLL -]
asepiuEsoIn|b-g- e -py

asvpisopveb-q
IsPpEoyaRjeb-0
18-S eayden
aseyedsoyd pray)

Ble  ox
= = e
LR $
HE
=T
Sl via
Bl3mg2T
AR
Sfa.mm.nc
[T I

A

[e)

=

3}
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spo] A}

S

AL

[e)

a4 profile
=

=

o)
API 50 CH kit (BioMerieux, Marcy I'Etoile, France)

API ZYM kit (BioMérieux)

-

R

I9 52 AddE fATEFY 7 2E
st A

o
ofy

Ay

2 strain®| o}

o

1L 16s rRNA sequencing A3
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A3

6) HAF AHR FAe I HS
O %Al a3t paper disk assayE &3 it THol Av FATTFE AT AEIAS.
2 A= HF Adg AT 3 Es A dFd LGG vlaLste] 3 F 8t
7] 913l agar well diffusion assayS AEE T 5o el F71H 02 Al A &

¥ 49 AT HE FAT A& AF 2ol

g g 98 9d9y 99 F (mm) W A43" (mm)
Himme:
C coli HFP a 4] A EF LM LI Fall

MTk-1 17640.09 142401 1.63+£0.15 1.8140.15 Larpoz 16402 1494006 1514008 1.434007
B4 LE2+0.12 = = 1764011 1.53+0.05 - 1714013 15940.08 1.764011
Mr-1 2.5+0.25 15+£007 1.51+0.08 1.9240.08 1714005 1294004 1634001 1584005 1.75+0.0E
Hi-4 2051019 1.5410.05 2281013 1492011 1.540.04 1441012 143013 154+0.08 1.BAX0.08
HS-2 1015 1741021 1.E9+0.11 1.63+0.13 148007 124008 144+0.1F  159+0.03  1,33+0.09
GG 2574019 1.58£0.1 1.7210.16 1.7210.18 1.7£0.04 1414015  15&£004 1454006 1.78+0012

& C. coli;, Capmpylobacter coli KTCC 15212, HP; Helicobacter pylori KTCC 12083,
CJ; Campylobacter jejuni subsp. Jejuni ATCC 33560, K88, Escherichia coli K88

b SA; Staphylococcus aureus ATCC 25922, EF; Enterococcus tiecalis ATCC 29212,
LI, Listeria innocua ATCC 33090, LM, Listeria monocytogenes KCTC 13064, PAO1;
Pseudomonas aeruginosa PAQO1, Lactobacillus rhamnosus GG, a commercial lactic

acid bacteria, was used as a standard reference culture,.—; no clear zone

a9 53. Agar well diffusion assay 2@ A3 oA

3 A¥, B4 #FE ALt U A 4] #F BFolA LGG Bt ek A v s
S o] < .
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O & AdolM = mouse in vivo A3 FF AdAM e 7158 a3 7hsAdE 7IHEH]
_]
o

154 7} - mouse cell line

[e}
3l mouse cell line®} human cell line A& R Ao A A= g2 713 7] 54

Hlo]| S8l A2 Msls A A

)

o
}\}\ .

HooAge] ALEH RAW264.7 cell line2 w2 WAAXYSFT (Mus musculus
macrophage) =, St AHFSA T AEAYAE (KCTC, Korean Collection for
Type Cultures, Jeollabuk-do 56212, Republic of Korea)oll 4 %13}

2 HA mouse cell line o= kA A3 Wodito] o Fiyes 95 22
T=3te] FdE= EHEs Fedade. 9SS f%E87] s AFg®E LPS

(Lipopolysaccharide)= 13 &4 Alire] Mo X8t Q24 A A L7} o] A
S QA WY wkgo] doju= Aoz dHA 9l

% wg Fol 05 A% 9 5 we) qne J
A9 BEF AF g JAstE Aol Fashy] W NO A4 dAsE must
e BFE Ava g e

7]

(]

=

2

o

=

&

Mock M7k-1

38 54. RAW?264.7 mouse WA A LA XAEI #F2 NO 94 27

O NO assay 2% Z3¥ LPST AHEdS W& 7oz f2S AEd 49, M7k-1,

NG-4, HS-2 °] M7FA] #F7F 9402 NO S JAst= 235 B4,

A F R T 395 7154 H7F - Human cell line

344 FWE 934 L FYFY AR TS ol FUA S F43
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IL-8 production (pg//ml)

3 9lg. et o dt Abol E7hele] #Ro] RUAW MAFH GF wrgo] Aol
F el 58, 934 AR F FF A4 AxE B TNFE BEA 934
1

0

Tt Aol 2ulEa ggFd MAYEE S8

1

Aol EFN 0 RN GFH FAT BAAAN B3 2L X
A o =
o - [e) =
glom 7] 4% oA BuHoER thE Ato|EsklY wHS 24Y

O WA, B A& A= Human cell lined] TNF-a&E 9%S ksl & Awst 739
A5 9dA 295 AHEFOSRZN n vitro FAA TR 945 AE ndS 559
Human cell lineC. 2+ ZAAEZE 42 HT-29 cell lineS o] &3 A5 vH29 %
EEA IL-82 HAT L8 9F wgolr /g 7| BH o BasE Ao Egele
24 neutrophil = AAZ & & A A5 FU G50l Fdd A5 o] Abo]EFIRI0]
=l FAR AFEAYgE AT A0S EYE, o] AS AAFE f4AS et aat &
Ay WHE bS5 2

15300 -

NE00

F400

b 5]

§000

a0

ﬂ_"j -

m -

a4
[x]

THF-a oy M7k-1

3% 55. TNF-aE ¥€F°] =9 HT-29 cell linedll A F47 9 IL-8 4 JA &3

@)

2% A3 NG-49 HS-2 ¥ #57F TNF-a® A39%e HT-29 Axe] IL-8 442
ooz AAst= A3E B wepA, 2 Ay dyE vig o=z A AlXE U tight
junction protein =& 73l 35 HFs7] Al 7w g FrrHeE AgS A

e

(9) 2kt TR 59| tight junction protein ¥& 73 &3 3ol

ZF AT A E = tight junction protein®| 2t YA &2 dds] A QEZRE HE



st Ho el A e oA diY vd A9 T A5 FHES SR A
thekst Qoo ¢a TNF-a, IFN-yo} 2o AlolE7lelo] IpEm|E O =M tight
junctiono] =& A Al HaL Al A ETF AFEE = ofeds BHEsE AoR I A

O wbA, B Ao = g A3 A E2 caco-2 cellol TNF-a=Z 484 7H&ot x}=A1A
tight junction ¥ @ o] WS A & FAtS A2l s}9] tight junction protein 4+
24 e S 8l . EfAl o2 A3 tight junction protein®] 4% 71 2 &
Z g A el Claudin-1 (CLDN1), Zonula occludens-1 (TJP1), Occludin (OCLN)< A}
43195, Reference gene® =+ 342l housekeeping gene?l B-acting A}F-8-3F%
. aqRT-PCR =47} Zetoln| JH = thaah 2,

55 cycle [

10min | 20s8c 1lsec 30sec

kLiES A +0.5*Cloycle

2870 =
Donaturation Annealing Extension Malting curve analysis o
¥ 56. qRT-PCRol A€ =4
¥ 50. Tight junction @92 2d 3<2lo] AlgHd Zoln] HYu
] . Product size
Gene Forward primer Reverse primer (bp)
D
CLDNI1 GTGGTTGGCATCCTCCTG AATTCGTACCTGGCATTGACTGG 232
TJP1 CAAGATAGTTTGGCAGCAAGAGATG ATCAGGGACATTCAATAGCGTAGC 182
OCLN TCAGGGAATATCCACCTATCACTTCAG CATCAGCAGCAGCCATGTACTCTT 189
B-actin AAGGACCTCTACGCCAACAC CTGCTTGCTGATCCACATCTG 210
O A% A A 7HA wulA v BT ol Hty TNF-o& ﬂﬂ

N
L)
ol
ol
2
tlo &8
[" o
Hd

e =
3 oA fogom wdol oAE AL HAY F Y. wIH HS-2 #F 4
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occludin®} claudin-1¢] ¥dE& Foldoz Z7HAZH oM, NG-
claudin-19¢] &S FoJd o=z F7HAZ AS ¢ _—
o] 7+A4-% tight junction proteind®] &S Zslsl= 235 Yehdora & 5 &

o= tight junction ¥ & 7

b y

3
TTE in vivo 28X 95 &3 &

O ¥ 7VA oF 2%V in vitro 2 E Oﬂ/‘i gt
_5_ L
i F

A = A

:i
mlm

b} Tormls eochudens-1 (D0-17

_I_I_LI

eah: TRl-moedy WD P d [y Tl g

el Claasdin 1

L1
r | —
é.l i
El' {
E::
il B .
ack  TRilaenly WL i [55]

29 57. Tight junction &8 mRNA F3AX 23d Z3. (a) Occludin (b)
Zonula occludens-1 (c) Claudin-1. *P<0.05, t-test® T4 = g. *P<0.01;
Mock ¥ TNF-a X 2, #P<0.05, #P<0.01, ## P <0.001; LAB AT

8] TNF-a A&
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I 2.5 D55 I 5 % D85 I LAB treatmant I

17y

o 1 3
Time (Days)

58 49 2AE

o

a9 58 HEEFY V15 AL 9

AZe 8FE 9 &FA CoBL/6S AHE&3tHal F492 317522 UFrdls. 11
Fel®, % 3 cage® A A3 L Dextran sulfate sodium (DSS)E st 2.5%
Aelsle] 95 FEE AlFSE F 24 7F 5 % DSSE AP st AU 95

BHAFE 10 x 10" CFU/ml 352 149%F A
A5 g3t 395 A

A 15Ol Lactobacillus rhamnosus GG %5 2l sho]
2 AAsYa, T HA 1Eo= Weissella cibaria HS-2, Al WA 15 =
Pediococcus acidilactici NG-4 w5 A g|slo] Ztzte] 1 d59 945 &3 a9 &

O}' A 13

E 5l O3F B A FAT FR IF & AP AY

] Treatment
Mice/ .
Group Cage LAB treatment Cfu/ml periods
cage (Days)
LGG ) <
3 3 Lactobacillus rbhamnosus LGG (3.0£1.2) X 10 14
(Control)
HS-2 3 3 Weissella cibaria HS-2 (3.7+1.4)X 10° 14
NG-4 3 3 Pediococcus acidilactici NG—4 (46+1.8)X 10° 14

(2) PF¢2e DSS 7o A d5 2l 5

71 @Wol AFEE = A 5 3FuFel Dextran sulfate sodium (DSS)

g 3
H4de FEatals. DSSE ASRH n8don Y 44 HEES
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+i

FEol DSSE AH#s

A e 8kl =

mild-inflammation<

=7 ¥kt gl

= O
K

SR

=
=

O ofeff 23t

e
w

K
G
)
o
o
]

P
0

)

e
i

—_
o

7} 347 DAV} F9

(Murthy et al ,1993).; a) A2

ﬁo

o
=]

3 7

7} AEe e

I+, DAI 3

S

How F7}

=10 %

&H

, O

£
!

1

, 48 = 5710 %

H), whebA, DSS A8 A

&
=

ki3

N2}

¥ Body weight

" energy intake

< Energy intake

« Body welght

(a)

5% Dss

2.5%Dss

1
Time [Days)

Day 23

Day 1-2

{p ) axe

c

T T T
o o (=] L=}
- -

1
L=

W paay abe ay

r
]
o

(b)

T T T T
= an (=] ey
o™ Lt

(B) WwBiam Apog

1
(=1

Day 2

Day 0

[
-+

T
]

T
o~

xapu) Aynioe aseasiq

——
U

(d)

Cage 2 Cage §

e /4 &

Cage 1

‘\ |

Cage &

Cage 5

Lage 4

Day 3

Day 0

2de] g7t (a) DSS Y 7|3t

=
°

w2 g

1% 59. DSS&E

2AE, (b) AF W3 (c) BT AE HAFF, (d) 3€A12] £ AR (e)
disease activity index (DAI) Z3}. *p<0.05; t-test +4 & E3 2T thy]

%94 B

NJo
A
n_mo
Jo
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¥ Blood sampling

{aj i " ¥ Fecal sampling
: E:J;:L;;n;ﬂ;;g ¥ Body weight, Energy intake
¥ Body weight, Energy intake ¥ Body weight, Energy intake * Sacrifice the mice
v h 4 h
l | |
I | |
1] 7 14
Time [Days)
(B} 4, () _ g0
- LG5 g 0O LGE
B n - HS-2 = .| o Hs-?
= ~r NG-4 # B3 NG-4
= E
= =
; 204 E 40
= =
2
2 184 20
4
16 B T T < o
0 T L] Day 0-7 Day 7-14
Time (Days)
Doy 7 Dy 14
{d)
- L 2 oy
(56 = N & S~ - * % |
\ ¢ = <
HS.2 . - s N - . w
Ll s ¢ 8y & oW -
wi N =AY 2 e g N 2 ¥
(e (£}
1104 Ly
»: Lo i D LGG
100 - H3.2 ﬁ l Hs-2
= — N4 = :
? bl l'1=| & €3 NG+
: :
o %
" 5 1-
T4 =
—0 s
B e e o S o ] a
012345678 9101112131415161718 o
Time (Days) Day 7 Day 14

2 60. AT FH #F Xg A DSSE #AEF vtex9 AU d4F &3 2y
(a) F4tet AE A g8d 2AF, (b) AF 83}, (c) 7 A5 43 %, (d) 7€ £
14449 £ A7, (e) AEE F7L, (f) disease activity index (DAI) 23
*p<0.05; t-test £4 S T dET ¥ K94 BF7L
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(a) (b)

8
g

E E‘ O GG
= 404 E 800 I Hs-2
= = B3 NG-4
= 304 = 600
3 =
= 204 b= 4004
= a
o 104 o 200
= 3
= pd T :
Day 0 Day 14
(c)

180-
= GG
= . HS?
= -
= 1004 B3 NG-4
=
g
=]
2 504
(=9
=
-
=

o

Day 0 Day 14

¥ 62. 4 f4F F9 2F 9 serum W Aol EFIS FF #9l. (a) TNF-q, (b)
IL-10, (c) IL-17, *p<0.05; t-test EA & E3 X+ iy F94 H7}

O TNF-a9 A% 2kt Fol ol va] 14 Aol {24 ¥strt Jﬂlﬂ‘ﬂxl 2 Sk
IL-10¢9] 2% LGG 1#9 AF FoAe=z 7Hastd il NG-4 1FelA frejA o=
Z7hela S, w3 [L-17 & LGG 2 NG4 1§ 25 f98oz 74s5S. oy
st AWE EUE, b A Al A5 Aol EFRRIQI TNF-ao W3l glo] F49354
Atol EFFelo] Feojdo g Frteyl FAlod 2E Alo]E7IQl IL-170] #AAastozH
A5 43 aE B Ao A7ty

(3) Akt T8 F Fo] Al tight junction protein® 73} &3} &Hel

O 149 Ao AZ3 Ao AccuZol™ (Bioneer,USA) € 1ml A& & A wj7}x

O AoF L2 EF weg} RNA 5% % the ReverTra Ace® gPCR RT Master Mix with
gDNA Remover kit (TOYOBO, Japan)Z ©]&3&}°] cDNA 4. TOPreal’™MqPCR2X
PreMIX (SYBR Green with low ROX) kit (Enzynomics, Korea)E ©]-83}¢]
quantitative real-time PCR (qRT-PCR)& A 31&. A}8% xZeglo]w e} qRT-PCR =71
< o aEH 23
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¥ 52. v} 2= FUY tight junction @9 Z L@ o Al&H ZFoly HKR

Product size

Gene Forward primer Reverse primer (bo)

D

CLDN1 TATGACCCCTTGACCCCCAT TTGTTTTCCGGGGACAGGAG 127

TJP1 GCAGACTTCTGGAGGTTTCG CTTGCCAACTTTTCTCTGGCAAC 194

GAPDH CCAGGATTATGGGCTTGAGA TCTGACACAAGACGCACTCC 135
55 cycle

¥, -

10min | 20s0c 1l=ec 3!:3.3;. J0sec +0.5*Cloycle

b1 8550
T2
O
=870 P

45°C

0

Donaturation Annealing Extension Malting curve analysis

19 63. qRT-PCRel AH8¥ =34

O BtAle g AMA3E tight junction protein®] 73
(CLDN1), Zonula occludens-1 (TJP1)& AF&3F 3 Occludin (OCLN)e] 7§ & ¢
o] FTaolA ol TFol & A & TAI7F o] A9t 5. Reference gene o 2+

) 3 % ¢l housekeeping gene¢! GAPDHZE A}-&3% 2.

< b & gy R Gw Aol Claudin-1
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Faold change
5

LG HE-F MG -4

a9 64. AT Fo 149 A9 A tight
junction & &a mRNA A& ddZF (a)
Claudin-1, (b) Zonula occludens-1 (ZO-1)

(4) FrAkst FR g Fo] A AW #F s el

—m

N

O w929 ¥ AZS DSS Al (C1 ~ C2), DSS A7 & (DSS1 ~ DSS6), LGG A
2] (G1-1 ~ G1-6), HS-2 A2 (G2-1 ~ G2-6), NG-4 A2 (G3-1 ~ G3-6)Z YFo] F
2671¢] DNA = % vz =2 (gistel=, ojd)dl ¢ # 3} high throuput sequencing
S 283 o]F CD-HIT-OTU/rDna Tools®t QIMES ©]&3l49 taxonomy <t

[e]

diversity 45 213,
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¥ 53 AY nABE #F XS 9% sequencing A

Sample No. Sample Name Total Bases (bp) Read Count GC (%) Q20 (%)

01 C1 101,035,928 222,744 54.00 98.22
02 Cc2 76,850,219 169,433 54.02 98.16
03 DSS1 68,458,927 151,033 52.68 98.10
04 DSS2 74,627,547 164,678 52.79 98.30
05 DSS3 90,554,803 198,349 52.19 98.20
06 DSS4 78,289,024 171,127 52.52 97.97
07 DSS5 79,305,867 175,513 52.27 98.19
08 DSS6 84,195,290 186,680 52.89 98.24
09 Gl-1 79,207,272 174,236 51.30 98.27
10 G1-2 89,581,336 199,207 53.93 98.17
11 G1-3 81,079,148 177,401 50.88 98.17
12 Gl1-4 78,407,089 173,652 52.93 98.29
13 G1-5 87,084,035 192,787 53.73 98.22
14 G1-6 97,786,033 215,790 53.72 98.33
15 G2-1 80,366,116 176,905 53.32 98.17
16 G2-2 99,695,619 219,579 53.28 98.19
17 G2-3 85,399,582 189,412 53.74 98.30
18 G2-4 83,725,229 184,061 53.38 98.13
19 G2-5 68,641,420 153,098 54.00 98.02
20 G2-6 86,568,011 190,051 51.93 98.29
21 G3-1 86,582,730 192,607 53.74 98.27
22 G3-2 72,079,361 158,764 53.45 98.21
23 G3-3 75,666,876 168,796 53.62 98.34
24 G3-4 92,811,294 204,018 53.40 98.22
25 G3-5 85,587,601 188,010 53.48 98.01
26 G3-6 75,326,451 166,613 53.58 98.37

O Sequencing 23 Hr# o2 83,035,10870 2] base, 183,25170 2] readE FH3}H L, 52 ~
54 % GC contentE Ho|™, Q20 #k L3+ 98 % o] o & sequencing quality®l] =47}

glol 5 &4 o] &.

O PcoA (Principal Coordinates Analysis)7| < &3] AwAl A A, 3o A nAE

= O B
TES Al 4.
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oo .3 02 01 ao ol oz

PC] - Percent vanation sxplaned 39 99%

39 65. PcoA £4 < o6 W WAE FF W B3 E; AEA A

(C17C2, DSS1™DSS6) A

B2 Ay DSS g A (C17C2)3 DSS A Fo Ay nAdE FEo]
gt AS gel. w3k LGG, NG-4, HS-2 755 A8t A 18 4
A2l A shol,

FEjek vzl A= Ae

01427

01608

O ®3F UPGMA (Unweighted Pair Group Method using Arithmetic average)
a3 AEE G S 7 FAM S E1s A3, DSS A A 2 AA yUH
AaA Fo 170l DSS A di vz A= AS g2l

- 116 —

=
tad

g A

d& sadu); AFA A8 F (GI-1 ~ G3-6) A S,

1= [e)
g



£ 54. Phylum €9 254¥ W 7AE £X.

Phylum C DSS Gl G2 G3
Unknown 2.33% 3.46% 2.14% 1.54% 3.32%
_ 0.03% 0.10% 0.19% 0.13% 0.20%
Actinobacteria 1.94% 1.63% 0.36% 1.14% 0.81%
Bacteroidetes 48.72% 46.55% 44.38% 46.16% 50.06%
Deferribacteres 0.75% 0.37% 0.31% 0.34% 0.27%
Firmicutes 42.21% 38.55% 47.32% 44.21% 38.09%
Proteobacteria 3.89% 8.89% 4.75% 5.23% 7.20%
Tenericutes 0.01% 0.38% 0.46% 0.96% 0.04%
Verrucomicrobia 0.11% 0.07% 0.08% 0.30% 0.02%

O Z} 1E9 Aol= 9 o bacteriodetes, firmicutes’t 7H4 & vl &2 A mAE
TEFS o] F= AL g9l

O G394 534 bacteriodetes H|&©°] 2T HT} oSS st on, G2 1F9|
T 7 vzt A2 FY AE TdFo] 38 HAeS g9l

E 55. Order <9 Z2F4E ZW HAE &+

Order C DSS Gl G2 G3
Unknown 2.33% 3.46% 2.14% 1.54% 3.32%
Bifidobacteriales 1.75% 1.33% 0.27% 0.86% 0.65%
Coriobacteriales 0.05% 0.23% 0.04% 0.21% 0.12%
Bacteroidales 48.72% 46.55% 44.38% 46.16% 50.06%
Deferribacterales 0.75% 0.37% 0.31% 0.34% 0.27%
Erysipelotrichales 6.20% 13.47% 4.14% 8.49% 5.87%
Bacillales 0.00% 0.04% 0.00% 0.01% 0.01%
Lactobacillales 11.85% 5.77% 15.78% 10.50% 4.87%
Clostridiales 24.16% 19.27% 27.40% 25.21% 27.34%
Rhizobiales 0.01% 0.00% 0.04% 0.02% 0.01%
Rhodospirillales 0.10% 0.55% 0.34% 0.21% 0.33%
Burkholderiales 0.69% 1.72% 0.56% 1.09% 0.93%
Desulfovibrionales 1.77% 4.37% 1.98% 2.52% 4.05%
Desulfuromonadales 0.00% 0.00% 0.00% 0.00% 0.00%
Campylobacterales 1.32% 1.88% 1.79% 1.34% 1.87%
Anaeroplasmatales 0.01% 0.38% 0.46% 0.96% 0.04%
Verrucomicrobiales 0.11% 0.07% 0.08% 0.30% 0.02%

O Order oA ZFEZ vl BoES w, DSS A2 ¢ 23130 Gl, G2, G3 1w °]
zTo o H=dA 3E 5= AL 3ol

O E3|4, Lactobacillales”} G1, G214 DSS 1E5H T} 28] AE Z71tE AL &9l

d

O olol Pediococcus acidilactici NG-4 +5 Pediococcus acidilactici
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LDTMb5201 ¥ 5+, Weissella cibaria HS-2 w55 Weissella cibaria L.DTM8901
72 Jlgsgon, 4% G 948 TR 53 292 49998,

4. A R

Iz

wulo] Qs Fw

e
N
1o,

oA A

Eage)

ot
r

O B A Ao Aust 715A ¥ (L. paracasei M9-1, P. acidilactici LDTM5201,
W. cibaria LDTM8901, L. lactis LDTM6804)E o] &3sto] & I H R L. rhamnosus GG
Fof x2rlo] QE 9 A HIHE .

) Zzuelegs Fu #7e) A A4 Bt

O maulolo g Fu FFE A3 A AAe] 48 BN APEA 2 A g
stol RAsoby WEA 1 /15 el & 98

O olol uteh Ay 2£AQ el AN FFN A A, aPn P ¥
2 pele w7)e

O mzulolo g Fu FFe| A WA E pH 2002 24T F, TRulol o Fu
#3E AESe] 2 A W 2k 30 Bl CFURS 4%

8.0+
~ L. rhamnosus GG
& | paracasei M9-1
‘_é‘ - = P_gcudilacticr LOTH 5201
= -+ W cibana LDTM 8201
E -+ L flachs LOTH 6804
R0 B e m——
- |
E'.ﬂ T 1] L 1 L]
S b S

Incubation time (h)
I3 67. pH 2.020 AujR|oA 2 A7 wlF A, ZF ZZ2Hlo]EYA T H
TFo TS W3

(2) ZR2ulo]Q €~ TR o] WEFA
O Z=Zvlo] g~ 91 5o A8 wjxo] 0.3 % oxgalls H7lste] H54t &4 & =24
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T, ZEulolo 8 Fu #FE PES] oxgalle A7hA HEE Wt HrsHg
2 o] CFUZS mstel Wa3 52 7,

— T %‘
o _?"'

-

.
o

19 68. 0.3 % oxgall A7 A, Z
Z2ulo]e A T H FF9 YeyE CFU #
¥ 3} =

(3) ZEnlo]QElA T FFo] A RHA

O <zt A A AL 47 CACO-2 cell lined| 42 YA 7] TEZufo]oEl A~ &
HodFE HESa, JF 271 CFURY 2 Al7F co-culture ¥, washing@to] #2481
B2 s AN FH, 4% CFU g Wstge= U 39S gl

10
- | G
g- -- Mo
E - LDTM5201
;j_ 8- [ = - LOTME001
O \ -+ LOTMGS04
™ 11
[=]
- |
E -
5 1 I
b u "

Incubation time (h)

29 69. A%E Zeulologa ¥R FFY Fu $A5Y

2.

‘I (!
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O ZzuoleEs Fu FFE A6 FaT 715 vehd A, Tevlo]eg sz Ho
[ =! S|

4 g glenz §9 24, A obdl AN s FAA Fed HALE Foko] A

¢
O

(1) Z2vfo] o€l 1 59 88EA 9 A ol7l A 4
O 7 % sheep blood7} A 7F4€ blood agar® A #&le] L2nlo]|QEl A S W HFE5
1,37 C, 27] 202 48 ARt wjFste, colony 19| clear zone #H5 2 &

O Xy wagagolx HAS= ofv il @72 8o o WA= A oS
=A357] sl 71 FL3A B ¥+ histamine, tyramine, putrescine, cadaverine
o] A4l histidine, tyrosine, ornithine, lysine2 A 7}3F A A o}wl =4 x| = Az
slo] Zgnlo] Qg A FR HFE LWeEte] 37 T, &7 2AORE 48 AJ7F wjgsto],
bromocresol purple®] AW stE g3}

# 56. ZE2HOJLE A FH 759 §3 &4 H A ol Y oY AR

Biogenic amine

Species Strain Hemolytic activity )
production
L. rhamnosus GG -4 -
L. paracasei M9-1 - -
L. subsp. lactis LDTM6804 - -
P. acidilactici LDTMb5201 - -
W. cibaria LDTM8901 - -
4~ ! negative

(2) ZRutol o¥lx F1 tFel FAA BRA e

O 2012 European Food Safety Authority (EFSA) 7|50l W& 7} X 2ujo|Q 8~ S H
9 dAA 7445 H7E Oxoid ¥ Biovision AFe] MLIC. Evaluator stripsZ T+

w3} o] Isosensitest broth 90 %2+ MRS broth 10 %, bacto agar 1.5 %E #7}sF LSM
A& A ZFste] 3 7Hg
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£ 57. 4 ZEHHYA FH FFY FAA dHI HL A FE (ug/ml)

Antibiotics susceptibility

Species Name  —OE VAN GEN _KAN __STR __ERY _ CLI___TET _ CIL
L.
GG 0.5 >256 2 24 6 <0.015 0.06 0.12
rhamnosus
L. paracsei M9-1 0.25 >256 8 8 64 <0.015 <0.015 0.5
. LDTM52
L. lactis oL 1 >256 4 64 32 0.25 <0.015 8
P. LDTM89
o 0.5 1 4 4 2 0.12 <0.015 2
acidilactici 01
o LDTM68
W. cibaria o4 0.12 05 4 4 24 0.06 0.12 0.06
Suggested breakpoint in accordance to the European Food Safety Authority (EFSA)
L.
4 nrt 16 64 32 1 1 8 4
rhamnosus
L. paracsei 4 nr 32 64 64 1 1 4 4
L. lactis 4 nr 16 64 64 1 1 8 4
P.
o 1 2 4 16 8 05 0.25 2 2
acidilactici
W. cibaria 2 4 32 64 32 1 1 4 8

Susceptibility of Lactobacillus, Pediococcus, Weissela, and Lactococcus subsp. lactis were
determined according to European Food Safety Authority (EFSA, 2012). AMP, VAN, GEN,
KAN, STR, ERY, CLI, TET, CHL refet to ampicillin, vancomycin, gentamycin, kanamycin,
streptomycin, erythromycin, clindamycin, tetracylcine, and chloramphenicol.

n.r not required.
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HATZE4A 7|58 Hasis, K=

o

1. 18 2EZAE 2 22F TT9 HHAA

1) #5AF L8 T L

(1) FEAAA

O AAAIZH 7H-A Tad AR 1053 A2 11F59 ANSEFY 740 FAd +5F
218}t Lactobacillus % %2l= MRS "]#| (Difco, USA), Streptococcus & w3 &= MI17 Hj
Z] (Difco, USA)E Zt7t 2183 7 Alad wiAloA dAdE 9 Z24YE Gram staining,

=]
RN

Ll

O UYAtd Ald: R TdFEL MRS brothol 4 Overnight ¥WlY S pH 3.0%
MRS brotholl ¥iFH-E 1% HEskaL 37°Coll A 2A7F M A, i A5 AdsE A

Hj x| A drop plate WH S A&ty 45 AEES A&

O

x 100

Survival rate (%) = pH 3.0 MRS culture (CFU/ mLZhr;

pH 3.0 MRS culture (CFU/mLop.

S
8 4004 I I T
S I.x I.I T
T 60 Y
3
o L} L L] L L L | L} L] L] L ] L L ] L L L] L |
vcf’ 20D RGP PP RSP PP AV

Isolates

a9 70. A ZFE WA

O WALA A3} Reference =4 xEAQ AAE 52 Lactobacillus ramnosus GG =
AbE Ak o] AR AU S w5, 6, 8 13, 17, 18, 22, 28, 29, 38, 39, 44, 46, 72

W T F7E 5% FES HYgon o5 5 Cocci |, AW 3A oA Rod-shaped
k==
[e]

=
Fehe) FEES WY A ATl HEhA 2.

43k 12417 v EAlZ1 MRS broth®} 0.3%9] oxgalle] #7Fe MRS brothe] A+
st YEld Wds A3 (2™ 71).
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. oy — 0.3% oxgall MRS culture (CFU/mLion.)
Survival rate (%) MRS culture (CFU/mLoy) x 100

10

Bile tolerance(%)
)

4
2 l’l
0 ] ] ] ] ] ] ] ] ] ] | ] ] ]
v
Isolates

a9 71 AE ZFEY HEEAH 3

O YEEA 23 Uiy 2 dds4d Ao AEsS Hole o5 5, 6, 8 13, 17, 18,
22, 28, 29, 30, 39, 46, 72¥ TFES 2% = w3
O WEA AlF: 23 AEE #5525 Tryptic Soy Broth(TSB, Difco, USA)E o] &3}o] 37°C

o
16A1 ZFA A 24413 &b v oF ol 2%, 3%, 4%, 8%, 129, 16% 20% 24% <] NaCle] # 7}
H TSB brothel we 1%E HFshar 37°ColA 48413 wl&A#. Spectrophotometer
ODgoonm I A1 9] AEAZS A8t L 0A17F, 24411, 4841 7HS] ODgoonm #4254 3

O WAA A LGGE THIRE #77F 4%74HA4 WAAS Hola 8% ool s WS
& Holx wof IR & wEO Avs ARG Mg AR it ke e Aol
T FEEHA YEhbA F8 ok uiibg Aldel] AddEA] R S8 wFE5 ke 12, 70
kil

o
j=
T Hddoe]l g =4 vYebds Zolgh

¥ 58 Ad¥ #FE YEA

Salt tolerance (TSB broth added to
Isolates NaCl)

% % % %

LGG + + + -
5 + + + -

6 + + + -

8 + + + -

13 + + + -
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17
18
22
28
29
30
38
39
44
46
72
Abbreviations : +, positive; -, negative,

o e o o o IS IS IR

]+
R e I o IR I A TR I IR
1

+

gl 2 xu B A oA & (proteolysis)E AA A SATRAE F dojyE F
H @Y F slUEA, F 9" e calpain =¥ cathepsins® #&  peptidasestt

o
-

proteases®] FH E}Zl ¥ o] polypeptides, small peptidesS A3 HZEZ S EE free amino

acids (FAAs)= 7his] H. vz = 2A4] 4 3 s md=o] 7HAa Q=

lipase &< esteraseol] ¢]3F AW & (lipolysis) = FAAsS AASHA =4, FAAsE 1A

ol o3 thatE o] AAIA ] Fro] S T+ AstEE AdghE.

olr

,ﬂ
o

gded 9@ i A3 Gl Eaesa ® sl
milk ¥3 TSB ®]# ¢} 1% Glyceryl tributyrateE 33 Trybutyrin agaroll A w1 3
colony =¥ 2] clear zone? Z7|& A4S FG3sH & 29 449 TFE ALk BE T

A ow L g sel wAEA e,

o w3lls WHolX Pediococcus acidilactici 37\ (8,
A WA Lactobacillus casei (12¥ 15°), Lactobacillus
N £

FFH AEE. AME FFE U, guRs), Quy

T 23 2 A fjad 2
29, 44¥1)7F A I

plantarum (704
& EAlE5S dnt= Christian Hansen AFY] Bactoferm F-LC, F-RM-52 salami starter A
F vt A3E Fol @SS, vl AN = AA Y 7 2 4S8 ~EE A
T BF AR To] vEelA &g AA ®BE®  Pediococcus acidilactici 37 TEE

Bactoferm F-LCo| X33% Pediococcus acidilactici o vla] WA 2L chul g5 o]
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® 59. AE #FEFH 48 #FE9 Wq, @R, ARE) 54 v
S Es | AES
Source | No. Species WA :_ :_
< =
8 Pediococcus acidilactici >4% + -
(29) Pediococcus acidilactici =>4% + -
Isolates | (44) Pediococcus acidilactici =>4% + -
(12) Lactobacillus casei =>4% - -
(70) Lactobacillus plantarum >4% - -
Pediococcus acidilactici - - -
Bactoferm
ELC Staphylococcus xylosus >12% + -

) Lactobacillus curvatus =8% - -
Bactoferm Staphylococcus carnosus =>16% + -
F-RM-52 Lactobacillus plantarum >8% - -

FEEAA AR A4 244 BE AFAS B el HAE 2uE 23S
WHEo] o Ao w Axd 7+ #FE 10° CFU/g o2 HFd
E 60. YEXAA Az 24 2 74
Ingredients | Control T1 T2 T3
Lean 3,200kg 3,200kg 3,200kg 3,200kg
Fat 800kg 800kg 800kg 800kg
Pork_totally | 4,000kg 4,000kg 4,000kg 4,000kg
P.acidilactici (8) P.acidilactici (8) | P acidilactici (8
.acidilactici ,
Starter F-LC L.plantarum (70) acidilactici (8)
culture L.plantarum (70)
S.xylosus
Salt 108.0g 108.0g 108.0g 108.0g
Nitrite 0.28g 0.28g 0.28g 0.28g
Dextrose 80.0g 80.0g 80.0g 80.0g
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L
Controlo] A3 e, F-LCS] 7AE B L curvatus @89l R4S §78 &
pH value
.8 2
5.6 -
5.4 .\"-\"'
T s2 N =
- .\\ “— = - - . — =
: \____,_ﬁﬁ_u E—
amyj ngda
e (O oo T - =

a¥8 72 Z} H2E 3§99 A&AA & 33 F pH W3t

PCA agar for total counting

/

n

LoglCFU/ml
o

e OTETC

a9 73. Z} H2E 159 &AA ¢E8 3A F AF5 Al

(2) FaF

==

O #F AW Y= {f718 53 =258 289 tdAd AN FF5 F Lactonacillus
bulgaricus®}t Streptococcus Thermophilusit-2 A8 3}e] skimmilkoll Aol A 2 2HAA
oF 10% skimmilk®l 1% HZ3lo] 37°Ceoll A

EAS g9 3 #FE5S Overnight 1Y ¥ 10%
24A17F vl %F & pH Asltsd AdT7F 53 dFE5S AR 72 758 Rl YR

EN
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E 61. Skimmilk A& 5 AE #5F

Species No. CFU pH
H2 6.5E+07 4.20

Lactobacillus bulgaricus
BV4 8.9E+07 4.13
M3 2.3E+09 4.12

Streptococcus thermophilus
M7 2.6E+08 4.50

= 3FA pH7} 4608 =

=

sol tg F7F A5 ¥ & o

MY Y Lactonacillus bulgaricus®t Streptococcus thermophiluss 47) ~1
10° CFU/mIZ 5ol HF3ska 37°Col A 6412k vl
st AdErE 10° CFU/ml o) oz, AdE 479
oM Hr HFAol ¢ Aow yEd AT TF=

A% QY AR, R o

® 62 HES Ax FARA AF
T1 T2 T3 T4
Lactobacillus
] H2 BV4 H2 BV4
bulgaricus
Streptococcus
) M3 M3 M7 M7
thermophilus
pH 4.53 4.48 4.47 4.43
CFU 4.7E+09 | 4.2E+09 | 8.6E+09 | 2.7E+09

2) A= AF TE I AT

pH 2 A+t

o %

(1) Az Az 2 T A g8 JF ¢35 4 AA

O 7] #3849 A7Aaxzs Frd A= 2y FTH FRIFEY dA A4S AT 4
3 1t} (Gouda) A= AxE 7Ivtow Fd9 TR, & 55 AEF A= Ax HEE

Foll HER.

- 127 -



® 63. 14 XX AZX A

A x4 A

W &

VATel 9§ 100kg &
Beta-carotene 2ml A7}
F30% % 2EF

65C7HA EelHA 714
9 9

37}

aE Aol exrt
Tl 32C7 HES 4

Starter

AR
"o

VAT U 9479 2&7t
32°C7F ¥
10%skimmilko] AE3|%

starter @&, 1A|7F AX]

AlYl(rennet)
371

AYl(rennet)S 100kg
71%, 19ml 22 ol
DW 81mly}t 2yl 19ml-S
Ao] 100ml2 T

VAT 211 A& wyik <

Yl 40-4583F FA

HAE(curd)

R

71E(curd) AH7]
0.7mmE ARg-5to] &k
HZol 71HA HEg
AT wyk 208 &t
SIHA AETL AR
orr2 I

ool W 4 =g 3

o]

7h4 Al

VAT W §73E& 40%

Wi, 275 Yol
1} 7F2 - 36°C
27} 71 - 38°C

257}t 38C &2

T
50 A
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FAAA | o

’

ox,
ok
e
o
)
2

AT S NZ A AR 7% FRS EU= B AroA SnE S8 g 5 A
HAGNA 53 EAS YEMWNAY Lactococcus lactis L5 2 Lactococcus cremoris C46 2
g F ATT 7l CHNY o5 sdstAl 24ste] 717 2%=A H3E
oAl H7E A= A R A= AT gdd. B 2 pH @
A7l fall Fare]l A v &S MRS st Fr AFE Ay

E 64 1T X2 HE FHAFY AS 12D

CHN LDTM
AR 100kg 100kg
L ET Lactococcus lactis L5 Lactococcus
Starter &+ _ ]
Chr.Hansen®] CHN-11 A= cremoris C46
5L 2 % 2%
A4 pH H3}
Gl 6.46 6.63
4 F 6.30 6.52
* CHN-11: Lactococcus lactis subsp. cremoris, Leuconostoc, Lactococcus lactis subsp.
lactis, Lactococcus lactis subsp. lactis biovar diacetylactis. 4572 THOE T4

TE T skimmilkoll Al &S50l 3 E Leuconostoc mesenteroides B2 it
Ele Ao Frtete] m2F vFEE 7A4Y CHN tg§ A= g 53 F
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st= Qe HEFd vl &S Delste] skimmilkell A ¥ HEEE 318
st T A TFE T pH Astsol 7FE Hold L. cremoris C469] B &S 2
713 A ~8EH HEEFS dFF g 2%olA 4%=2 F7HAIZ 2o A 7E
CHNET © -3 pH At Aa4E s &+ qdslom ol EfgE 23 A= AxE I
&3t

{ml NaOH x N NaOH) x F x 9

Acidity (%) =
Weight of sample (g)

F Factor of NaOH solution = 1, Lactic acid = 0.009

¥ 65. A& 2EH 9 skimmilk && 54

Strain pH TA(%)
Leuconostoc mesenteroides 6.08 = 0.04 0.16 = 0.01
CHN Lactococcus lactis 5.05 = 0.02 040 = 0.01
Lactococcus cremoris 5.09 = 0.02 0.35 = 0.01
Leuconostoc mesenteroides B2 594 + 0.01 0.17 = 0.01
LDTM Lactococcus Jactis 1.5 542 = 0.04 0.26 = 0.02
Lactococcus cremoris C46 485 + 0.02 0.45 + 0.01

6.3
6.2+ - 100ml+-CHN-11
6.1+ - 100ml-LDTM 1%
::::1. —d~ 100ml+-LDTM 2%
6.0 = 100ml=-LDTM 4%
=gl = 100ml+~LDTM 4%(1:2:1_12h)
i & 100ml-LDTM 4°%6(1:2:1 15h)
%8 T
& & = w* el
__¢‘.~"
\i.w,
Time(hr)

1% 74 LDTM E& T+ HEFFH 74 v&o @& pH A5t £4

st 22k wrh A= Az FAoA pHE At 13
o & ¢k 026 7FEF U AsEHE= AL Feldt o]T WA mH A Yoi HFEES AL
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714F (flavor) &

°©
}\c_)]‘*

—

Sol
= galgh

E 66. 1T = 2E HAYA AF 23
CHN LDTM
drF 100kg 100kg
Lactococcus lactis L5 Lactococcus
AREHFF
Starter &+ _ cremoris C46*
Chr.Hansen®] CHN-11 A& ]
Leuconostoc mesenteroides B2
o AzA 37 AEde B 4 % (1:2:1)
I3 pH W3
R b 6.51 6.35
42 & 6.49 6.28
O =74 2049 w<te 72 av A= o pH, TA, A+ W3tE 543 23 CHNol| H|3
LDTMe| ¢ @2 pHE FAH AT GA 3-68) 7t =2 Ao =2 e,

CHN LDTM
pH | TA(%) C&‘{@‘l 0&11/71;11 pH | TA(%) C&[{{gl 0&11/71;11
0Yx} | 552 | 0.149 - 3E+07 | 550 | 0.16 | 3.5+07 2.E+08
27 | 573 |0.146 - 1.E+07 | 550 | 0.18 | 5.E+07 2.E+08
4z} | 573 |0.164 | 4.F+08 5.E+08 | 548 | 0.187 | 6.5+08 1.E+09
8z | 582 |0.160 | 6.5+06 3E+06 | 554 | 0.193 | 2.5+07 2.E+07
2. g xPd ME Fv, 4 2ZAAMNT
1) 29 = AxE B F42 54 £4
(1) 37 As g2l
O =4 271 Al-ollA Fv 2 7S 4% A3 Aty o=z 714 AE<] CHNol 7%
A SWolA LDTMEY ¥ =2 H7ME A9s. LDTM it X == CHN it} x| =0
Hlg Boh J& 3AS Hau oz e Ak wE A FF 7| Eo] HoF
v uty gre] ASAeE o8 #As 540l UEY. ol T Fo WHe AolE dAd
H Fr AAS B o e ASSYH F o £ A9E Y E AoE Ho #A
o] A FIATES ofF ofH .
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® 68 #5d Vg B4 2 (@9 97 THH)
sS4 71(12)

TE 0 2
A CHN 7.200.35 7.69+0.32
LDTM 5.84+0.22 6.79+0.29
- CHN 5.88+0.30 6.75+0.16
LDTM 4.26+0.26 5.53+0.64
227} CHN 6.22+0.33 6.78+0.18
LDTM 6.24+0.17 6.10+0.62
ot CHN 5.76+0.30 6.66+0.20
LDTM 3.82+0.35 4.85+0.80
237 CHN 6.10+0.36 6.69+0.25
71E% LDTM 4.13+0.28 4.86+0.58
« PG A= AN8EE VMR, AR o] ZF 1 cm 279 73 ASWA FRIgE 4
date], FHE g 108S tdes A gn 247 8t FFAVIEE g5 e B
AT ‘digs] APE 14, ‘oas] %‘E}’f—e— odeow UelUE 94 HEwow Hut
® 69. AL B4 A3
e A 710N E)
0 2
A= CHN 0.43+0.06 0.57+0.03
(Hardness, kg) LDTM 0.52+0.08 0.44+0.03
<34 CHN 1.44+0.02 1.53+0.08
(Gohesiveness, %) LDTM 1.63+0.08 1.58+0.13
12R=R CHN 31.98+0.31 32.75+0.25
(Springiness, mm) LDTM 32.55+0.31 32.42+0.12
A CHN 0.61+0.10 0.87+0.07
(Gumnminesss) LDTM 0.850.13 0.700.10
H3IA CHN 19.52+3.22 28.58+2.40
(Chewinesss) LDTM 27.53+4.57 22.84+3.33
O TdHoz & w LDTM 53 Firol 93 urp x=E X =9 A faktel &4
Ho A= CHNEU o Efyt o) AnjRtEo Al o5t 714 AEFT 8wt

Mol s Fstd A s

(2) 4 w3 g4
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O %A AL o F SR, By,
WA e weba Ehe =

LDTMe A = A
712 59 flavor

¥ 70. € A& EXNZAT (D9 %)
2 m =4 717019)
0 2
o CHN 39.58+0.06 32.22+0.05
T LDTM 40.04+0.08 33.18+0.05
aw CHN 23.03+0.05 28.27+0.20
LDTM 23.53+0.06 27.59+0.10
. CHN 32.43+0.04 36.63+0.10
LDTM 31.600.03 34.99:012
. CHN 1.55+0.03 1.73+0.03
LDTM 1.49+0.04 1.83+0.01

(3) 11-7]" (flavor) B4 =7 &<l

O 714 27
% %4 209 o %
= agel AR e A4S M1 9ee #9
AR v$ 94w LDTMO] BXe 4
9.

d
I

Aol 7} 3

48 SPME-GC/MSE AF-83}o] Internal standardol 3k A=A e ©=
CHN¥ LDTM®] 714t 3 &S thd &4 (PLS-DA)SF A3 5+ =
5 WolA 2y rB™| CHNY #7]

o EA4el Qi A

cheese data 0927.M3 (PLS-DA) | L
Colored according to classes in M3 n:
A
E L
4F
2 -
g0 - ‘ .
-2+ @
J :
6
_B 1 1 1 L 1 1 1 -
-20 -15 10 -5 0 5 10 15

f[1
RZX[1] = 0.619, RZxX[2] = 0.124, E]|]1'Dse.‘ Hotelling's T2 (95%)

1% 75. SPME-GCMSol| &%

O 7 A= aF FasH

Hexanoic acid, Octanoic acid, Butanediol &°] 5%

24 5o

o] 1=

- 133 —
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e

-

)

S
A

ki3

714 Sk oaE 74
A3 CHN< Butanoic acid,
a1, LDTM< Acetic

izt v




acid, Decanoic acidE W53k th kst 3ty 450 F¥xHo AS5S & 4 oy we)
X oolE BATC T A= o] whah En)¢] Ao]E WEE FaF 99 F U #9Y
cheese data 0927.M3 (PLS-DA) |
Colored according to model terms WY
' R e iR e
0.2k _1 2.6-Dime ‘rle:::er-c
. ....I.|:; aced 2 Butosyethana .'I-:_ -
P e Decance_aced 27 -Dimethyl-4 5 oohiEEhTLEL TANDL
0'1 B Hexancic acd o ;
' 1-Hydrony-2 -botanone gp4 i.L‘.l'\.l.!i&
0 1 . AT '.1-.1".;.4 4,5-octanediol2 /i@
B smipay @ 5-Pantyl-5-pentanolidell)
;E',U._*] B Berzidehyde R
; .._ g -Honanone{}
0.2+ T Ethwl_hesanoate S PP
i~ Ethy .:?..I:.l-ul:r!%' e DL N _aLie
-0.3F Methyl_deca -.m:-_-’
EPTANDME
-0‘4'_ Ethn, ] E]
_0_5 i 1 i 1 i i 1 i 1 i [
-0.3 -0.2 -0.1 0 0.1 0.2
w"c{1£
R2x[1] = 0.619, rR2x[2] = 0.124
cheese data 0927.M2 (PLS-DA) W viPE]
4
)
& ------
=
0 ! e |
_2 _I 1 '] 1 1 1 1 L 1 1 L 1 1 L _I | L 1 1 L 1 1 L 1 1 L 1
@D == THRODOLUDO OB /L O O O o O @
cNO B 23353820288 EREccEBRE
OFC AR E00C g 300 gos028S@p @0
c2 2NN eNTclEZe3028252528 NEcc
BT Iloguog500B8lLETDEe5g805 05088
2200200080822 558 1858055828656
L EF EéﬁﬁmEEE&mC'iﬂmn;': N >0 St cz
Sm0 o 2 WIBRTS>, 0N =52 0T 62
XexQDODP TS ETY S AN WEDESZEG
g o > Eggmagf TR T |
c = = A 1 E
= @ = —
s § SEG=SZa2 g
[ L0 Loy E = 2
o) w =m0 8 @ =
eai B E S
h‘- 1
[al]
Var 1D (Primary)
a9 76. 1F 3 AolE oflskeE F8 #7714 2 R4 flavor EEE
O FF H7b A= AzxdA dfe Aol& wiAletd I tho 2= 2ElE 9 o] 73
Acka 3 ¢ e Ao AnE olF UEI S HE Furel AolE Qs
13) Julie Paquet et al. 2000. Electrical conductivity as a tool for analysing fermentation processes for production of cheese
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Ask= pH, VA= <A

3
uepA TEm T Ao]7]sEol

[e)

=

14)

startersinternational Dairy Journal vol. 10(5-6), 391-399
Vaughan L. Crow et al. 1993. Starters as finishers: Starter properties relevant to cheese ripening International Dairy Journal

vol. 3(4-6), 423-460
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dHi
=

AR B2 K= Mz 718

e o= W ok BT
= o T W & 7
= = ~ oA "= 5
o TR o ™ 5 2 = =
ook e 3 % -
—
== F° L Fow T
. ! =0
m,g y o o o ~ _— Njm
- & o ol X TR
oy oF o o I =
=] S B
oF ok o X g
i % T o M
LO i
+ F o I o P
a To — O_U - J‘J KR
w1 T o g M
TR CrE
o Hoox
ML o w5 s -
ﬂA_l —_ a X e = R
L Oxg ! ~ N S _x..#
£ "X * T ExZl
) I, s
- M 5 No B g a w 5 (IS
G o &l % AR
% TS
T = KM oM R
S S@E Pod o dzic
BE BT 2% e EES
T mu M= - M| b U LN
o M = e . o = a Nlo of g
2 B i T
= m@_ = K o A w _MW o7 oF <
— ~ =
N i SN
) o 0 me X o X0 . ME =1 I o HD Jo
g goEme EESZ L ogBok
o K I B B2
N ° o 53
Bd s o mg W "me f ¥
L+ g FTo & N Nw © o P
N —_ o =0 T =
rE RN ¥ —m  K o X f S
2T, w23 ET 5 Teoag
T B L - TR O I
WI L \L.mw lo 5’ =) \_W _:_” L—O EH ‘Drﬂ 2’ A‘.# »Ql
B S s T e
T =+ U.:; S o) oF ‘N.._ N = - O
O O ==

A Zbo] thE A YEbwk
=€

= W el Al

(ox]
AN

7}ak

3|

%
=

e wnr o

=]
=
4% H

{3

S
A

=
Z]
=

=
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phosphate
[e)

S

5. MRSel BCPyw
7] wj#1 2] pH

=

| o #F= = 1o PBEA

3

dipotassium
=

=

=

L
.

3 96 well plate

Tk Ul
Wskrh w2 A vER

7 9

5

e el el el BaEAre

n] x] =] gk o

2l



(p) 0% 05% 1% 2% (PEE) (B) 0% 0.5% 1% 2% (PBE)

control control

L. salivarius L. salivarius

L. casei L. casel

L. plantarum

L. plantarum

(C) 0% 0.5% 1% 2% (PBE)

control
L. salivarius

L. casei

L. plantarum € < -. <
9877 0%, 0.5%, 1%, 2%< PBE & #H7Istd EF4 AL A (A)
Control (MRS), (B) MRS + 0.2% dipotassium phosphate, (C) MRS +
0.3% dipotassium phosphate.

2] 2R ZREZS o83 I54 WA H5o A% Ve A

O 96 well plated] ==z wx 100 ul®} ¥ 100 ulE ¥+ HEFH o= PBE 5% 0%,
05%, 1%, 2%< T 1%7} HITEHESE st9+. Bile salt hydrolase &7o] 3+

Lactobacillus 7% 3+ €54 WS vt A Algko] wieF $o] 272 W ste] ¢
sk gdA EE5A AaS vag 4 den (a29) o ZAyE AHEstd xep T
o] YERd 4 2L

- 137 —



0% 05% 1% 2% (PBE)

Control |§
Lp3018
Lpas |
tpsa |
LPS5
Lrea (I8
LP106 I
LP9306 |
PP212
LA214 [N

W' 4

1378, Lactobacillus Sp 54 A vl

#71. Lactobacillus spp®] 4 A FFA WAEE v

No. Genus & Species Bile salt tolerance
1 Lactobacillus plantarum 3018" (LP3018) ++
2 Lactobacillus plantarum 45 (LP45) ++
3 Lactobacillus plantarum 54 (LP54) +
4 Lactobacillus plantarum 55 (LP55) +
5 Lactobacillus plantarum 64 (LP64) ++
6 Lactobacillus plantarum 106 (LP106) +++
7 Lactobacillus plantarum 9306 (LPP9306) +++
8 Pediococcus pentosaceus 212 (PP212) ++
9 Lactobacillus acidophilus 214 (LA212) ++

(2) ZuUl=HE Ast kvt 22 2 54 9ot

@)
r
o
[>
£
it
N

J8t ket £2lE 9@ BSH €4 dF5 2+ 33 sAld &8 Wy &
Enterohepatic circulation (EHC) mechanism= 7]Wto 2 =&
BSH &€4<& 71 #5F7F =& Fd&HE Adtss 7HE Aolgt 7HAsta, BSH
positive TTE 23Ed A
T s sl A

5 Bl
16SrDNA  sequencing Z ¥} LPP1¥ LPP2+= #& o= 3kQl

o2
=

o

15) Jian—-Shan Cai & Jin-Hong Chen. 2014. The Journal of Membrane Biology volume 247, 1067-1082
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272 I3 X, F4AX NN Bt &

No. Genus & Species Sample
1 Lactobacillus brevis M1 (LBM1) Mart
2 Lactobacillus plantarum P1 (LPP1) Napa cabbage
3 Lactobacillus plantarum P2 (LPP2) Napa cabbage
4 Lactobacillus plantarum P3 (LPP3) Napa cabbage
5 Lactobacillus plantarum P4 (LPP4) Napa cabbage
6 Lactobacillus brevis P5 (LBP5) Napa cabbage
Bachelor
7 Lactobacillus plantarum C1 (LPC1) .
radish

(1] Zel=eE Ast faki 54 sho}

O Bile salt hydrolase (BSH) &4 &<l

AR A Fgd LBMI, LPP1, LPP2, LPP3, LPP4, LBP5 LPCl #F&
glycodeoxycholate 7} A 78 MRS A vfA] o] 10 ul Bojrega wjdS 213

F HAS FQlskAth 37Tl 48413 wiFer A3 7ei R skeE F o] A

S o
gk 4 95

1979, Bile salt hydrolase (BSH) &4 &¢I,
Lactobacillus plantarum 30187, positive
control; Lactobacillus salivarius 301, negative control.
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®73. &5 BSH &4 &3

No. Genus & Species BSH activity
1 Lactobacillus brevis M1 (LBM1) +
2 Lactobacillus plantarum P1 (LPP1) ++
3 Lactobacillus plantarum P2 (LPP2) ++
4 Lactobacillus plantarum P3 (LPP3) ++
5 Lactobacillus plantarum P4 (LPP4) ++
6 Lactobacillus brevis P5 (LBPS) +
7 Lactobacillus plantarum C1 (LPC1) +
O Wes4d &<
96 well plate ¢ 7z} welle]l A Eg+ 100 ul ¢ ==& A 100 uls YolF F 3
TCoAAM 2477 F¢ ge A WEFdEs 7ML e d5s 232ed Al A

H =
2A3F 4= 9lar, o]= Q3] wjA 9 pH7F ol HA =@ oz WE Folg o =3 S. 44
R P IR
7. WEFEES 7HAL e #F

No. Genus & Species Bile acid tolerance
1 Lactobacillus brevis M1 (LBM1) +
2 Lactobacillus plantarum P1 (LPP1) +++
3 Lactobacillus plantarum P2 (LPP2) +++
4 Lactobacillus plantarum P3 (LPP3) +++
5 Lactobacillus plantarum P4 (LPP4) +++
6 Lactobacillus brevis P5 (LBPS) +
7 Lactobacillus plantarum C1 (LPC1) ++

27980 EEA S I =
TF A wsg
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AdE 755 A= 2EHE AT F A=A Hrkskr] fdEl 1.75%  (w/v) glucose”t H
7he skim milk vi=el HE § 37CA A 2443 &< o & urd A4 AFE Sl
pHE =7%. 1 A3+ LPP1, LPP2, LPP3, LPCl°] curdE ¥4 6}2 o pHE 4650 ¢ A
o2 Hol X= ~EHZ AEE 4 Sty A

O Z#zH"HE Asts &<l

Cholesterolo] %7} MRS-thio brothell x| +2] w3 A AFHe|A HfFshar A
= BSH #At(isted in F)S 1% HFso] 37ColA 48A13 w3 3 In witro
cholesterol assimilation 5 &3 vl g, LA ]9} hexane, 24 7}~ pulsingS E3) 24
2HES FE5% & AFS 938 o-phthalaldehyde reagent (05 mg/ml in glacial acetic
acid) ¢ SAHS At w16, Bepd da k8-S glgk & 550nmel Al O.D.#S 433
ow 1 Ade a"I 3. Lactobacillus casei MCLY} LS301 i+ negative control#®,
LP3018"+= positive control® A&

,_‘

X74. F92°HE At BSHEA T list

Genus & Species
Lactobacillus brevis M1 (LBM1)
Lactobacillus plantarum P1 (LPP1)
Lactobacillus plantarum P3 (LPP3)
Lactobacillus plantarum P4 (LPP4)
Lactobacillus brevis P5 (LBPS)
Lactobacillus plantarum C1 (LPC1)
Lactobacillus plantarum 45 (LP45)
Lactobacillus plantarum 54 (LP54)
Lactobacillus plantarum 106 (LP106)
Lactobacillus plantarum 9006 (LP9006)
Lactobacillus acidophillus 214 (LA214)
Pediococcus pentosaceus 212 (PP212)

— s

—
A&}

16) Chandra Shekhar Pundir & Rachna Rawal. 2013 Analytical and Bioanalytical Chemistry vol. 405, 3049-3062
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B0 OO
Z o
L e i:'l:'.\'{
ot 52 0EN
= &3 (287 =-. s
% B3 B0 5% bi.3h B1.49%
T B0
: 84 41%
= 5000% i
:D'f 24, 75%
= a0
= N 36.21%
1
2 ML oK £
¥ 23 g5y AN
U apoom

10 0%

[ D

e iy w s -Q;" b o i 3
g e X & o g M
. i il B 'h,_ - 'H. ) g
i L le"'\- .\'\' ‘\' * o .\_ :5"' Gq
Strain

1981, Ed=HE A% BSHZA

o

(3) BSH fAx59 323 2 AA 2 54 54

ol

O BSH gene cloning
L. plantarum 54, L. brevis P5, P. pentosaceus 212 5ol A& bsh genes 7}A L
cloningsS 4333} Overexpression E.coli & BL21S AF83}3 3L, vector= pET-22b vector
ol =
[e)

2 A}8Et 1 ¥24 = PCR productol] thak A7)

AR

T

bps
10000

1982. L. plantarum 54, L. brevis P5, P. pentosaceus 212 ¥ Fo|lX 4L bsh
gene?] PCR productd] @ A7]19d% AR
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O BSH gene overexpression L.plantarum 54, L.brevis P5, P.pentosaceus 21214 <
BSH %A =5 overexpression ¥ %10l @215 Ni-NTA resine ©]-&3] &2
A GAE JPsH(a™). BSHE GDCAE 7HrEslste] DCASF glycine & A
(deconjugation) ©] Ao akek o] B7IA H. 2 FAF 3F7F BSH
7} deconjugation Ao A W= ok HH A AIZFES SATOEZN 7 49

oX,
ol
et B Koo rlo

po

4= v

100

a7

25 -
15 E—

J19883. L plantarum 54, L. brevis P5, P. pentosaceus 212914 42 BSH 73X E5
overexpression ¥ 312°] 1o Ni-NTA resing o] &3 A @AE 13
KD 1 2 3 4 5 ] 7 8 0
100

75

S0

37 +— BSH enzvme

25
15

19884, L plantarum 54, L. brevis P5, P. pentosaceus 212914 42 B
overexpression % =°] &I o] Ni-NTA resing o]&3 £E3

X75. SDS-PAGE ®4: g AAS 3FF2 BSH &47} deconjugation 7ol A
HeE ok AA AP ATE SAHToEZHN ZF g49 S v

Aol

Purification Total protein Total activity  Specific activity ) ) )
Purification (fold) Yield (%)

step (mg) L) (U/mg)
Sonication 30.0 26667 889 1 100
Desalting 54 6667 1235 1.39 25.0

On? unit ; Enzyme with liberated 0.5 ymol of glycine from the substrate per min (at
37T
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(4) BCAATF9 A% 2 Z=2vlojeyg 54

O A& FHdoz TH dF7F QAA Astd uf drtg AE&o] d=A ety 98t
o LGGSF &7 67}74 L. plantarums W adte] A8319S. o] Raw FAabio]
BCAA A4 38L& #2lsl7] 9189 Lermentum ¥&o] strain 352 A &2
58S A9EGS. WA o® LDTM 7301¢] 7Fd Afe]=7F 231 BCAAs AFA 9
Comparative metabolic pathway heatmap®] 7} =4 YeEld. ATCC 14931%

Comparative metabolic pathway heatmapo]*+= BCAA transaminase®lA LDTM
73019HE A4S HAS & 5 AS

¥76. L.fermentum strain® A EA

Species Laciobacilius fermeniiim
Strain LOTM 7301 ATCC 149317 DSM 20055"
Size (bp) 2,046,212 1,867,005 1,500,053
G+C content (%) 51.7 508 52.0
Mo, of CDSs 1,688 1,796 1,843
Mo. of contigs 1 74 102
M50 {bp) 2,046 212 210,580 43,184
Rk As 15 4 3
tRMAS 58 56 48

= 'I-: 4

28

F bz

4 4 0

1.1.1.85 J-isopropylmalate debydrogenass
22156  Acetolactate synthase

26442 Branched-chain-aminc-acid transaminase I l
42133 Tisopropyimalate dehydratase 1
4219 Dihydroxy-acid dehydratase 2

713885. BCAAs 349 Comparative metabolic pathway heatmap

O HPLC 24 ZAn=z =2 BCAA AAFe LDTM 73014 7}4 =4 gk DSM
20055 oAM= aHTE VA FUbehe AES HAS. ATCC 1493194 = #AA4s= 4
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gS B 7 AR, A A I Ao AE LDTM 7301604 7FF w2 A 7F o
< a9 ar, DSM200559) 4] 1ohe a8]3 ATCC 149318 7H =4 AAst= A
_/l:

300 -
%W - ATCC140317
Ty 100+ - OSM 20055
E s mm DT 7301
B 1004
b |
-2|j-:|_
'am 1 L i
Izoleucineg Leucine Waline
71¥86. MRSH| A | 4] BCAAs A4HHPLC)
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% 80. A= Az VAR BHATHD:%)

CHN LDTM + BCAA LDTM + P3

071 € 2714 0/« 271 € 07 271

TE 39.58 32.22 43.56 36.68 42.16 37.52

el E 23.03 28.27 22.47 25.66 22.36 24.84

A% 32.43 36.63 29.92 32.51 30.48 32.78

R 1.55 1.73 1.38 1.77 1.64 1.77
O Axd A=d i, awld A 9 FAZ2%+= E 819 2. 7IsA fakds H7
S A= B2 Ax FFox vt CHN ©d x| =of vl duk o] o] & YE
oy S5 AYHETA i ko] 375% a1 9w Ay Ak 274% Tt e 5SS

LHER

CHN LDTM + BCAA | LDTM + P3
oM | 2714 | o/l | 2/€E | ofE | 27 €E

Herdons @ | 043 | 057 | 059 | 057 | 059 051
oS,y | 144 | 153 | 149 | 165 | 149 | 152
(Spmgf%’g o | 398 | 3275 | 3227 | 3276 | 3232 32.29
G 061 | 087 | 08 | 095 | 088 | 0.78
PN 1952 | 2858 | 2839 | 3108 | 2850 | 2504

O CHNZ LDTMY]
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O

O 1 ZF~HE AFE (D12336, Reserach diet) ¢ dwk A2 (D10001, Reserach diet) = 4

T AFEE Fode. w2 7 I A= IFgoE vro] Adg o 252 (1)

ND (D10001, normal diet), (2) HCD (D12336, high cholesterol diet), (3) HCD+P3

(D12336+L. plantarum P3), (4) HCD+W (D12336+L. plantarum WSCF1) &% Z} X Zu}o]

Q€25 1X10"9 CFU/ml Z7Fo& W83 = 152 (1) ND+CHN, (2) ND+LDTM,
(3) ND+P3, (4) HCD+CHN, (5) HCD+LDTM, (6) HCD+P3 C ©.& n}g] © Z=2u}o]
¥ A=F 05 g/daily v 3tH 5.
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(B)TG,(C)HDL-C, (D)LDL-Cand (E)LDL-C/HDL-Cratioin probiotics group of
hypercholesterolemic mice. Data are expressed as means standard deviation for 8
mice in each group. p-values were determined using a one-way ANOVA

(*P<0.05,""P<0.01,and***P<0.001).Unpublished data
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(A) TC, (B) TG, (C) HDL-C, (D) LDL-C and (E) LDL-C/HDL-C ratio in normal
diet with cheese group of hypercholesterolemic mice. Data are expressed as means

standard deviation for 8 mice in each group. p-values were determined using a
one-way ANOVA (*P<0.05,"P<0.01,and**P<0.001). Unpublished data
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2% 90. Serum lipid levelsd ZH2"HE AHIdTF9 JF (A) TC, (B) TG, (C)
HDL-C, (D) LDL-C and (E) LDL-C/HDL-C ratio in high cholesterol diet with
cheese group of hypercholesterolemic mice. Data are expressed as means SD (n =
8). p-values were determined using a one-way ANOVA

(*P<0.05,"P<0.01,and**P<0.001).
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¥ 82. Hypercholesterolemic mice®] A Liver weights

Group Liver (g)
Control 0.87+0.06
o HCD 1.28+0.26
Probiotics
HCD+P3 1.20+0.10
HCD+W 1.27+0.08
Con+CHN 0.84+0.09
Con+LDTM 0.84+0.07
Con+P3 0.76+0.04
cheese
HCD+CHN 1.05+0.19
HCD+LDTM 0.96+0.10
HCD+P3 1.00+0.14

(Al

23891. Hypercholesterolemic miced? Hepatic lipid deposition¥} liver tissue®l A Zd|
2HE A3 TF9 &%. The liver sections were stained hematoxylin and eosin

(H&E) and observed under a light microscope (n = 8 per group). (A) Control group;
(B) HCD group; (C) HCD+P3 group; and (D) HCD+W group
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a9 92. Body weights3 Liver weights
group of hypercholesterolemic mice (*P<0.05,""P<0.01,and"P<0.001).

data

495’%'

247k (A) ND diet and (B) HCD diet cheese
Unpublished

(A) (B) (<)
() (E (F)

I3 93. Hypercholesterolemic miced®] Hepatic lipid deposition¥} liver tissueo|A &

A" E At 579 &%,
(H&E) and observed under a light microscope (n =

(B) ND+LDTM group;

group;

(C) ND+P3

group;

HCD+LDTM group; and (F) HCD+P3 C group. Unpublished data
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O L. plantarum P3 ¢ ¥ ~®HE Al 712s &2135t7] &) 2+ 253 LXR, FXR, PPAR,
CYP8BI1, CYP7A1l, ABCG5/8, NPCIL1, LDLR %A} &rd =S v ust] <.
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19 94. Hypercholesterolemic mice?] probiotics group®lA ZH2HE Ast #F

_IN Jg

5 Feg 93 Bile acid® cholesterol mechanismo] ¥£3 9 key genesd 28 %
(A) Expression of hepatic LXR; (B) expression of hepatic FXR; (C) expression of
hepatic CYP7A1l; (D) expression of hepatic CYP8B1; (E) expression of hepatic
PPAR; (F) expression of hepatic ABCG5; (G) expression of hepatic ABCGS8;, (H)
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expression of hepatic NPCIL1; and (I) expression of hepatic LDLR. p-values were
determined using a one-way ANOVA (*P<0.05,""P<0.01,and**P<0.001).Unpublished
data
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23 95. Hypercholesterolemic mice®] ND diet cheese groupolA ZH2HE A3 *F
2% A& 93t Bile acid®} cholesterol mechanismo] 3% key genesd 3
Z7. (A) Expression of hepatic LXR; (B) expression of hepatic FXR; (C) expression
of hepatic CYP7Al; (D) expression of hepatic CYP8B1; (E) expression of hepatic
PPAR; (F) expression of hepatic ABCGS8; (G) expression of hepatic ABCG5; (H)
expression of hepatic NPC1L1; and (I) expression of hepatic LDLR. p-values were
determined using a one-way ANOVA (*P<0.05,""P<0.01,and"*P<0.001).Unpublished
data
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¥ 96. Hypercholesterolemic mice®JHCD diet cheese groupolA ZH2HE A3 o
Fo 8% 92 9% Bile acid®} cholesterol mechanismo] ¥£3 % key genes® o3&
ZF Z=4. (A) Expression of hepatic LXR; (B) expression of hepatic FXR; (C)
expression of hepatic CYP7A1l; (D) expression of hepatic PPAR; (E) expression of
hepatic ABCGS8; (F) expression of hepatic CYP8B1l; (G) expression of hepatic
ABCGbH; (H) expression of hepatic NPC1L1; and (I) expression of hepatic LDLR.
p-values were determined using a one-way ANOVA

(*P<0.05,"P<0.01,and""P<0.001).Unpublished data
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19 97. Proposed mechanism for L. plantarum P3 reduces cholesterol level

O BSH &4 o5 L. plantarum P3% conjugated bile acidE deconjugation A1 Z 4 <.
BSHell ¢]3] A4 ¥ Unconjugated bile acidx= &A1 o] w7] wj&io] EH o7 ujEw 11D

o]z ols FFe] AFFI BhF. o)A E

bile acid A4S FA 817 98] TFEFAF Al
AAAAZE A 32 7. FXRo] down-regulation ¥ i CYP7A1 ¥} CYP8B1<S up-regulation
A A ZU2HZS bile acidz A@ste] FelxvE 2522 =8 L3 L. plnatarum P3

+ LXRa ¢ PPARa ¢ agonist & 2}-&3}o] beta-oxidation # Fd|2~HE &S FXIsho

F FdlaEaET FAAYS FaAA. olYd A4 P3 AFE TP A=ME

sup--2a0 @O gknto] @ A A 557 9] female C57BL6/J] UW¥F A 2] o]
(FF vFol), ATt 1 L. plantarum D2-1 (1x10°9CFU/day 74+
Fol) A¥F+ 2 L. plantarum WCFS1 (1x10°9CFU/day 747 59)

_]

=] S . = = [e) = = [e]
A TS Wel Y MY 4. 25 F

17) Ger P.A. Bongaerts et al. 2000. Bile acid deconjugation by Lactobacilli and its effects in patients witha short small bowel. J
Gastroenterol 35:801-804
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a9 99. Alpha-diversity of the cecum sample. Unpublished data
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a9 100. Alpha-diversity of the fecal sample. Unpublished data

- Alpha—-diveristyoll 1 WCFS1% Shannon, Simpson, EvennessolA] 24 & ® i, D2-1&

Simpsonol A ¢4 AA sob.
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138 101. Beta-diversity of cecum sample.
(@)multi-dimensional scaling (MDS) plot (b) phylogram.
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1% 103. Beta-diversity of feces sample Unpublished data
(@) multi-dimensional scaling (MDS) plot (b) phylogram.
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Relative abundance
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Taxonomic binning at Class level
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100 4
80
g
]
c
]
£ w0
2
]
]
2
E
B
540-
I
E
G
20
]
g &b
100 5

cumulative relative abundance (%)

0 - |

 Ilhsiog

o

B

B

'EEEEEEES &

# o__weinows_ Firricutes
@ c__wmingan_ Bachria
B o Leilcutes

e _Erpsipeltrcha
# ¢__Ezalonprofectacters
# o__Deupecteobaciena
® ¢_Delerrizacteres
® o__Clostidia
B ¢ Racleroda
@ c_ Basil
® ¢ aphageoteshaciera

BEEgEI Y

# _mkrann_ Firmicutes
1_unknoan_ Dafaprotechacteria

# I_rinoan_ Closindues

# {_mbnoun_ Bacterncidaies

5 I_whooin, Eacleria

W {_unbpoan_ Achapeoteabacteris

# |_Rumiecoccicese

# i_Frimreiacess

§ 1_Frevielacee

# |_Faphymrotsdacese

cumulative relative abundance (%)}

100

80 |

cumulative relalive abundance (%)

80

Taxonomic binning at Order level

100—'I

40

20

0_

o_arkionn_ Simicaes
@ o_arinosn_Detapeiesbacmiy
W o_winoen_Saceria
® o_arinosn_ Aizhaprolcbaciea

® o_Erpsizeiobrichsies
Cemdfovirorales

8 ¢ Yamprovibrio
# 3__wknewn_ Ruminococcateae
@ §_wnkoeon_ PrevoteEacess
® g_wiewan_Perphyromonadicss
) g_wnknonn, Lachnosiracess
@ 3_wnkoenn_Firmeotes
# §_wikosn_ Desifosibrcnaceae
® §_wknown_ Daltapeoipcbatiens
 g_wkoown_ Clostrifiaies
# g wiewon_ Baderodales
# o_whooun_Baceris
® o__wikewnn_ Alphapratechactena
# 3_Turcibacter
# g Fuminoeserus
# 3_ Foseturia
# g_Famoactemides
@ g Ouciliacter

3 Ddoribacter
¥ g Mucispiitgm
@ g_ Laciobaciin
# §_Lacospiaoea_ncetas_sass
§ 3 Inbssinronas

4 Helcoac
# 3_Fiswnitackr
# g Closingium XP:

A_Anasrstnag
® 5 snaeraclasma
# §_sisipes

13 106. Relative abundance of classification at the class, order, family and genus

level in cecum.Unpublished data
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[ unirgun,_ @ G__winoon_ Pophwomoracacess
f Mghaproecbace [ L
: r_'n..m..:Sw @ G_ringen_uachnanpiraveas
o 1_Rienelaceas @ ;_usinoen_ Fimiules
F aceae 80 @ §__iminoan_ Desutoverionsonse
4 e PrTTey ® g urhnoon_ Sloatridiaies
§ 1_Porphyrareon o L
Rumimgun_ 3actematales
- ® 1_Lactobackaceas = Dty
® ® 1_Lachrcspiracean i ~ ;: 1 Alghapeoiectacieria
e 0 1_Huleobaciaracaas g . :__me
3 o oo B 7_Fosaburia
H # I_Deslioviorionaceas 8 e
T : :_EW“ : E 60 5 Oseileace
N . Cdanta
3 1_BdellovErcnacess o [ cher
] 1_Sacismidsoeae [ ® 5 Lacictachs
E L g ® ;_Lechnospiraces_incerise_sedn
= ® o Helechacie
B E ® ;_Flmvondraciar
% g # 5_Clostiidhum X2
o w 40 - # 5_Clostridm Xy
E B # ¢ Clogtridhm seomy 3ircio
= L] o Clawttidiom IV
3 2 & o_Bunymcicocts
E E i Ffdosacteivm
=] 3 # o Fattenides
[ # 5_snasrchuncus
20 4 ® ;_Alckaculom:
® §__Ahtoes
g -

chotuybaceBEEBEsERELES

19 107. Relative abundance of classification at the class, order, family and genus
level in fecesUnpublished data

AW HFE W3k phylum o)A genus level7h#] AW itE W3lE =439S, Cecumo A=
feces Bt} phylum Firmicutes 7Y =4 S4 5. & 232 Dufrene # Legendrel® WH o
2 83t D2-191A4 phylum Actinobacteria 7} fecesolA =A YERLES. D2-1&
Clostridium cluster XIVal9®} Bifidobacterium®| < 7+s WrH  WCFS1S  Turicibacter,

18) Dufrene, M.,and P. Legendre. 1997. Species assemblages and indicator species: the need for a flexible asymmetrical approach.
Ecological Monographs 67:345-366.

- 164 —



Clostridium, Allobaculum,®} Parabacteroides’} < 7}&. alpha-diversity 7} WCES1ol4 ¢
Z7}sk A Y indicatoer’} D2-1X.t} WCFS1ol A o Z713S 2 5 9L,

Clostridium XIVa

Relatve abundance ¥

Control Dz2-1 VWCFS1

Clostricium (sensu stricto) Turicibacter
20 - 2.5
= - = 20
1.5 g
= 1.5
1.0 8 e
ar
% 0.5 i o
= =
o.0 T T o.0 = =
Control D2-1 WCFsS1 Contrel D2-1 WCFS1

I3 108. Relative abundance of specific strains modulated in cecum microflora

Clostridium Xiva Bifidobacterium
5 — 0.3+
— ;‘- -
2 4 =
2 - -
= 3 —|_ =
s =
- -
= 2 0.1+
o 0.0 ; ——
Control D2-1 WOCFS1 Control D21 WCFS1
Clostridium (sensuwu stricto) Turicibacter
2.0 - 5§ = &
= : =
S 1.5 84
= =
e £ 3-
2 1.0+ a2
- L
é 0.5 é 1
= =
0.0- 0 - —— ;
Control D21 WOCFS1 Control D21 WCFS51

19) Julie Paquet et al. 2000. Electrical conductivity as a tool for analysing fermentation processes for production of cheese
starterslnternational Dairy Journal vol. 10(5-6), 391-399
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Affobaculuim Clostridium IV

0.5 z 1.5

&

T

——
TSI,

0.4 -
0.3

0.2

—L

Relative abundance (%)

Relative abundance %)

L T
conwol D21 WOEST Control D21 WCFS1

FParabacteroides
0.4

0.2 —

0.1 -

Relative abundance (%)

L
Control D241 WOCFS1

19 109. Relative abundance of specific strains modulated in feces microflora
Unpublished data

- Rota rod test: 1% 433 #o] 20rpmol Al 15% 7}4(20-50rpm)oll Al 5% =43 2 ZAx
Go] ol oy D2-1 Ao 7P = AL 1)

¥ 83. & 1&9 Rota-rod test 243}

Control D2-1 WCFS1
Distance (m) 469.14 + 245.2 525 = 141.8™% 49257 = 85.4™*
Drop time
17 + 11.2 18.65 +7.2™% 16.60 + 4.4™%
(sec.)

Values indicate mean + SD.

n.s.

means no significant difference.

- Grip strength test: F2F AA LABA | 1&F0] =i 7+ &7 TAAE Fad2 g1l
o D2-1 I1Fel 7MY = AES 29
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300+

C
o
200-
3
=1
(=]
c
3 100-
S
[
o
0-

Control D2-1 WCFS1

1Y 110. Effect of LAB on gripping power (g) (n=9).
Unpublished data

- Hind limb muscles: 7} 152 Hind limb musclesS I+ % Body weightol] thH]ste] &
A st & A3 D2-191A4 o)A A 7H =& A3E B4
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29 111. Hind limb muscle mass®] Micro-CT evaluation20

0.05-
a— *
=
ﬁ; 0.044 1
sk
z
=
S 0.034
m
)
2 0.02-
= |
E
o
= 0.014
=
£
m

0.00- .

Control D2-1 WCFS1

a9 112. 25733 7|54 TF9 Hind limb muscle 57} &3 Unpublished data
- biochemical serum +4: Serum glucose level> 5 Fo] 1504 743 3L blood

20) Pasetto L, et al. (2018) Micro computed tomography for non-invasive evaluationof muscle atrophy in mouse models of disease.
PLoS ONE 13(5): e0198089
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lipid9] indicatorq] TG+ <7tste stsls. CK 4=

Pat D2-1 252 AifA e e $AE5 Hel #4 index?] LDH2 WCFSOA 7}%} #Ha

1S, EgH oz D2-194 glucose #H4A TG 71 CK 57F 43S E w energy
o

. o 5 5150
metabolism +% & 4TS & F AN

¥ 84. ZF 1% 9 serum biochemical analysis 2 3}

Post-exercise

Parameter Control D2-1 WCFS1
Glucose (mg/dL) 117.3 + 207 94.7 £ 16.7"* 104.7 £ 14™
TG (mg/dL) 26.7 £ 13 22.3 £ 6.8™% 21.7 £ 9.6™*
CK (U/L) 168 + 82.5 61.7 £ 29" 80.3 £ 63.4™
LDH (U/L) 369.7 + 244 320 + 42.3** 246.7 + 50.5™*
Lactate (mmol/L) 4.17 + 0.05 3.29 + 0.71** 4.00 + 0.2™*

Values indicate mean £ SD for n=6 mice each of post-exercise group.
TG, triacylglycerol; CK, creatine kinase; LDH, lactate dehydrogenase.

n.s.

means no significant difference compared with post-exercise control.

-2 2H5As Ve A= 2EY AR Y AP in ovivo 23 glste] @ Ento] 2.5
Ao 5542 female C57BL6/J= 38 Folxfo)7 AA A F7F /HAE F
= glojAwt MY ATFS 1A o= D2-1 57t 25743 715 =R 2EE

S H = ol]Oo
EET)\)\U-

HU
2
2
o
ot

- Az FATY AAY B
T8 EEICTERE:
HEF 13,840
%/&i‘ 5,910
I1EEF 1,674
ZjA]—H] 1,521
27 22,945
prEam 12,667
g = 5,800

21) Hsu, Y. J., Huang, W. C, Lin, J. S., Chen, Y. M., Ho, S. T., Huang, C. C., and Tung, Y. T. (2018) Kefir supplementation
modifies gut microbiota composition, reduces physical fatigue, and improves exercise performance in mice. Nutrients 10.

22) Chen, Y. M., Wei, L., Chiu, Y. S., Hsu, Y. J., Tsai, T. Y., Wang, M. F., and Huang, C. C. (2016) Lactobacillus plantarum
TWK10 Supplementation Improves Exercise Performance and Increases Muscle Mass in Mice. Nutrients 8: 205.
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1) BE3Fy 9 123 FAE Y 7sAdE

(1) P22 H42 W 71545 GSL (Glucosinolate)

O GSL9 A<

AR AEse] o4 dAatERA AR, AFnigel, dF, A, meze, W
5ol AART Axsosl gol xad f3FReY ¥edorRy fA8 & Ax
& R AL ERER

ME W (methionine), €Y ¥¢ebd  (phenylalanine) 1]

(tryptophan) ¥ & o}lu]:=AF (amino acid) S 2FEH A EH. AA3}H AL

= e vAEd ot &S d4S W 7FEEsl 2490 myrosinaseol ©] @A

¥ e BAER 27 ®. GSLe AbEe] Aol Ftaatel o dEds g
[e)

(2) Glucosinolate®] a9t &3}

O GSLe &4 38t

R group? thdAd wE oz F79 GSL TolAE, 39 = &3 2 dedx dx
B2Zg o %ol &A% GSLS! glucoraphanine® glucobrassicine target GSLZ 7.
GSL2 a3l 7F o] FojAan A talabEo] 1egk 235 veEded, S84 Ee 1A
ol 93 =S A HH AEA 2 W myrosin AlE Wl £t GSL 3 &4
¢l myrosinase’} EH)E L 3 AFT}F HPo 2R E3F GSLo] WEFHo &3 myrosinase
of o] GSLo] 7F+3dl %ol A. Glucoraphanine E=#]% =& WiE=thd myrosinaseol
9]3) isothiocyanate & B2l sulforaphane® @ 3l % i1, glucobrassicin< myrosinase®| 2|3}

indole-3-carbinol® #3}7} oA, o]w] A% sulforaphane¥ indole-3-carbinole] &t &
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O GSL9| &<t a3 d7ty=

o
T
3

ox

- ¥ A isothiocyanate® B ¢l sulforaphane® indole-3-carbinol-& <& Wt
carcinogens®] A& 935k Phase 1 €491 cytochrome P4502] &AS
P4E doux] EetAl sk Phase 2 8491 o8] detoxification E42EQ #HE FIAIK
24 g a945 7HH.

2) 7)Y BAY By

(1) Sulforaphane #2419

AQUITY UPLC BEH C18 column (Waters, USA)

LC
(Waters, USA)
AQUITY UPLC BEH C18 column (Waters, USA)
Column
50 mm x 2.1 mm, 1.7 pm
Standard DL-Sulforaphane (Sigma-Aldrich, Germany)
Mobile phase o
A 100 % Distilled water
Mobile phase o
B 100 % Acetonitrile
Column i
45.0 C
temp.
Sample .
4.0 T
temp.
PDA 202
_ nm
UPLC-MSMS detector
Flow rate 0.1 mL/min
Injection
1 pL
volume
Isocratic Time (min) A (%) B (%)
(6min) 6 70.0 30.0

3% 2. UPLCE ©|§% Sulforaphane #4%
(2) Beta-carotene %

O UPLC-PDA (AQUITY UPLC BEH C18 column - Waters, USA)

O Column : AQUITY UPLC BEH C18 column (Waters, USA)

O Mobile phase : A : 70 % acetonitrile : methanol (85:15) B: 30 % dichloromethanol
O Flow rate : 1 mL / min

O Injection volume : 3.5 uL

O PDA Detector : 254nm

(3) Vitamin A
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O UPLC-PDA (AQUITY UPLC BEH CI18 column - Waters, USA)

: AQUITY UPLC BEH C18 column (Waters, USA)

O Column

: 1)

: MeOH (1

. Acetonitrile

O Mobile phase
O Gradient :

Isocratic

: 0.4 mL / min

O Flow rate

: 3 ul
325nm

O Injection volume
O PDA Detector :

3. BEFd Fabe &8 AdEA Az 4 (13D
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O TMR (Total mixed ration) ©]&?
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At A Az AY

5

$S 77 16, 14 kg 22 AY

20 kg

Ho

)
i
B

o, U7

5]

2o o Ax

_
1o
oF
—_
o

el
B

i

224

H

o) o
o

Nfo

HAs
s

H34

FAB
22329 (kg)

TEHAR

HEHI (kg)

NAFEAE (kg)

20%

16

20%

16

30%

14

A7)

30%

+

14

20%

16

_
70

20%

+

16

~
_/O

30%

14

~
70

30%

14

~
70

30%

+

14

20

20

Sample No.

T1

T 2

T 3

T4

T 5

TEG6

T 7

T8

TO9

T 10

T 11

(D) AE A A Al 34 2 A8 A

%)

O ALYAE Az 9

(¢F 500 kg).
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E 2. BEZYRAE, BFA, AP ALHA Y A8 AFH 2

Gk e B

AAF
Ng Ng A3
Az WE ug
O B227 %35 o 1000 g& 7
7F B3 £ gl Fo] HEE o 5
-]'_o ‘l‘: Ho ]u oo‘l‘ ]‘g“o}o%“ O =825 AAH7] 96
REEgd | AR mRege s s el
PHE | FRUgel wone we oo g u | o0 T8RN 69
- ColA 72 hr A% A7,
@z | 2 ) O JEHH
A= ﬂ . O 72 hr ¥ Ax71 9
O A v FARF S GSL 54 A | oL ANEELS 20
P WEn WE ok 800 g A3, DRSSO B o2 P B b X%
kX g 14 olgstel A% gz w | o 1
O wE#"= v, Wrg 11 G 2 @ e o | O PH
2gA |9 9ARE oF 300 g Fol 200 o oo 714 2 GSL
- g —m. -
HEZ olaF 2N =] Bre g
&5 ol83sto] AH. _ _ O (APF=ehm Al d 3 = o
O BzZe A Lga8 Eialtol o] &

Ad ArdE A Fol BEE o]gate] AH.
O A% W #2%37F 8 GSL 545 9
g WE Ry WE oF 800 g AF.

o wujo] eluk g% 2
gprLole) Ax FY 5

E

F 117 B2Z8 FAE AdEA HiE 5 3W
7

s o 7093 TR AR

(2) A3 AtdelA 2E g8 % Als A

u oAz s F 3309 AALAE

O AYeAE Az F F o 09 Fol WEA B ALAAE ARF (LRI P4

AL E A H2E 119
YE&Eo] EEyo] 2

O Alg AF = HdA
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1) AE AtdElx] 985 dubxdE B
¥ 3. A1E ALY E A AZRE Y3 9559 duAR
Sample Name | Zg#d X Z3IE A A A B FAAAESA
BE232¥
1Az 27.27 2.97 22.07 25.51 30.34
TE
w7 12.47 15.96 7.70 8.07 20.27
a7]& 14.28 3.56 3.40 10.86 32.87
w273 10.09 1.83 2.27 48.40 59.19
HEHZ 8.12 0.69 3.53 25.81 42.78
BRI s (Q/F7)e e Ay 2379 AV =2 EAo S 94 A
Tgxo]l BEEY dels B2 4o vydoe] TS, vyl sk sdsts 3o
A8 wn e QRS Wl Awe e Aow delned.
2) nzIe) 2R AL A ARIA B}
(1) Flieg’s scoring
O pH @& o] &3 Al=7kA] H7}
X 4. pH 2 AEES o] &3 AL EA H7F 7]F (Kimermeier &, 1963)
AEE )
Fliegd4| 7}
15 20 25 30 35 40 45 50
81-100 |o}F &% 3.6 3.9 4.1 4.4 4.6 4.9 5.1 5.4
61-80 ey 4.1 4.4 4.6 4.9 5.1 5.4 5.6 5.9
41-60 HE 4.6 4.9 5.1 5.4 5.6 5.9 6.1 6.4
21-40 e 5.1 5.4 5.6 5.9 6.1 6.4 6.6 6.9
0-20 |o}F U= 5.6 5.9 6.1 6.4 6.6 6.9 7.1 7.4
- A ALY A A pHE AL ElAe] A& wet 1 7ol &8y, AAAl w
29 Ad g R gtd AEEo] &S pHE YolA L, w2 AEEo =545 pHeE
HFaHez 543 AEES 7ITo2 33 S v pHIF $2 Ao F4o] 473
O Alg AFdE A pH 54 2% 2 H7}
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£ 5. A9 ARdEIA] pH 54 23 R 37}

Sample Dl AEE®) 3
(%71;210%,—) 012 26.37 e
(@71%T,220%,+) 4.57 23.21 zo
(‘?—471;;0%,-) 4.45 32.84 AENE XY
(%‘7];,340%,” 3.92 31.23 o} Fo

(UV&T,Z(?%,—) 4.47 21.45 zo
(UI%,TZ(?%,H 3.93 22.32 ol &
(UVJT,SS%,—) 3.92 28.82 o} To
(Ul7&,T3(E)3%,+) 3.88 32.22 olF &
(uﬂ“a‘g,sgo%,n 4.23 33.21 o}z zo
(co:trlo?,—) 6.8 7.38 o} F pum

- pH 54 % A7 23 FAEE HYole APTE diEddA £ 77 ol Fo Ao,
FAEe B71E vE 30% 2olF H2E AIYE A AT olA A= pH7F 9A
skom flieg’s scorings &3k B7tol A ofF F55 HEUNS. FASEE 94 R BEFY
FAMETE AFL A2 o] &3 TIFAlA = pHZF = vstew @7 A3 ofF Y-S e

o] o
AN H .

S MEAE RIS AFete]l 1 24 &S SAR Wrhshs WHOoR 4L 24, 4
FHS Bl B4 U 2 o] mEe AN, FAIF ddtel FHSE AFdtel WA,
O FI1 FHS ol §F HE

3 2L abe] 24 Hlge] we gl FAY. 53 1

- 180 —



(Zimmer et al., 1966)
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¥ 7. 42Yole A4 gFE E3 HUUE (Conway 5, 1962) (9] & A4 %)

gmels) A B s ¥4 A #4
NH3-N/TN <8 8 ~ 15 > 16

O AA Ax Tl wa FEUcty Ake] FA/ FoW A EA AdeAZ Y. W

oF grmulole] Aol gare] 10 % oletebd 1 FA ALY Hohg.

0 AT AR A] gRYote) A g 5S4 R Ut

# 8. AlE AL A FEUYote A g R B} (29 T 22 %)

Sample drYole A4 7}
T 1 (27]1&,20%,-) 0.57 i F4
T 2 (27]&,20%,+) 0.54 i A
T 3 (27]2,30%,-) 0.46 a F4
T 4 (27]1&,30%,+) 0.44 a4
T 5 (77%,20%,-) 0.66 a4
T 6 (M7,20%,+) 0.33 i FA
T 7 (17%,30%,-) 0.28 i EFA
T 8 (M4,30%,+) 0.31 4
T 9 (4E%,30%,+) 0.49 il E4
T 10 (control,-) 0.34 a1 EF4

O AA AW AdeAse] gmyotd A4 e BE 8 9% o AFW AIAAR
B7h.
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¥ 10. A9 ALA YHAE B

Sarmo] zd#d  ADF NDF  DDM DMI RFV = ZAW X3
ampe A2 ¥ A4 F A4 F A4 F A F A F A F A F
T1

(7] %.20%,-) 15.58|18.36|19.57|21.40(37.28|35.34(73.65(72.23| 3.22 | 3.40 |183.8/190.4| 2.64 | 2.97 | 6.66 | 8.95
=, 0,~

T 2

2 7] S 20%.+) 18.09(18.23|17.68|20.12|35.53|32.87|75.13|73.23| 3.38 | 3.65 [196.8|207.3| 2.76 | 3.56 | 7.32 | 8.87
= =, 0,

T 3

(7] %.30%,-) 12.94116.89(18.88|19.76(37.93|33.62(74.19|73.50| 3.16 | 3.57 [181.7|203.4| 2.16 | 3.36 | 5.42 | 7.16
=, 0,~

T 4

2 7] S 30%.+) 17.66|16.60(18.88|18.72(37.25|34.42(74.19|74.31] 3.22 | 3.51 [185.1|202.2| 2.47 | 3.05 | 5.89 | 6.99
= =, 0,

T 5

16.24|18.12|17.77]20.71]30.55|33.01|75.06{72.77| 3.93 | 3.64 |228.6|205.5] 9.56 [10.32| 5.89 [10.28
(v17%4,20%,-)

T 6

17.47|17.54|16.44|20.78|27.86|32.95(76.09(72.71| 4.31 | 3.65 |254.2|206.0{10.48| 9.66 | 8.82 | 9.48
(774,20%,+)

T 7

14.64115.77]18.83|21.02|31.50(35.11|74.23|72.52| 3.81 | 3.42 |219.2|192.1{10.56|13.10| 9.49 | 8.12

T 8

14.81|15.68|18.48|18.85|31.85|31.30(74.50(74.21| 3.77 | 3.85|217.7|221.3] 8.96 |10.90| 8.04 | 8.28

T 9
12.88115.04(40.45|38.84(52.55[49.98|57.39|58.64| 2.28 | 2.40 {101.4|109.1| 2.00 | 2.60 | 5.52 | 6.63
(w27,30%,+)
T 10
27.27118.94|125.51(28.25(30.34|132.71169.03(66.89| 3.96 | 3.69 |211.9|191.3| 2.97 | 5.78 |22.07(20.33
(control,-)

0 NE AdEA AnAE B4 AF 57

Al Atdex e dubgR B Aalo] e TS 2aMAS A9d ymA AR FHEo
A gEE ES doron mEAS 30 % 43 MAE ES S T 95 o E HluTE B}
dadez A FHAZ HriEolF. 53] Uy 20 % Ha vAE HFES 3 T 2 Hy v
20 %S A3 mAE HES S T 6 o 20z FJEIGAE BF [55S #pon o}

FEE s BF ES wtornz dubgl B Hrlode Ad 1EF AY
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Fe W = FAR FEel 20 % 2 Aol £ AEAH B4l
3 53 T 27t A1 71540l & AP HrhHolW. £ FAS
0 #& Afol p5As At bRt ool 259 754

:

[o5

I¥ 6. SXERIE ol 87 71544 WUt

O 71274 #7F A3}

£ 15. 7134 HIkE A% 21 2 HA3s=

Sample z7] §A% A A% 29
<
(kg) (kg) (%)
T 2 (27]&,20%,+) 30 0.8 97.3 1
T 4 (R271%,30%,+) 30 6.2 79.3 3
T 6 (9]7,20%,+) 30 5.8 80.7 2
T 8 (9]7,30%,+) 30 9.4 68.7 4
T9 (W27, 30%,+) 28 20.3 27.5 5
T 10 (control,-) 18 17 5.6 6
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¥ 17. 23 B2 29

FAE

Al At Aol o]gd €

22 2YASY 4R 9

(Unit : % DM)
Major material
Crude Crude Crude Moisture
Name X Ash . Etc.
protein fat fiber contents
HEe Pake ADF?* 25.51
27.27 2.97 22.07 n 93.00 -
(/=71 NDFE": 30.34
Supplementary materials
Crud Crud Crud Moistur
Contents u ? uae Ash .u ° olsture Etc.
protein fat Fiber contents
- ADF: 25.81
H]E g 8.12 0.69 3.53 - -
NDF: 42.78
ADF: 45.79 .
=5 1.72 0.44 1.39 - lignin: 4.71
NDEF: 80.43
FHARaLE 7 Bt 10.50 2.00 19.00 25.60 12.00 < 0.30
A7 2495 14.90 3.50 20.50 21.70 11.80 < 0.30
ADF: 8.07
s 12.47 15.96 7.70 - -
NDF: 20.27
ADF: 10.86
278 14.28 3.56 3.40 - -
NDF: 32.87

@ ADF : Acidic detergent fiber,
U (/27

oF 93% =

o.ﬂi%ﬂ

Azd A

249 A

?lo]

R

d. FHAE
g9, vEYE

- 193 -

W AbE7EA B

b NDF: Neutral detergent fiber.
M d v 3o kel vl &o] wlg =
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ol 5] ADF%} NDFe| H| &
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% 18. 274 nE2 BAE AYIAY AR B4 L A= A 97}

Feed value
NDF (%) ADF (%) CP (%) TDN (%) REV Grade ®

Tl 45.6 97.2 16.4 67.4 138.0 1
(W.C.18%.+) : : : : :

Te 47.9 97.6 14.5 67.1 131.0 1
(W.C.26%.+) : : : : :

T3 42.7 96.0 15.4 68.4 1495 1
(R.C.18%+) : : : : :

T4 475 927.9 13.7 66.9 131.5 1
(R.C.26%+) : : : : :

Ts 51.9 38.5 17.9 58.5 105.6 2
(D.C.18%.+) : : : : :

TG 56.7 40.9 13.5 56.6 935 3
(D.C.26%.+) : : : : :

7 195 33.1 16.7 62.8 118.6 9
(F.C.18%.+) : : : : :

T8 53.1 343 15.3 61.8 108.9 2
(F.C.26%.+) : : : : :

T9 63.2 38.5 10.9 585 86.8 4
(C.C.18%+) : : : : :

T 10
©.C2604) 62.8 37.3 10.0 59.4 88.7 4

Tl 33.8 93.7 18.7 70.2 193.9 Excellent
(B,B,18%,+) ) : . . . xcellen

Tz 353 94 4 16.3 69.6 184.1 Excellent
(B,B,26%,+) . . . . . celle

T13 973 14.6 921.9 774 963.9 Excellent
(R,W,18%,+) ’ : : . . xcellen

W : wheat bran, C : corn cob, R : rice bran, B : beet pulp, D : cassava distillers dried
grains, F : fibrous feed, % : Total additives / total silage amount, + or - : L. plantarum
treated or non-treated.

NDF : Neutral detergent fiber, ADF : Acidic detergent fiber, CP : Crude protein, TDN :
Total digestible nutrients, RFV : Relative feed value.

4 RFV grade @ Excellent ( >151), 1 (1517125), 2 (1247103), 3 (102787), 4 (86775), 5 ( <75).

(1) o189 534 &5 S NDF, ADF 3 CP= AHd iAo 4 &4

e RHAR AR TI9 T109A & & A FEol 1)
S =elol . T9sH T10S A9t yvx] Ae+Ed 2 5 L
7HR. 53 mEEZhS RPAR AMEE TI1, T12¢ w732 97183 AHEE T13¢] wj$-

4o o Ho it
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Hel 2FHE FEHEIAR AL AYFE (T1 ~ T10) solA 273 v} o] &3 A
- 228 AL A TS (THT10)o] vl %

CE3 Zawe E—a‘g A2 o]L-3 TI9} T10914+= RFV 3t
gelo] HA|RE HEHZ vES ALE3E A g

x%o] Q
of H]st

1 T (T13)2 RFV #e] vl$ =7
E UE dEAoE RYAEAe] FFe HEH

lkl Jl

)
=
o g $rd Sl Aact

O Ald AtdelA] pH 374 23 2 37}

E 19. 23 B2E3 FAE AP AdX e pH € AEE 7|9 & 5F
Sample pH DM(%) Grade
e 4.03 30.79 Excellent
(W,C,18%,+) : . celle
L 4.03 32.38 Excellent
(W,C,26%,+) : . celle
T3 4.01 27.09 Excellent
R,C,18%,+) : . celle
T 4
(R,C,26%,+) 3.96 33.15 Excellent
To 4.30 25.51 Excellent
(D,C,18%,+) : . celle
T6
(D,C,26%,+) 4.15 30.39 Excellent
T 7
(F,C,18%,+) 4.39 26.01 Good
e 4.33 29.80 Excellent
(F,C,26%,+) : . celle
T9
(C,C,18%,+) 4.62 26.23 Good
T 10
(C,C,26%,+) 4.36 29.92 Excellent
T 11
(B,B,18%,+) 4.13 23.88 Excellent
T 12
(B,B,26%,+) 4.08 30.28 Excellent
T 13
(R,W,218%,+) 3.93 25.45 Excellent

W : wheat bran, C : corn cob, R : rice bran, B : beet pulp, D : cassava distillers dried
grains, F @ fibrous feed, % : Total additives / total silage amount, + or - : L. plantarum

treated or non-treated.
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O
=

FRol N FEo] pH 40 XHto g =Ho] Hof wgrl 2 dojutk Aow Hel H3x
SEFS 26% HM7EsE AEltEo] 18% H7Me AEGE Htuh pHZF 9 b} = 4
X

A W7eS BEAR W7hE TI3e] AW B pH g w9l dene dA A2 ToA
pH Swol sttt A,
(2) 22} BREE BAE AY ArdE A §7)AF s 2 5ot
H# 20. Organic acidE 7|¥to.2 3 Flieg’s scoreE o] &3 ALY A £4 H7}
Organic acid (% DM) Flieg’s a
ol i i i i : : Grade
Acetic acid Lactic acid Butyric acid score
(W CT181% +) 4.03 12.25 87.28 0.47 100 1
T 2
(W,C,26%,+) 4.03 11.35 88.65 0 100 1
T 3
(R,C,18%,+) 4.01 10.72 89.28 0 100 1
T 4
(R,C,26%,+) 3.96 7.99 92.01 0 100 )
T 5
(D,C,18%,+) 4.30 21.75 77.27 0.98 96 1
T 6
(D,C,26%,+) 4.15 24.34 75.40 0.26 93 1
T 7
(F,C,18%,+) 4.39 23.37 75.87 0.75 96 1
T 8
(F.C,26%,+) 4.33 19.74 77.87 2.39 86 1
T9
(C,C,18%,+) 4.62 36.35 62.22 1.43 77 9
(C cTzé% +) 4.36 29.77 69.60 0.63 84 1
(B Bﬂéé& +) 4.13 28.19 71.81 0 88 )
(B BTZé;J +) 4.08 24.51 75.49 0 93 )
(R wTé??% +) 3.93 8.70 91.30 0 100 1

W @ wheat bran, C : corn cob, R : rice bran, B : beet pulp, D : cassava distillers dried
grains, F @ fibrous feed, % : Total additives / total silage amount, + or — : L. plantarum
treated or non-treated. * Quality grade : 1 (100781), 2 (80761), 3 (60741), 4 (40721), 5 (
<20).

At A Wol| e F F7]4F ¢ acetic acid + lactic acid + butyric acid, T=3F 7|4 &k
©  Lactic acid $F#o] =i Butyric acid d#o] XS4E i A AL AE FAdy o F
2] Ard g Aol A lactic acid o] =il butyric acid &#o] o} a7l & oyt
al

H7beE T1IT14W AE 534 %

F& 3eHIARE st dEr|L&H vAtS 4
| "% =3 butyric acid §#o] ¥ EAHO=E Flieg's

A7Fek T13 oA lactic acid $F&o



et

socre 1004 S BSogA g 9433 wgR dAur ol A ZF WS FEA
o] &3 T9¢ T109] Aoz 8 Hg 5o Hld Flieg's score ko] YA &

= ol

2

O ApdeElx o] WA, 3 i Mg Abgrel ofs) HrhdomA AtdelA e BE sHe &
ek e ARl "bE AT EERlE HAES AR

a9 10. 22 R2Fe BAE A ALYAY 53t

E 21. 2z AR AMLE A9 #AeH AT Score of sensary test results
T1 15
Avg. score Grade
Tl 15 2 T !
(W,C,18%,+) T3 16.66
T2 17 1 '
(W,C,26%,+) T4 16.66
T3 16.66 1 .
(R,C,18%,+) ' Ts 1533
T 4
(R,C,26%,+) 16.66 ! T6 14.66
T5 .
(D,C,18%,+) 15.33 2 4o "
T 6
(D,C,26%,+) 14.66 2 T8 13.33
T 7
(F,C,18%,+) 1 2 T9 13.83
T8
(F,C,26%,+) 13.33 2 T10 17.33
T9 -
(C,C,18%,+) 13.83 2 Ti1 14.83
T 10
(C,C,26%,+) 17.33 ! T1iz 14.66
T 11
(B,B,18%,+) 14.83 2 T13 12,5
T 12
(B,B,26%,+) 14.66 2 0 5 10 15 20
T 13
(RW,18%,+) 125 2 2 s o
W.18%, a9 11, 24 A9 AL R} A
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E 22. 22 A AHEEAY 7124 37 2 ® Agroup

Feed Intake amount of the test silage B B group
Intake amount (%)
ration Grade T1 —9-%_;.
(ke) Group A Group B

I 76
T1 ey —————————————————————————— 0%

(W,C,18%,+) 10 99.5 100 2
T2 T3 - 9.7
(W,C,26%,+) 10 76 99.7 4 N
T3 L ——————————————————————— S
(R,C18%,+) 10 70 997 6 EEE— 37
T a L ——————————— R )
(R,C,26%,+) 10 71 100 5 To —
| IEH
T5
(D,C18%,+) 10 32 2 ’ T7 — 1
Téo 10 28 40 11
(D,C,26%,+) LB %
T7
T——
(F,C,18% +) 10 64 49 8 Ts - 91
T8 10 19 22 12 T1i0 . b

(F,C,26%,+)
T9 10 91 41 7 T11 I 100

(C,C,18%,+) 100
T 10 e 100
(C,C,26%,%) 10 72 28 10 IRy ———————————————————————————— 1)
T 11
I 50
(B,B,18%,+) 10 100 100 1 ey [
T2 10 100 100 1
(B,B,26%,+) 0 20 10 60 80 100
T 13
o 10 90 100 3
(RW,18%,+) a3 13. 23 AF ArdER 9 7134 H7F A9

3. MEEY PR B8 AU Az Y2 Y (124 AL Az 0w BA)

R AYTAA W S5 AHE BHS ()
A TeAE e AelwEel Wa we RFV 54
FOEE S 4. RRe] ATl AT 4EAS A
DA e AdTse va REVA 54 4o 2L B

mw}
Aeligel wd we FAE m% Sem A gl
Soll 4 !
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S FEAR AHEE AgTEe] WIS AR AT Eel vls] Flieg's socre?t A U2
= Aoz IAE. gz v|E] FPAE FUtste] 8 243 AP E0] Flieg's scoredl
e suol =4 o= A o2 e wep o] dojA FiE 2T FAk HE o)
A S vHE Ao AlRE (Y T1S Hadgo] F4 J= Aoz Hol A9,

O 29 7154 7t u} E FHAR 20%s A T27F 7 71&
dol F& AMYEA R Hdt EFXE BYPARZ 20%E AFES T6°] T2 theo
2 71340 EA vEhd. B3 REAE 20% AFEE AlLE A Eo] 30% AFEE AL E A B
Al =2 VsAde 19l FTele] &9 7|EAdE A FFS 20%2 3= Ao

op

O 714 FFl e AdelA FA ko) BEw LPAR vFS AEHE Aol WIE
2 Mg AR BoE Ansh Usha 30%0) $HA dgel Fo FAZ ot ARzt
AAA, 29 /154 Brhsh vl Bge W PHAZ DLe AgetE Aol gl
) 71E4el A bk 20%] EA GOIA ko) A1EAel o FA vebd AL
Az sed QoM BE FAol FAHAW 29 s1EHe] o $HA Holof gk @O
2 DEFY YA MEBIS vFe G 20% A AALAT 14 NG AdeA
oA g HAR Az zPow By (g7 Aee AEF AnE vasud A 7}
Aok FGol QoA Aolsk WA B Ao Mol AUA ] Azel HolA wGH A&
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¥ 23. 1z HEZE BAE A AR AME7HR], E4 2 7134 37 A5

Feed value Quality evaluation
a Organic acid (% DM) Flieg’s Palatability
RFV | Grade pH Acetic | Lactic | Butyric | g.ore |Grade
acid acid acid
T 1
(W.B.20%.-) 190.4 | Excellent 5.12 4.60 2.96 0.77 13 5
T 2
(W.B.20%.+) 207.3 | Excellent 4.57 4.72 7.59 0 64 2 1
T 3
(W.B.30%.-) 203.4 | Excellent 4.45 2.81 6.59 0 79 2
T 4
(W.B.30%,+) 202.2 | Excellent 3.92 1.26 9.68 0 98 1 3
T5
(R.B.20%.-) 205.5 | Excellent 4.47 3.36 9.67 0 77 2
T 6
(R.B.20%.+) 206.0 | Excellent 3.93 2.70 12.68 0.04 93 1 2
T 7
(R.B.30%.-) 192.1 | Excellent 3.92 1.62 10.09 0 98 1
T8
(R.B.30%.+) 221.3 | Excellent 3.88 1.32 9.80 0 98 1 4
T9
(BW.B.30%.+) 109.1 2 4.23 3.53 6.69 0 68 2 5
T 10 191.3 | Excellent 6.80 10.38 0.06 0.2 50 3 6
(control,-)

B : Beet pulp, W : Wheat bran, R : Rice bran, BW : Buckwheat bran, % : Total additives
/ total silage amount, + or - : L. plantarum treated or non-treated, RFV : Relative feed

value.
* RFV grade : Excellent ( >151), 1 (1517125), 2 (1247103), 3 (102°87), 4 (86°75), 5 ( <75).
b Quality grade : 1 (100781), 2 (80761), 3 (60741), 4 (40~21), 5 ( < 20).

(2) 22 B2 g BAE AY Aldax] Hrp Ay
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¥ 24. 27 BRZE BAE AIE AHLYA AEHA, F2 2 7134 B9 23

Feed value Quality evaluation
a Organic acid (% DM) Flieg's Palatability
REV Grade pH Acetic | Lactic | Butyric | ¢.ore |Grade
acid acid acid
(W,C,T181%,+) 138.0 1 4.03 12.25 | 87.28 0.47 100 1 2
(WyC’T262%’+) 131.0 1 4.03 11.35 | 88.65 0 100 1 4
(R,C,TISB%,+) 149.5 1 4.01 10.72 | 89.28 0 100 1 6
RC26%4) | 1315 1 3.96 | 7.99 | 9201 | 0 100 1 -
(D,C,T185%,+) 105.6 2 4.30 | 21.75 | 77.27 0.98 96 1 9
(DyC’T266%,+) 93.5 3 4.15 24.34 | 7540 0.26 93 1 11
(F,CTES?%,H 118.6 2 4.39 23.37 | 75.87 0.75 96 1 8
(F,C,T26%70,+) 108.9 2 4.33 19.74 | 77.87 2.39 86 1 12
(C,C,T189%,+) 86.8 4 4.62 | 36.35 | 62.22 1.43 77 2 7
(C,CT,2é%,+) 88.7 4 4.36 29.77 | 69.60 0.63 84 1 10
(B,Blj1éc170,+) 193.9 |Excellent | 4.13 28.19 | 71.81 0 88 1 1
(B,B’f2é;;,+) 184.1 | Excellent| 4.08 24.51 | 75.49 0 93 1 1
(RYWTJI&B%’” 263.9 | Excellent| 3.93 8.70 91.30 0 100 1 3

W @ wheat bran, C : corn cob, R : rice bran, B : beet pulp, D : cassava distillers dried
grains, F : fibrous feed, % : Total additives / total silage amount, + or — : L. plantarum
treated or non-treated, RFV : Relative feed value.

* RFV grade @ Excellent ( >151), 1 (1517125), 2 (1247103), 3 (102787), 4 (86775), 5 ( <75).
b Quality grade : 1 (100781), 2 (80761), 3 (60741), 4 (40721), 5 ( < 20).

Pk AMES 3 T11, T12 ¢ 7]
CES 2FS BE YA Fo]
2 wolou ¥EAR 2E A

= = 3
el ArErlxds ada 25 wke o83 AT EcdMe oA AR ATl A
A = =

Zhll = T9E A3k A

). 3A T Flieg's scores

£ Flieg’s socreZ ©]83F Alg &
FAZ F2lo] ¥ (T9 T3k -3k
|

it
o o

=4

THS 7T FIAR st v A L7 &S AESte Aol FRA Rt
I AFAVZAIRES AFESE Ao HlE =2 Flieg's score XS B, AR AFY 2] X of A

Acetic acid $t#o] =31 bu

o~ o)
E]—_'ﬂ_%—,—g)\u

yric acid @] BAl FHH AR mol Wzt W F Aol

—
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O &9 7|24 FrtelA = vEHIE FFAR AR TI1 T12914 718 7154 =
Y= A U S5 3% FEAR A 2rles AR AEghE (T T T4, T13)
°f T T12¢] thgo® 7ol Fuhe A3t Ustd, shAwr Z5& 3% FIA2 7}
ahEg bl AR V1298E o)8d A TE (T5 7 TIOCAE b AEd &) 7=
ol "ol = A om #ey SolgornE: 250 A3 & TFE TEFIAZ o&d A
el AEFs e Bots W B do FEol EAS: AS ISl E. AN vE
HE, A71E aa mAE olgste] Az Agaclie el ol X o A&

O 12 Bead #its Ag AtdeA e 23 BeEy BkeE Ald AAde e dis vla
sto] A 3o HeEy FAbe AAdeA Az UHS F9ste] 2 2o wE i Be
=2 Fabe AR E Alzst ARFE el AEE sk Aol H3x4.

O 12 B2 FAE AlE AtdelAeA e BEFe ke vEZAZS v s
20% H7bRE AR YA7E HE AR Alx 2dem AdEfew, 23 HeEey Fabe AlY
AtdE Aol M = RERZNE BYEAR AR AY e nAdE o8& ARdE A7 A4
g Az 2HoR AdHds. AEAoR HEad FAbe AAdEAE Ax st oM B
2z PEe] 5980 FIAR HEZZE ol&sy I dIES ol&sto] gdtE
AA a2z A LS A 1] 2] = 20%) Akt HELS A5k
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¥ 25 H2ZE BAE AYHA OF Ax A
=5 B A SR ] ] F
- L. plantarum ®* 5-8A| > FEF
n2Ze (kg) HERZ(kg) AALky) L N TEES (k)
7,200 900 900 + 20% 75% 9,000

@ Lactobacillus plantarum (1x10"° cfu/13kg silage) : treated (+).

b Total additives / total silage amount (w/w 2).

O R PiE AW AdeAE Axer] A B PR (9
o)
=

4 o=Z27Y w3 (oF 7200 kg). =g FAQ v EHZ o} WY
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groceot by-product Heet puip Wheat bran
{leaves & stems]

a9 14, B2E FAE AR dF AZE AT 95 Y]
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O 714k Shefo] wE wg F2 Hrlo| A=) lactic acid EFo] 11.54% % acetic acid<b
butyric acid Bt} & F3Z BAYS. & lactic acid %3 pH 3.969 X & b Foj& uj
7

fFAF gy 2 Aol Aoz ALEH. Flieg's scorers 930110 159 #4295 gl

O uhebA 41 A3 TDN 70 o|4, REV 190 o]4, pH 40 &},
Flieg's scoring 15w < YEUo] & di=F Axd oA =44 E Ax 279 7o YA
=

A L EARR T13 AFRZEA S} 2R EE oA tied 54 7 e Aew 3A

# 26, F Alx B2FF PAE LaARY AMEVHA 2 a5y B3t

Organic acids (% DM)

DM TDN Flieg’s 2
(%) (% DM) REV pH Actetic Lactic Butyric scorel Grade
acid acid acid
Broccoli
by-product 22.8 71.7 213 3.96 2.97 11.54 0 93 1
silage

BBP, broccli by-product; BP, beet pulp; WB, wheat bran, DM, dry matter; TDN, total
digestible nutrients; RFV, relative feed value

U Flieg et al. (1938) determined the method how to evaluate the silage quality as a score

? Quality grade according to Flieg’s score : 1 (100781), 2 (80761), 3 (60741), 4 (40™21), 5 (
< 20)

O &y 713k T A YA W 2=

(A) (B)

359 —  Outdoor
—— In the Silage
5
< 30-
e
=
=
)
= 254
&
20

0 5 10 15 20 25 30 35 40 45 50
Fermentation days

g

a9 21 AR 71 T BEEY FAE 2AAE R 2E 53 W) 22 75
AAe 2E7], B) A% 717 F BEEE AR TEAE WF 2x9 s

ol



Maxim integated, USA)S A ]'3}04 19 18], 6047 &%= =4 8.

B yR2eE A 294 HAd REE ST T FA3 st A 1594 27
SRR ok F AN e7lkd piste] SelbA= AdFs vE (1™ 2D,

s A F @714 A4l Ass AFD A5 A 7] 59 ¢kl H4¢] 2R
b FEEE AeR FAT 5 glE wEk BEEe Fabe dasad] A4 2avike
LE T8 F FE7RPAA ngste] Fed WF2ET U 2R HEote s 164

- 2232 U dided dSEH 988 b= sulforaphanes B2 FAME AP A Y]
A o kA %E%] g A4S MYsiAs. BEEEFY 3F FEde sulforaphane%
B3y BaEe £7]9 o= 3387 mg/kg DM 5o 2

Ei%ﬂ l‘i"&%oﬂt sulforaphane & #o] B2 3}¥ Jieo oF 1/3 #xo= i—xﬂ

Bray e FiAEs EFste] Ax 3 BEEy PAE ARdgAdAE Alx 7

Al sulforaphane®] 3$F#o] 91.64 mg/kg DMo] =Ajst= 2 &2l

Ard 2] 217 Wt g sl 59t sulforaphane?] W3lgS &7] 8 ]—O’E]X] Az FIdS 0w
2 AdAste] dFdntt}t sulforaphane® &S SAAS. 1

1 E sulforaphane®] 1579 3 320 mg/kg o2 90% o] 7HAstgS. o3 ¢F | mg/kg F
%QE 651 A&H = TJr% el g E AZsta Bg g8o] 7MY =2 159 Wl
Alell % = I3k (¥ 22).

n&

sulforaphane©°] &
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100+
L

80+
60
40+

204

Sulforaphane (mg/kg DM)

0 T > - » > ?

0w +1lw +2w  +3w +4w 5w +6W

Fermentation weeks .

g 22. 27 7|7 F BEFE BAE AL YA
U sulforaphane &) W3}

O Beta-carotene, vitamin—-A, phenolics acid, antioxidant activity 4]

- H23Y FAE 2axse e dy ¥a $ 754 EZQ beta-carotene, vitamin A,
T

2 total phenolics content (TPC)3% %

o
=
activityS %538l radical 27 TE& o] &3] Atz wE HA3 Fo A3t AT WHIES

A =

-2y T AdE A W vlERY Aol A beta-carotene ¥ T Wl o]
7hebe= A3E YERRAARE BHIEN A S FoHoR Fo=e A
TPCE= g Ao wla) g & oF 20%7F s 7Fstg o, ol 3itsl =
=49l beta-carotene¥} TPCS 214 S7hel] uwzt 4tst =7 wta
E F 6053%E FoAoR A SUkeke ASs T F AMS (F 27)

® 27. BEZY BAE AMLEYA 2E A Fo VA =2 & ¥

Broccoli by-product silage

Functional ingredients SEM P-value
before fermentation after fermentation
Beta-carotene 12.0 28.9 1.02 0.0003
(mg/kg)
Vitamin A 0.702 ND 0.102 0.008
(mg/kg)
Total phenolics content
(mg GAE/kg) 166.92 201.28 3.03 0.001
DPPH radical scavenging 39.11 60.53 2.15 0.002

activity (%)
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(2) ol RS e D wE 24

0 nEFe AduAe] Yrd AYRFAN AR FolFd S TMRH v wsd s

9N, UX 5 Fe AREe] nege AR AduAst d ¥ A9t AL AAw
AUA Brhel B% AdeA= Aol i TMRS AAl gholmz LA oy
e BFHOE Mol ME = BUsThn Q75

g

A €<= Aolzta Ad

% 28, BEFE FAE AU} 4PEF TMR 29 Hlw

B223 S
N j | e s TNR

T TF (%) 77.2 37.8
CP (%) 19.0 16.5
NDF (%) 31.4 39.3

EE (%) 3.9 4.4
QR CA (%) 8.9 11.1
(DM 71%) UIP (%) 5.7 5.9
DIP (%) 13.3 10.4
NFC (%) 36.7 29.4
NEL (Mcal/kg) 1.67 1.62
1:1 8E71F (kg) 1 0.37

1:1 dE71% (kg) 2.73 1

O AlA7]IZF &3k 71E TMR Fo %9 20%E5 B2ZFE F4HE AMA AR A Fo.

F 29. B2 EY FAE AIGYA R 7]E AR WiF 2AH (14 34F 7€)

71& 9% TMR 27 %
H2Z29 AHLEA 326 kg
=H AN A (&) 340 kg
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<4EB>

g E ST
HREF BN UK YUE ~08.30) 0% HERE B8 AU g9
é ; £ ; é ; i ; |
) i 13 H H 1 L] I
Q808 FoRT] 4848 atst 08,31 R85 i ) 6827
3 2 2% 4 33 2% % £
Lo H £ 5 L) 3 & % L) i - £ % £ T" Ed % L) # £ S&W;ing Wﬁw

a9 23. B2 EE FAE AR F9 AS 4 A

71ZF 0 17. 08. 08. 7 17. 08. 30. / A&+ 713+ 17. 08. 31. ~ 17. 09. 27.

2y w2y A

MAE % / Fat / protein / lactose / cell / SnF (Solid—not-fat)

4 23

MUN (Milk urea nitrogen), 7]%

a9 24. DelLaval 2% Z{7]

6G) At Ad A (EEd)
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Iy 25, B2 Z ¢
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STI

O ALEE TMR 4570718 ol §3te] 9 332 whro] Folakgim, 879 A@7I%F B
2R1#771(VMS], DeLaval, Sweden)E Fd 25 WFstdar 74 2F-59 7d FANF
o WY ABoR AEsa, WF 18] 7 F{SZPE SRAZE ARG FAR BA o
g3 e
Control period Test period
1 x
- < Control feed > y < Testfeed>
*W' Commercial TMR (72.28% DM) | Commecclal TMR (33055 DM}
L | + Rye silage (27.72% DM) 1 + Broccoli by-product silage (14.78% DM)
Sl S I + Rye silage (26.17% DM)
-w -Iw -iw Tw +iw +iw +iw +Hw
Start [sampling} {zampling} {sampling} [sampling} [sampling) {sampling) [sampling) [sampling}

a9 28, H2FE BFAE AMLERA F9 AMEAE AL

2) BEse PR AdeA Folzt HHS WA MAE 9P

O BEIFY FAE dwaize 7] A48 TMR dAEZHE dotry] 98 AF77 =

o

71 #Z+Y44(DIM: Days in Milking)oll w

O Alge o]&H Z2ERR] F/F5 AFAd
1+ B, 105 DIM 739 + 6.9 days)e.& Ui &

2t 2718 (18 A, 55 DIM 146.8 + 22.9%;
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tA} Central Test
perind period
—

-+ Group A
! == Group B

Average of milk yie ld (kg/d)
2
L
.
.Hh‘

(1] T T T T T T T T T T T T T T T —T T 1
0 10 20 30 40 S0 B0 TO EO 30 400 110 120 130 440 150 160 170 180 190 200 210 220 230 M0
Days inmilk (DIM)

(B) Group A (C) Group B
@ = S
Tets phricd
& Tonsl parod & Corl Perad
# Complptron -» Test Peried

e TR pR0d %

M yleld (kg
]
Witk yiekd [hy )
B 3
= 1w g
—
- .

b

Days Cays

Iy 29. HEZE HAE LaAE F97F FANR X ¥ 4. (A) FAA59 dHA

234, 2F A (65, DIM 146.8 + 22.9Y, Hl#+%7]), 2% B (105, DIM 73.9 £ 6.9

days, H]fZx7]), B) F AY "R 7|3} AFT 713t Atole] FALE ¥st £4, (C)

I%F B U&7 71t AIEF 713 Aol A WE B4

(2) Aol mA= d3&
O fFA4& &9 WsleE a5 A, BollA dlx=7 7| Al 7]3te] it $F A5=4
H HWH(milk fat), 9% (milk protein), % (lactose), ¥ F A28 (SnF, Solid not Fat)¥]
shaFs BAste] vl 1 Ay ZARSE BE fA R dE) ﬂ%z:r“’ﬂ Hl 3] A FRell A tha
B B BAou BAMCR FoHQl Aol UEhA 2k (1™ 30).

O o9 AF A3s T W, AF5E WE2E 7|E 48 TMRS B2 FAE 2
FAEE AE 7IE 20% dASt] o A AN 2 AR 9 5, A fFoA
 WBE Y shA| ool B wtiol A AAste BERFE FAE Al A AL giA 3o}
A7 .
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2 1.04 B
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0.0 0

A B A B
a9 30. A1E717F W FAE B3 89l (A) milk fat (kg/d). (B) milk protein (kg/d). (C)

Lactose (kg/d). (D) SnF(Solid not fat) (kg/d)
3. Ax BEEE FAE AMLE A AR AFEA] AFSA E

1) AbebA] AFFAIE (0¥ S 0 SNU-180219-1)

O Mgt adnte] 9yl xS FAALA A= AF
Lahmann Brown-Lite) 52F% 10055 Ao = Axs B g3 =
S APsE ZF AolA F 54-E vt 1071e] AolA| 7 ¢ aF o R 7|E Abkek
Z BERFY AdEAE 25% (25 A9 5% (15 B)E #H7iste] Ag 2 B985 283k
2) Al@Ats B 713k

(1) A A= A=

O 50 kgol Bz FAiba AFLEAE 66TAA 3 &< A=xd
Z 5 mm °]ste A2 2.

ot
u
o
X
)
et
¥
¥0,
kit
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age] foH Aol

# 30. A7 S BEFE FAE AMYLEA 59

= (3 30).

AAA A

Treatment
Items p-value
Control B2.5 B5

0 TO 1 WEEK
Daily feed intake(g/head) 119.73+0.02 a 114.49+1.86 a 112.39%£1.79 a 0.1502
Average egg weight(g) 57.63%£2.39 a 57.61£1.80 a 53.46+2.47 a 0.3375
Feed conversion ratio 2.077£0.09 a 1.99+0.06 a 2.10£0.09 a 0.56257
Hen-day egg production, % 98.10£4.04 a 95.71+3.13 a 90.00+4.36 a 0.3390
1 TO 2 WEEK
Daily feed intake(g/head) 119.71+£0.01 a 117.23+£1.28 a 115.54+1.02 a 0.1918
Average egg weight(g) 57.33+1.01 a 55.52+1.35 a 54.31+1.26 a 0.2374
Feed conversion ratio 2.09£0.04 a 2.11+£0.05 a 2.13+£0.05 a 0.8077
Hen-day egg production, % 94.29+1.74 a 91.43+2.13 a 90.57+£2.21 a 0.4194
2 TO 3 WEEK
Daily feed intake(g/head) 119.71+£0.01 a 116.88+£1.49 a 115.07+£1.04 a 0.1964
Average egg weight(g) 56.99+1.26 a 56.72+0.81 a 54.12+0.38 a 0.0668
Feed conversion ratio 2.10£0.05 a 2.06x£0.03 a 2.1320.01 a 0.3984
Hen-day egg production, % 93.33+2.06 a 93.43+1.49 a 90.86£0.74 a 0.4203
3 TO 4 WEEK
Daily feed intake(g/head) 117.43+0.33 a 117.45+£1.25 a 117.73+0.65 a 0.9745
Average egg weight(g) 60.02+1.88 a 56.25+1.42 ab 53.75+1.11 b 0.0277
Feed conversion ratio 1.96+0.07 a 2.09+0.05 a 2.19%£0.05 a 0.0840
Hen-day egg production, % 96.19+3.21 a 92.00+2.47 a 89.43+1.89 a 0.2016
0 TO 4 WEEK
Daily feed intake(g/head) 119.15+0.31 a 116.51+0.74 ab 115.18+£0.65 b 0.0160
Average egg weight(g) 58.00+0.84 a 56.52+0.67 a 53.91+£0.71 b 0.0009
Feed conversion ratio 2.06%£0.03 a 2.06%£0.03 a 2.14+0.03 a 0.1085
Hen-day egg production, % 95.48%+1.42 a 93.14+1.17 ab 90.21+1.25 b 0.0179

Each value represents the mean+SD of ten replicate cages(five birds per cage).
a-b Means in a row without a common superscript letter differ as analyzed by one-way
ANOVA and the TUKEY test.
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# 31. MHA A2 B2&g §Fk2 AMLEA Mg

CI5=2 Control 1 Control 2 T 0.2%*** T 0.4% T 0.8%
B=ge 28.8k 28.8k 28.8k 28.8k 28.8k
. g . g . g . g . g
EREYEES)
nay | MEZEZ 3.6kg 3.6kg 3.6kg 3.6kg 3.6kg
20%) | =< 3.6ka 3.6ke 3.6ke 3.6kg 3 6ke
MHA MHA
- MHA DW LP 200mg#+ MHA 81.9ml
(Methionine hydroxy 163.8ml 327.6ml
nalogue) 350ml* DW 350ml  DW 268.1ml
a DW 186.2ml  DW 22.4ml
Sampling Z+ 129 0d, 10d, 20d, 30d, 60d, lkg® A#3F] sampling
« BG4 20% BRBY FAE AALA FEEF oF 10%2, A2 T oF 097% FETF 4

<

[}
wx LP (V] ZHE) 200mge 3.0 x 107 cfudll 33
wor MHAS] %= BREeE Fabd ApdeA] 33 7+

2) MHA A B22e 248 Adeld 42 24
(1) AxF ALLDAE 0, 10, 20, 30, 6023l AFY S, R BAS Bake] 2 A4n
H

AP A wE, BEY 21 Ve = I Wk &)l gt o

Aelvk EX4E 3.

tlo

(2) dRbAE

O DM, CP, EE, CF, Ash, ADF, NDF 5 4t A& B4 APstgon] MHA g BE&

o

ofo

ol

ol

o n
8 ™

sel AdeAe] AR BA AR MR B 7 ES 275k MHA A7 A

Ao AR A E HaLE A ek

O AWrAo=m BE A FolaA A grol Hl=d S B o248 MHA A& &0
T, AR A AR JEdES AR B RS FgAE A8 AFE FI M e 23
o FYA S} vE&S FaL, 1o BHA AxEA7] "ol Controldl A= £ ZAHE o3k
+. TDN A3#&5 Bd, BE Aol 70 d52 & 2345 43 £33 RFVE o &3 A}
8 7} #H7F A3 Conld 60YaE Al¢slals RE AMZ oA Excellent 595 W2, MHA
= A3 BRE Ay =3 15173 o]Ae] Excellent SHOE U$S. EgHor S
0270.8 % MHA®] #7F= 13 E4oluy Alm 7HA] Adt g2 gle AS & F Us
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¥ 32. gvt A& 4 27

DM cp EE CF Ash
Sample Date
%
0d 24.70 18.65 2.94 13.37 8.51
10d 24.20 18.67 2.81 17.83 9.89
Con 1 30d 92.07 20.59 4.02 17.22 11.57
60d 20.53 20.30 3.84 19.26 11.74
Mean | 22.88 19.55 3.40 16.92 10.43
0d 24.00 18.26 2.91 14.08 8.35
10d 97.40 18.04 3.30 17.2 8.14
Con 2 30d 26.53 17.75 6.23 16.33 8.27
60d 95.00 19.59 3.03 18.26 10.18
Mean | 25.73 18.41 3.87 16.47 8.74
0d 26.63 19.14 3.55 14.84 9.17
10d 26.53 17.20 2.91 18.99 8.43
T 0.2% 30d 03.67 20.41 3.95 17.19 11.24
60d 93.33 18.67 3.05 16.98 10.26
Mean | 25.04 18.86 3.37 17.00 9.78
0d 97.33 17.76 3.03 17.83 8.25
10d 26.33 20.15 2.34 17.31 9.91
T 0.4% 30d 24.20 18.32 3.47 16.94 8.92
60d 26.07 19.30 3.83 15.82 9.88
Mean | 25.98 18.88 3.17 16.98 9.24
0d 24.00 19.05 3.36 15.84 9.12
10d 97.67 18.43 2.92 15.39 8.97
T 0.8% 30d 97.60 18.37 4.58 17.12 8.69
60d 95.40 19.56 3.55 16.02 9.92
Mean | 26.17 18.85 3.60 16.09 9.18
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£ 33. 22 BEZE FAE AR AL £4 R AE 7HA 9

ADF NDF Ammonia TDN RFV
Sample Date
%

0d 18.82 37.06 0.31 74.03 186.35
10d 21.89 39.13 0.50 7161 170.80
Con 1 30d 21.04 34.69 0.67 72.28 194.44
60d 24.08 43.96 0.69 69.88 148.43

Mean | 21.46 38.71 0.54 71.95 175.00
0d 21.60 4157 0.30 71.84 161.28
10d 992,49 1315 0.40 71.13 153.88
Con 2 30d 20.45 36.73 0.47 72.74 184.80
60d 2347 43.02 0.65 70.36 152.70

Mean | 22.00 41.12 0.46 71.52 163.17
0d 19.36 38.58 0.32 73.61 177.99
10d 93,68 42.21 0.38 70.19 155.27
T 0.2% 30d 91.13 34.10 0.63 72.21 197.61
60d 29.16 40.18 0.58 71.39 165.85

Mean | 21.58 38.77 0.48 71.85 174.18
0d 93.48 43.15 0.31 70.35 152.22
10d 93.29 44.36 0.39 705 148.38
T 0.4% 30d 21.79 36.59 0.42 71.69 182.86
60d 19.39 39.02 0.48 73.58 175.93

Mean | 21.99 4078 0.40 71.53 164.85
0d 20.67 40.42 0.28 72.57 167.54
10d 21.17 10.16 0.32 72.18 167.72
T 0.8% 30d 93.66 37.95 0.38 70.21 175.98
60d 20.96 38.97 0.44 79.34 173.23

Mean | 21.62 39.20 0.36 71.82 171.12
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(3) 714 24 Az

£ 34. f7]AH(Acetic/Lactic/Propionic/Butiric) ¥4 A3}

LA AA PA BA
Sample Data
%DM

0d 1.82° 0.57" 0.08" 0.11°

10d 15.95" 2.14° 0.13" 0.14°

Conl 20d 20.53" 2.66" 0.52¢ 0.50%
30d 21.34% 3.83% 0.29° 0.84°

60d 25.30° 4.76" 0.49° 0.37%

Mean 16.994 2.794 0.30 0.397

0d 5.75° 0.82° 0.00° 0.00"

10d 8.30" 2.95" 0.00" 0.00°

Cond 20d 20.11° 2.58" 0.03" 0.03"
30d 21.91° 2.30" 0.04° 0.12°

60d 21.26° 3.03° 1.99° 1.03°
Mean 15.474 2.3417 0.414 0.2417

0d 1.24% 0.48" 0.00" 0.00”

10d 9.85° 2.28° 0.03° 0.00°

T0.9% 20d 17.81° 1.66° 0.00" 0.00°
30d 21.93¢ 2.66" 0.05° 0.05°

60d 19.89° 2.59° 0.00° 0.06"

Mean 14.144 1.9345 0.02" 0.02”

0d 0.98° 0.42° 0.00" 0.00”

10d 10.62° 1.45" 0.00" 0.00"

T0.4% 20d 18.52° 2.03° 0.00° 0.00°
30d 21.10° 1.90% 0.00° 0.00°

60d 21.49° 1.32°¢ 0.00° 0.00"

Mean 14.544 1.4242 0.00" 0.00%

0d 0.64° 0.43" 0.00" 0.00"

10d 7.24° 1.09° 0.00" 0.00"

T0.8% 20d 16.07" 1.21° 0.00° 0.00°
30d 18.04° 1.21° 0.00° 0.00°

60d 15.70° 1.40° 0.00° 0.03"

Mean 11.544 1.07%7 0.00 0.017

O Acetic acid (Z4h)
- BE 59 109 AHE Acetic acide] d#o] F7Fete AEFS H 9. Acetic acidE A
Sk vtoll 98] 1 AFE<Ql Acetic acid7F S7HE. B 2E I vl S wf, MHA 0.4% *2
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O Butyric acid (44}
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e S712 Hol BE IFdA fAb Bavt dojuEs A& 4 . Conl 1w 204
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(7) Beta-carotene
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o
Shia
N X
e
=
ol
ol
2
=
t
r;'ﬂ

- DPPH #gtdZ AA% Ays I3 Avbdoe=z v=sh 4ads Bl wg 3093kl &
S =7 S7FskaL, S7FsE & T 60U A = A = A
GAE7E ks A E = Ao R Hot MHAZE 4tst
2 A ed,

— 235 —



B cont

=« § ¥ F
3 8 E R E
HelHB

{13y bw)uajuod sayouayd ejo)

= T02%
mm Tod%
T0.8%

=X con

B2

ey

ORI

(9.} Ayanoe BuiBuaaeds (eaipes Hdda

10d 20d 30d 60d
Time

0d

204  ®d  60d
Time

10d

0d

%9 43. Total phenolics $H=F W3}

1% 42. DPPH radical scaveingactivity

- Total phenolics content (mg GAE/L)

A

fl

o3

A7t =

a1, gk MHAS]

A7k

(7) MHA

Hho]] w0 2% acetic acidH} butyric

A7r=2 <Qld) pHE %

, MHA

s

]

B
ol

)|

—~
o

o

o
Hin

acidE

o

AM=E 7s

grol MHA
0.2, 04, 0.8%¢] Al A&+

1 o] #]

ol &

1) 31

=
=

ki3

153

.

o

%

ol
-

i
=
el

xr
i

o)
oF

won

e
o

ol

AJr

B

lo] A xdE Aow

7}E

+ MHAE 04% #

SOEE

e

g neEe R

o

el

A A

o

rvze)

x
o

2lA] g A=

o)
=

2. MHA A7) ngze 248 A

FAREZ TMR A% Ao A

=
=

=i}
=

O ¢ 289 B2Fe I

3

AR G

=
a

2]

fro!
TR

;Ot
w-
M

Ne

I F Al 20

&l

Al

3

A (auger)°l 2]

2%

=
K3

ToR

HE

ZdHl o] o

Nae=

45E AR

& Al
o o

A

Rk g o

1 A=

3

ol
0

0

il

g gsto]

A
A

— 236 —



¥ 35. MHA A B2Fg BAE A1dEA dF A

z Ag

Lot #1 Lot #2
Actual amount Mixed ratio Actual amount Mixed ratio Note
(FW) (% FW) (FW) (% FW)
Broccoli 842 kg 63.5% 1,080 kg 63.5
Beet pulp 140 kg 179 kg - AZXE FUlelo]
Additives 21.1% 21.1% ZHBEES. 60,495
Wheatbran 140 kg 179 kg 2A50] B
Oats A A
(Hay) 200 kg 15.1% 257 kg 15.1
0.38% 0.38%
(Methi MHAh dr oF (xﬂ“ﬂgz ot (xﬂ“ﬂaz T sa% MIIA
etnionine nNyaroxy R e /T _ s en a
analogue) (35.2% MHA) 0.16%) (51.8% MHA) 0.18%) 8|4} 5L AH8
Total 1,327 kg 100 % 1,700 kg 100 %
3. MHA A& B2 FAHE AMd A g 7154 HAE
D AE 54
O 2018 9¢¥ 25 A|x3 B2 Fe HikE ApdE Ao tfgh gk WAg- 3 FFRAL

2) ARAES] ol

(2) A& 71z 0 2019. 07-157 08-02(19¥ %1)

(3) FAZ 1 39.6+2837/ML =, HA(2) 18F
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£ 36. Y WA$ TA SxAR

B3 Addd 4
7091-9 2018-09-28 9.5
1042-8 2018-08-20 10.8
1023-3 2018-07-17 11.9
1859-8 2018-07-05 12.3
6490-3 2018-03-08 16.3
6498-7 2018-03-08 16.3
5054-2 2017-09-03 22.4
7089-7 2017-07-10 24.2
2460-2 2017-02-25 28.6
4284-2 2016-08-07 35.3
4215-7 2015-11-28 43.6
9730-4 2015-07-03 48.5
1869-1 2014-10-07 57.3
1870-6 2014-10-07 57.3
8073-4 2014-05-28 61.6
6211-9 2013-08-04 71.4
4404-2 2013-05-11 74.2
4809-6 2010-03-30 111.6

mean 39.6

SD 28.3

(4) AFF A

O FAF2 b (07:0007 A(06:00) AtEgo]l Aol 2=elde] 2931, AFAEF] FTH2
2 3w T AAEE #23FF AR S o T IARE 9 v AARE A2 S &
013 T S AlRE Folsts WHow Fold WA BEZg TMR AHLA =2 Fodea 1
AZE & S ARGl oH, T HAE AR S woetdlon, iAo R s WAy E
vt =

O FTA=9 I3 AlsFods= wd 3 HAS wgALE(TDN 72%, TCP 14%) 15kgét &
=

.
Felstgor, B3 $EATFEe B BAYE A% AL

o =
Okgoll Al 4.0kg, 2.0kg, Okg o= H3l4 2
o A 4.4, 55kg % 1l.lkge = H3lA o=
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F 37. NEAE dAE TFFHEFT 59F)

Felus Fol 54 AR EX DL 2o g IMR
1 18 54(3.0) 108(6.0) 40(2.2)
2 18 54(3.0) 108(6.0) 40(2.2)
3 18 54(3.0) 108(6.0) 40(2.2)
4 18 54(3.0) 108(6.0) 40(2.2)
5 18 54(3.0) 72(4.0) 80(4.4)
6 18 54(3.0) 72(4.0) 80(4.4)
7 18 54(3.0) 72(4.0) 80(4.4)
8 18 54(3.0) 72(4.0) 80(4.4)
9 18 54(3.0) 72(4.0) 80(4.4)
10 18 54(3.0) 72(4.0) 80(4.4)
11 18 54(3.0) 36(2.0) 100(5.5)
12 18 54(3.0) 36(2.0) 100(5.5)
13 18 54(3.0) 36(2.0) 100(5.5)
14 18 54(3.0) 36(2.0) 100(5.5)
15 18 54(3.0) 0.0 200(11.1)
16 18 54(3.0) 0.0 200(11.1)
17 18 54(3.0) 0.0 200(11.1)
18 18 54(3.0) 0.0 200(11.1)
19 18 54(3.0) 0.0 200(11.1)

@) NEAT 2 02
O BE2 TMR AdelAe Ao @ suds

- 199 Bote] NEVIZ B AGARY AE FLAADS NFAR 30kg, B WA
29+22kg ¥ B 237 TMR AtdEl# 58+3.1kgS YEelY B 232 TMRALE A 9] 7|54

o] & Ao vEhd

- B23g TMR AHL 8 A9 19 JdF =S 11.1kgle 2 e on, E=gddfE A3 A
F 174 E YERA S,
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£ 38. A AAE €Y F7 AFAF

FALF i = THH gy B2Z7 TMR A& A

1 3 6.0 2.2
2 3 6.0 2.2
3 3 6.0 2.2
4 3 6.0 2.2
5 3 4.0 4.4
6 3 4.0 4.5
7 3 4.0 4.5
8 3 4.0 4.5
9 3 4.0 4.5
10 3 4.0 4.6
11 3 2.0 5

12 3 2.0 5.5
13 3 2.0 5.5
14 3 2.0 5.5
15 3 0.0 8.5
16 3 0.0 10.5
17 3 0.0 11.1
18 3 0.0 11.1
19 3 0.0 11.1

mean(£SD) 3.0+£0.0) 2.9+2.2 5.843.1
O 3¢ HAFE #13 =228 TMR AL E A9 14 595 79 10kgeld = 753
o2 7|EAe] £ Ao YEigon #2732 1590 o] Has Aoz eSS
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SAHALE : MHA XN2| BE2E2| BEME AR

1. MHA A3 B2Fg HA4HE TMR Al di®F Az

O 2 AFE T3l AAS 7|&Y f4t HAF 28 ¥
Al (Methionin Hydroxy Analogue) @ e FAbE

H=
Alge Adstr] Sl At gz i AL
2) Az % AEY
(1) & Apd A Az

F 39. thF AL A wigE

Broccoli by-product TMR kg
1. BE3e FAkE 3,761
2. At 173
3. 234 38
4, 2o 44
5. 7117 86
6. Rz 395
7. 47E 697
8. H|EH ™ 610
9. S 697
10. MHA 29.55

* MHA= AF el T3 7= 0.398%
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HE Az A =g MHA £x & 2% =4 Hi= &

I3 44, W AR Az

(2) 04, 45¢, 10284kl F42 B 7led A& 242 A% A2" 1Y
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¥ 40. thx=7 4@+ 494

M
M
X
i
_%_1‘

DM CP EE CF Ash ADF NDF  Ammonia
Treatment TDN RFV
%DM

BES-0d 359.81 2176 4.17 13.08 975 19.07 309 0.4 7383 22291
BEES-45d 39. 2 23.09 5.33 11.87 10.05 18.2 29.65 0.46 7452 234.43
BEBS-102d 37.81 21.98 3.66 13.38 10.13 17.58 31.69 0.45 75.01 220,76
Cs 46.31 33.85 04 11.56 .36 15.52 32.09 0.73 7664 222 66
BF 2977 577 1.95 31.01 10.28 36.39 59.71 0.11 60.15 0434

BES-0d : broccoli by-product sampling on 0 day
BES-24d : broccoli by-product sampling on 24 day
BES-45d : broccoli by-product sampling on 45 day
BBS-102d : broccoli by-product sampling on 102 day
CS: corn silage

BF : balery straw forage

(2) pH & 714k

3 41. pHS} /714 24 23

Organic acid (%% DM)

Treatment pH
Lactic acid Aceticacid Propionic acid Butyic acid
EES-0d 5775 1.55 2.78d 0.25 0.9 50
EES-24d 38 19.61¢ 6.02¢ 0.4 1be 0.590
BES-45d 3.84 23.0% 6. B7< 0. 2d= 0. g5=t
EES-102d 382 28.58 9.430 0.68 126
s 5.07 15234 15,164 0518 0.0F
EBF 4.66 8.8 10,550 0. &7po 114

O pHS} At S Hol #§4F 2 a7t 0101}}\———111 47 A% 9] in vitro test AT A9} Y
shAl MHA A2l2 18] pH7F SolA wzA f4F gz 943 Aoz Algg. oz <l3|
CS (7|&A8) By -k F4de] s /\}‘”ﬂﬂﬂ Aok

ol
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(3) "=

[ BBS-102d
o mm CS

Microbic content { log CFU / )
=9
1

O HdwbtHor & zpol= glov akte] 4 AP hn oA v HEHE

(4) Beta—carotene

£ 42. vigp7lEd &F

Beta-carotene
Treatment SEM P-value
(mg/ kg)
EES-0d 0.5 N1z
EES-24d 3.27 0.16
EES-45d 3.74 0.02 <20.0001
EES-1024d 2.7 0.09
C8 0.33 0.01

h
1

Bate-carotene {mgf00g)

i
BES.0d BBS.2dd BBS.450 BBS-102d CS

a9 46. Wg7t2d 3 vlu

O wa ¥ WleptERe] ool 7L it Ao HEtEdE o Wel st Slw.
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(5) &diksts
[ BBs-102d
V2 — "  mmcs
= X
% 1501
2 100+
g
2ol
| -
DPPH PC

a9 47. DPPH & TPC H|x

O DPPH #h1)7 2A%3 & Augd n5 48704 gatun o 5 238 vdeh

2. MHA A BEFe] F4HE TMR AR &9 AFYE A1E

1 =4
O A d=e AAARAT, AF 4, A 34 AE, & 2+ 2443 =
A AR BN A9E EE e AR e @9 WS $4 AsRe 713
2) 717 2 AEE (S E 1 SNU-200505-1)
O of 3&zk AaAstdom 3F Ao AF L A5 =4, APsAL.
(body weight , body measurements , blood sample)
15t sampling 25t sampling 3=t sampling 45t sampling 5% sampling
! 1 | 1 1
} 1 ! 1 P—

od 20d 42d 63d 87d

a9 195, ALFAE AE
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£ 43. =79 497 TMR §9%F

lst (0-204) 2nd (20-424) 3rd r42-634) dnd (63-87d4)
Group Type
kg

Cs [ & ) 6

Con-TMR group
CESS) BF 6 6 6 6
BT 1 1 3 3
BS [ 2] B 3

BE-TMR group
e BF 6 & ) 6
BT 1 1 3 3

¥ C5:cornsilage. BF:barley straw forage. BT:hase TMR, ES: broccoli by- product silage

o A%
- AR BOE BETS AFT BF ATl FrhsE e nel AT 1z )
A4S #AT & Jon, 2 TOIE TMR Fo)ot 487 A& TAaA T
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& BB - TMR group

600+
B~ Con- TR group

E Slope: 072 L]
= 550 4 -
=
g Slope: 0.72
£ 500+ a *
o
m

450 T T T T T

0d 20d 42d 63d 87d

5
L
>
©
>
o
N,
N
ofy
M
oy
(B
o

o A9

- &9, AR, AL, AARaE Ao, Ade A WekA €. 71e71E Hop Alg ol

WEE s 4R £8 G4

e EB-THR oo * EB-MRgop
o— B Con- TVR gop Lond m  Con-TMR gogp
£ 210 5 lope
o — 1704 : - »
ke Siope: 0.002 £ ——
‘-E (] L L 3 w a gl _ﬂ_——w——'__!d_ﬂ_
‘5-! el . - ’ £ . Slope.0.01
£ 1.0 %“ 160+
g . = :
£ 190 o
150 T T T T T
180 T T T T T 0d 20d 42d 63d 87d
od 20d 42d 63d 87d
4 A
e & BE- MMRgroup g & BE- TR gap
T " Con- VR = 1454 B Con- TR ogroup
5 140 groLp E
o = 1404
§ s oo, g S
E oo —— e IS
0 E =i = < :
r . T Sigpe 001 F101 @ T Wyl
" =
é 1254 125
120 T T T T T 120 g \f X ] S
0d 20d 42d 63d 87d 0d 20d 42d 63d 87d
Az AR

¥ 50. AHF7IZE T A9 Est

@) Fop ¥

O MPT : Metabolic Profile Test
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- AP B BF AL AR BA Wek PP ANHoR AYTFS YT 1 2 Aol E nolX
o,
BUNS¢] 7% Aol A AFF7|ZE kel #2171 FHaekals. vl &5 sl ov, d 7)1k BUN
2|7} 7]
= 51 2~ 5] 5= o
A el glom Had FA= AMY 717 5 O 3 HealS
257 & Con- TMR group 104 & Con. TMR group
5 204 f 1 ® BB ThE group a 5 i i. BE- TMR greup
= " = L
2 - - : @ $ #
5 =3 £ 981 ¢
- 1 g !
104 ) 71
5 T T T T T 6 T T r T T
od 20d  42d  63d  Bid od 200 42d  63d  B7d
Gamma Glutamyl Transpeptidase Calcium
1 #- Con- TMR group 5 & Con- TMR group
®  BB-TMR group 854 & 89 TMR goup
s 81 % B0+ ;
2 7 4 o B e b 3
= t . ' ? 2 0] %
6 ¥ = E 654
5 - s 0d azd 3 Td
0d 20d 42d 63d  B7d 20 z 69 8
Inorganic Phosphorus Glucose
2104 & Con- TMR goup 405 ®=  Con- TMR group
‘__2210- ® BB TMR group 354 ® B9 TMRgrow
3 4 P ANyt
= 1801 | }| ug o $ . } }
g oy ¥ -{ = ] i +
140 2
120 T T T T T 15 T T T T T
od 20d 42d 63d  87d od 204 424 63d  87d
Cholesterol Triglycerides
081 ®-  Con- TMR group Lk #- Con- TMR group
f s & BE- TMR group iy 044 } * BE- TMR group
2 i =
E ; 1 { 2 03 : -
< 04+ { 1 i 3 £
@ < 02 } '
T o2 { i B i
@ 2 014 =
(Y3 — : : T T
od 204 42d 63d  87d 00 5 PP I R R

B - hydroxybutyrate

— 248

Non Esterified Fatty acid
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4.5 -

304 el Can- TMR group
@ Con- TNR group e 88 TMR g
® BB- TWH graup | T ‘
£ £ 4.0 ' 1
) 254 b T k-] +
g s . : + D : ]
[ ! m I
= 4 - J 9 .
3 ] ; = 35 | !
t
15 T T T T T 3.0 T T T T T
od 20d  42d  63d  87d od 20d  42d  63d  87d
Blood Urea Nitrogen Albumin
5.0 S L #-  Con« TWR group
e e E8-TMRgroup
4.54 + _ " e BB- MR gomp __a.-_.. 9]
i b .
2 a0 ¢ : 1 ) 2 4 i
=] » — Fy .
4 A o8
= [ L -
g : e | !
1.0 o 7 i
25 T T T - ,
od 20d  42d 63d 87d 6 T T T T T
0d 20d 42d 63d 87d
Globulin Total Protein
I 51. AFF7I3E B¢ 85 MPT AR &3 ¥Ws
O Vitamin A
- AT dET 3 AF YA G f99 Fog HolA Fg

) BB- ™R group

E 2.0
S @ Con- ThR group
o Tl m. = [
E 154
T
m
E
EI_EHL 1.04
c
=
£ 0.54
g .
I
c
= ool y . . Y
= od 20d 42d 63d g7d

¥ 52. AME7IRE ¢ EF HIERIA W3

- @ Fx AR &8 1% oleic acid)®] B A@F7E iR ol HE| fFoAH o
Ans BHov, EARARl ~H ol 2 ik (stearic acid)®] A5, APFNA g2 R
B3 B
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22}

A o

S|
S

F7F AP TMRE Al 23l 3lojA A

ki

_(H

Rk

7 AE (A A) Az
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il

o

ol

7l F2kE TMR o] 395
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2) Ax &4

() B2=e] 242 AdeAs Fold s ABSS B7]s ol gste] B4,

(2) spice, A7HA 2 BREY AH T B3 8583 &3
(3) 1F X T 4TolA 2447 A,
(4) A& A Aloldd T4 = Az

6) A=
£

6) X

¥ 44, 35 Ha7] AAA AZX 45 w Y]

& a7 £E
9] A7 3 %]_E =4 2=
a7 2317 A (A7) Spice 5 & (@=R=E=—2-1))
¥ (%) 67.79 13.3 2.76 1.88 0.95 13.3 4)

Iy 55. AAA Ax #}A

2) A #7271 ad
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H2Ed| Aelx| 3H8 4

1) FA PAE 2§ ALAY A o)

(1) 5 Fage A EAoh ARAROR QG Andnol Ut A9 2w Bon
A2 S9) B4R A4F Pom A Amu A5ol Aol wet b Al gl A
au Feol AFHT g

@ olel g shite] WAz Fu HARS AWMSEA FAHE BN RABS 437
oz Apmsletel AFgats Wil glowl, odd e F F AN Hugl ¥
A Sla Al A4 ) BRARA SWE W ZAE P

(3) e, BREe AReIA] A EeEE ASTARG o B Fo B P
BFANE 1 FEE 2A Fa) ArHT Q= @I, o ¥ 3
AR FEC oel g, ARANOZM FYHA, HE] /BH % o

RZo] /)%

2) BrEe Arde A e AAA o]
(1) BeIdde sEE)FEes AN A&ets Aastae frz sevdelss F2 A5
S(HA Ak oF T6%)¢F A R(AA AL oF 10%)7F FAPAE A, Az 25101

Ly
E (018 AL 248 B AT AAAE, THFAAFE, 2019 A (F 1.

X 1. 2018 B2ZFT JAAZ}

= WA (ha) k= (kg/10a) A (F)
871 36 1,645 597
7 267 927 2,477
—— 148 1,226 1,809
e 7 1,287 84
] B 16 1,212 191
A 25 3,184 807
R 16 966 157
A 3 796 27
A5 1,496 1,267 18,953
A= 2,014 1,246 25,101

(2) o] w, &, &7] & 3% kel of 25ui (AR °F 60,000=)2] HI A& F97F FAEEA
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e Ao HrHE Ao FAEY B3 3 (E AEREY)E AiEa G
° 5

ke (E719k e Z8ste] Tt VA Aol =i, '

PAEe B8 Ausk WA, FA] ALY FPol £ Fu o vobt B4 A4
Zab e ALbsd F49 w6 7% Aow 42E (19 2)

E

T H2EE BuE HEEE RH4E EE MEHE

I 2. BEEES B2 EY FAE

3) BeEel ArdelA el AAd w4

() BAA B4 A

g
Fol BEEA ZWeA W /M Ao 47y

(2) A 24

— 254 —



o 75

—Z
il

=

ki3

(M del 500 kg

o~ ==
T

T

2

8710

ojn

—_

e
o)

G

- olg A Brg e

o

A Aoz s, A Al oF 1209
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=
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file)
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23y

|

50 Y/kg<

7:51_

1/kg)e A9

o
s

1/kg)9k Az ¥4 (20
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ojn
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- olgA BEZY FAES 50
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=
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HA #7b 49< A% A, pHE WFe] 2ay
HA AbE A €] pHL 42 oo R F
old Ayt sFe] MHAE Aeletgle W] 2& &

A} jn vitro AEE F7ME A FSA .

-

(o3}
o=

2

| ¥ =

A ] o}z x

O -1

o

AN

A
Of

%)
W24, 5 AR 59

o,

ko

2) Az B A7z

1=

(1) AZ717 3 AZH

i

15tsampling 2"sampling Jrisampling 4"sampling
| | | |
od 10d 20d 30d
Broccoliby-product silage storage period
a9 1. %% MHA AHLE A Az AE AE
(2) Az U
4zPd o] A &St in vitro AdAAM 7MY B TEZ 08%E AAI}RoEZ 08% HUF
H 52 g2 295 A8 v H7) 1%, 25%, 5%= A5 dAsto] Axzsta, #Alx Y
25E 109 HA 0 R 309 st AEHe] 4 " Vs AR A A5t S
¥ 1. 15% MHA At9EA s FAF
9= Control (0%) T 1% T 2.5% T 5%
B2 EE (RAHE/HA) 12kg 12kg 12kg 12kg
HEHS 2.25kg 2.25kg 2.25kg 2.25kg
U7 2.25kg 2.25kg 2.25kg 2.2bkg
MHA
(Methionine hydroxy 0 187.4g 468.6g 937.2¢g
analogue)
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O zETot AP Autdon mE Auk 4
HA, BE A FolA 70 dF=2
I BE A oA 1617 o] 4o 5 A
MM 175 % MHAS A7t Q13 &Aooy Alg 71X A3

(o] mﬁ

i)

N

)

Iz

>

o M po
2 00

flo

’

o < N

50 3 oo ox

e o b alo
>

ox

X 2. IF% MHA AHLEA 4yt A&

% DM
Sample Date DM TDN RFV
CP EE CF Ash ADF NDF

0d 28.03 15.67 2.16 11.44 6.89 17.20 33.60 75.31  209.03

Con 30d 30.03 16.02 2.98 13.31 7.26 20.68 34.59 72.56  195.76

Mean 29.03 15.85 2.57 12.38 7.08 18.94 34.10 73.94  202.30

0d 27.00 15.78 2.84 10.79 6.50 16.36 33.03 75.98  214.48

T1% 30d 33.10 16.31 4.52 14.60 7.46 18.89 32.53 73.98  212.14

Mean 30.05 16.05 3.68 10.79 6.98 17.63 32.78 74.98  213.32

0d 27.97 14.99 5.00 12.12 7.09 16.62 30.42 75.77  232.26

T2.5% 30d 30.70 16.09 6.21 14.34 7.47 19.31 32.27 73.65  212.91

Mean 29.33 15.54 5.61 13.23 7.28 17.97 31.35 7471  222.30

0d 32.27 14.29 8.03 12.66 6.54 16.00 31.65 76.26  224.65

T5% 30d 32.90 14.90 9.01 11.12 6.95 16.58 29.18 75.80  242.23

Mean 32.58 14.60 8.52 11.89 6.75 16.29 30.42 76.03  233.09

DM, dry matter; CP, crude protein, EE, ether extract; CF, crude fiber; ADF, acidic
detergent fiber; NDF, neutral detergent fiber; TDN, total digestible nutrients; RFV, relative
feed wvalue; Con 1, blank control; T1%, 1% MHA treatment group;, T2.5%, 2.5% MHA
treatment group; T5%, 5% MHA treatment group.

(2) pH 3 23 &%

O MHA 25%% 5%¢ g o AzdzEE 309714 4.20]8F2] pHE A3 4
9} Lactic acid g W3}l 3 0%, 1% A9 g3t 2o]E R AxIZHEH
A7MA] F7babA] @il w2 FAE YE L s ARE TFHEH MHA 25% o] /el A
Ha7t AAEHASE W& vERd. A A AYE Ve g o 32 MHA 2.5% ©]
Aot ojof rEvE AAE] A H = F

ox rfr B M

FER-T)

r
o

1
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£ 3. A8 4 pH

Treatments 0d 10d 20d 30d
Control 6.32 4.64 4.52 4.62
T 1% 4.59 4.76 4.33 4.09
T 2.5% 4.25 3.73 3.87 4.06
T 5% 3.39 3.49 3.87 3.35

pH

08—

Lactlc addcortert (%0M]
=
L

T
10d

Lectlc addbacterle emount [log CFLUKg)

Lactic acid bacteria amount

- T1%
T25%
TS %

T
Hd

30d
Days arter treatmant
Lactic acid content
—&— con
= TI%
—— T25%
- To%

O MHAEZ 1%
3 #A3] vk
< BERHoE o

J+ Fuehd A%EA Qs

I
20d

Day= after treatmert

I 2. AR T

A7be A2 7H(T 2.5%, T 5%)°lA +

— 258 —
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10 Mould & Yeast amount 10 - Total bacteria amount

g - on 5 - on
)
5 1 T Ry s -
g -+ L g J —__.____‘* -~ T
t 5 + £ 6 / ~u -~ T
o =]
E E
B4 B 4
> %
2, e 1 -
3 8
= F
l] r 1 1 1 l] T T T 1
iid 10 20d Hd 0d 10 2nd d
Tme Time
a¥ 3. A7 F vAE ¥
x4 AZNT F AYTE nAAE 5
LAB F&Y TB
Treatment Date
log CFU/g
0d 5.98a 6.19a 6.30a
10d 7.76b 7.68b 7.91b
Con 20d 7.13ab 7.87b 7.76b
30d 7.52b 7.72b 7.37b
Mean 7.10B 7.36B 7.34B
0d 5.04a 5.79a 6.05a
10d 7.63bc 7.11b 7.96¢
T1% 20d 6.68c 7.20b 7.08b
30d 6.22b 5.93a 6.31ab
Mean 6.39B 6.51B 6.85B
0d 2.87a 4.13a 1.58a
10d 3.99a 1.43a 2.26a
T2.5% 20d 3.79a 2.23a 3.80a
30d 4.03a 2.43a 2.71a
Mean 3.67A 2.56A 2.59A
0d 0.00a 0.00a 4.39b
10d 2.42b 3.00b 2.00a
T5% 20d 3.48b 3.00b 3.16ab
30d 4.36b 4.36¢ 4.36b
Mean 2.57A 2.59A 3.48A
4) F714k
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Acetic acid content
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¥ 5. A¥x=d

Sulforaphane content (mg/kg)

Treatment SEM  P-value
0d 10d 20d 30d
Con 7.13 0.45 0.36 0.22 1.70 0.0018
T 1% 8.94 1.14 0.21 0.11 2.13 <0.001
T 2.5% 6.21 0.20 0.14 0.12 1.51 0.10
T 5% 1.09 0.00 0.00 0.00 0.27 < 0.001
15 -
BEH con
o Ti%
] = TZ.i5%
10 - '
E oo T5%
c
2
oy
5%
)
o- .
10d z0d 30d
Days after treatmert
a¥ 5. ARV 2 AxEsy g% Ag
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- B Total phenolics content B con _mo- DPPHradical scavenging activity = *"
g =2 Ti% § = %
u]
2 1 = ms E o = m&%
¥ mo 7% o 1 o B
I £ o+
c c
; 5
8 i -
2
hul
T L Ch
T o
B 3
0 1 1 1
o 104 04 ad
Days after tred ment Dzys dtertred ment

a%¥ 6. & ¥ ¥ & DPPH #0d £2A% W3}

- =
AA3] 2AHE Ao HojF BgE Ao 2 M Lactic acid®] =3} At 4 =3 A
o TgA R ndaiE W, MHAE & Agstes A Bod ft 9 RS WAt A
ago fEd S 2AS L HEAY FAHAME 53 04708%=2 AstE Aol 4
A3
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D A9l Alxwjeqs 3 FEAE 24 4

(1) & AAFAE (preadipocyte) 2] 2 A wje

@

O

5 oA%EY AR D AE 2o

FFE A7) Feol dd TR F GFEE AY 24 £F AS (A4 £ 45,
2 5%)
HBSSE #7stel 48 vAZIAE o g3l 2zke] AWz s Age e =7z

M &}A chopping.

Dissociation media (2 mg/ml collagenase & HBSS) 10 ml* ol chopped tissueE 10+
59 37 TolA njek

AL

10% ¥l % pipettingol] 98] Hhdk F-=3 A up&downs &3+ agitation & 37 Tl A

1043 71 vl <k,

FBS7} $Hr5 o] 9l Culture media 10 ml-& F7}ste] £33 £ cell strainerg ©|

23t filtering.

AAE2 (300rpm, bmin)E =3 cell pellet harvest & AZHE 7| A3 So] HF wjk

& 7]°ll in vitro primary culture.

— 263 —



@ = AWAFAE (preadipocyte) <] wi

I¥ 1. 25% Wolele Ao 2Ry £
2 AMATAE 12 HF F (A% 63+ A HF F (B)

O ¥ wiA =4

- DMEM/F12, 10% FBS, 1 % chicken serum, 1x ABAM.

- 0.1% gelatin—coated culture plateZS ©]-&3F <] ujj ok

O & AHAFAEA et Aduigs 3 HAA] Axmd =21 & (2" 1.
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e

Ho
=0

6 vials

A8

oH
2

No
@

;OL

o

A A

ki3

¥ol o

- A TA

A (bovine insulin, dexamethasone, IBMX, oleic acid)

_#o%
oF

o

ol

o

A AA

L= =
RUSEET

0

i

7HAl Al Z=

s

B
il
e
)
O

O

&)

7 ElE 15 kg SR,

& (198 3).

2
FEAC] flol AV A Y W Azt FEEC) AR

slo] 1=z

3}
=

Z7] Az (65 T, 36-48A1%F =),

)

jant
o

o
™
o

12mm Z7|2 A4 2 By,

S HH -
= 5 Y=

Kl

2712 g 39 =719 9 300 kg FH.

HZ7] A% (65 T, 36-48117F A =x).

x &

o] 1-2mm Z7|=2 A& 2 2.

— 265 —



0
Nd
~
7K
e
ol
Nd
el
o)
oF
]

=3
"o

of
el
il
o
e
Nd
Nd
N

e
ﬂ,ﬂ
o
o)

o
TR

]
-

o]/
HH

o

p—

Fr

e

Nd

o)
"
ﬂ‘ﬂ

l

Zﬂo

-
1

- 65 C 2LoA] 36-48A17F A =x3}

15 %)

=)
=

TS 8 % (d

— 266 —



(A)

(B)

I9 2. FdxE BT AR 99 AR R 3 AH F AD A= D) 9
A Y, 719 A=x7] A= (65T, 36-48A13 A=) (B)
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A wal () FAR, ok Avl, Fv 29) (4) 9

o

A €71 2 o (B)

Z}ell 9

=]
g

© F71 e

Y

AbR (AR b AIALR ) B9 e AT (0.3, 0.6 %)l e Abe
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- Al ZEA A gtel mE A Hol A9 .

- 4F3 Aol ofg ATES dE2T-91.5462 %, 0.3 % A -90.7+7.32 %, 0.6 % A
2 -94.0+4.8 % LHERY.

- 06 % AL TAA Y B AAEE HEhlslE F9AW, ANHAOE FAHL £
ol hehbA 28 (1 4

- 06 % AT Aol W AA b Aolsk thael vlwste] @Asu Felsh
Q7 LhEhe,

1104
1000 o 2
51004 ee " L 1
le ' ‘ i ouwy 4~
- Abfa g
o 90 . 3 600 -
= s 5
- I 590
200 +
Tc L] L] L
N 5 5 00
Q 2 > S
("6 @ & Contral 03% treat (6% treat
e oS Qe
L\} 9 Treatments
Treatments

I¥ 4. 39 Fold wE EE v

El

S|
=.

- Al 7HA Aol whE AFEA Fo] B ds Wl

H

- 457F A 98t GEFe ulZ&T 577436 g, 0.3 % A gt 58.0+4.7 g, 0.6 % A7
59.0+45 g YEFH.

- 06 % AL TONA Y B UES FEhlslE S, ANHOR BAH F214

o] YEbubA] &S (L™ ).
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- ZF Aol A e AA F G Blael A {Fo 48 Aol= YEhA] S E

\

1

- whebd ) Aol of% e AR AP Pa Ads D UEe) da e i
EMxl % ghom, Eﬁwgi Srol Mol A A Awdow G Azl Frehe

&

5 585
704 -
| 501

et
£ 65 L] ik =
3 > — T. T 585
2 60+ 'l u A g
o — 1 -
O g | d | & 58
w L1 . .

504 | 4 &

45 T i T 7.0

Control 0.3% freat 0:6% freat
& & &
(PQ oo 0\0'6 Treatments
o’ o°
Treatments

a9 5 37 Fold B#E ¢F v

- Al A AT e ol 27] 59 Boke] dEah 4% 59 ok HF S wlawste
% A%, dETANE BT 05 g9 F74E ehor], ATl AE 22 09 g (03 %
425, 05 g (06 % Aelit)e] F7hE vheb.

03 9% A e Fol 2700 Wakel 15 % W F/hz Adel e b B BE
Z7h&S vehd (19 6).
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Weight change

104

[ |
5 e
-
0
al®
] s
[ ]
-5
& > &
°0¢-6 .-.,;5‘@ n,ﬁ;é-“’
a':b aﬁ“
Treatments

a9 6. 3 Fold }E dF ¥l
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SE2: MOpX/RHE 20| AF, AT HoMe frdE 45 74 ZEE

Mk
1o
L]

3l 405 65 C air-forced drying ovenol| A 72417+ A
By =71, A4S 77 EYste] SV Hols ZA g Az & 9k
1 50 mL glass centrifuge tube®l| &

rob

ZyZyo] - Ho 25 mL methanol (99 % HPLC grade)S F7}ste] F74 0=
70 C water batholl Al 241 7FE9r v ek, vjekEer u] 15-208 tA o2 &3
3.

i}

=l
<)

o
ok

1‘

=
ol
o

=
0%
i

&5 % unfiltered samples< 3} Rbs < WAaro A A ], Unfiltered samples®l]
o

Whatman No. 40 filterE o] &3l ZEH &S 783 & evaporation tube® 2+ Al
©

M =
;?L_',

o

271 % evaporator (Hypervap, HV-300)< ©]-&3}] evaporations <3J.

Z7L8 40 TeollA 30 psi 4Ho = HM3PsEA o™, Evaporation$ 5 mL methanol
(99% HPLC grade) @7} % 15 mL centrifuge tubeo] 7. A8 = 4 TolA 3000
pmo 2 107+ 13,

F£2 © 2 disposable syringe2} 0.45 um nylon membrane filterS ©] & 3}¢]
UPLC #4415 9138 0.5 ul® UPLC vialell &5

A
ki)
o
=

AAeld AE2 £58ke] -20 C¥sae] wastgion 5 Ao ARE.

(2) g 2 A AAY =31 FH

O

©)

Az %5 2

W A FA,

BN
ol
N
2
e
=
K
=
0 G
o
M
vk
_O‘L
8
o
2
Mo
Ach
-
S
)
lo,
=
=
B
=
oldh
=

T
o

vl 3 gk2 50 ml Falcon tubeol &% ¥ -80C deep-freezerdl] H ¥ HFH O =

freeze-dryoll 4] 543t AZXE 3.
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2 Ady LA freeze-dryol A 5
1.0 g¢& 50 mL glass centrifuge tube®l

O Ztzte] B Ho 25 mL methanol (99 % HPLC grade)S 7}t 74052 WHI 5
70 C water batholl A 2A]7F&<F vl &

O i Yat wl 1520 H4 o= &3 A4S W& v T5 F unfiltered samples< 3}
HFsoF Wk aro A A %], Unfiltered samples©l] ™3] Whatman No. 40 filterS o] &3}

=
EN
o RS AP

r
o

evaporation tube=Z 7 A &S %71 $ evaporator (Hypervap,

HV-300)< ©]&3}4 evaporationg 3.

O ZAL 40 CollA 30 psi 4H o= ZAP3t ov Evaporation$ 5 mL methanol (99
% HPLC grade) ®7F % 15 mL centrifuge tubeol] 7.

O YAEZ = 4 TollA 3000 rpme-2 1083 3. 2 F4 2 disposable syringe2} 0.45

um nylon membrane filterg ©|-§3to] ZHE & UPLC 45 93 0.75 ul® UPLC

vialel] &5

(3) UPLC ¥4

PN
Ay
i)

O B AFqAE dAA 2L gAAE Ao E BAS 984 UPLC system (Waters®
Xevo® TQ MS ACQUITY UPLC® System)& AF§-.

O Az HAA Fuld Zrzhe] AME (T e, 7], & 247 05 uly, 9, 3
9 27 075 ulA) UAY % AAAE el Aurhe
UPLC column (ACQUITY UPLC® BEH C18 1.7 um, 2.1 mm=*50

mm
(sample at 4 C)ollA gradient water-acetonitrile solvent system= ©]-&3lo] F.
O Y ¥ flow rate 0.64 ml/mino] o™, AL HHAE HAHOE= UV 330

nm (3007330 nm)oll A HE 21S S en (ad 7) A3 gk doly 42
MassLinx V415 &3 73,
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Gradient Results - Untitled

Molecular Weight: 301-500 Da
Column Temperature: 35 °C

From HPLC:
Particle Size: 5 ym
Dwell Volume: 0.000 mL

To UPLC:

Target System: UPLC (BSM)
Maximum Pressure: 14997 psi
Particle Size: 1.7 uym

Dwell Volume: 0.125 mL

Organic Mix;
Acetonitrile 100.0 %
Methanol 0.0 %

Original HPLC column conditions
250 mm x 4.5 mm, 5.0 ym

Run Time (min) Peak Capacity Flow Rate (mL/min) |Pressure (psi) ::jLe)ctlon Volume
50.00 40 1.00 1197 10.0

Time (min) Flow (mLimin) %A (Aqueous) %B (Organic) Column Volumes
Initial 1.00 80.0 20.0 -

3.00 1.00 80.0 20.0 1.14

8.00 1.00 70.0 30.0 1.91

18.00 1.00 70.0 30.0 3.81

19.00 1.00 50.0 50.0 0.38

40.00 1.00 50.0 50.0 8.00

41.00 1.00 10.0 90.0 0.38

50.00 1.00 10.0 90.0 3.43

New UPLC conditions with scaled gradient (accounting for particle size)

50mmx 2.1 mm, 1.7 um
Use pre-injector volume = 125 pL

Run Time (min) Peak Capacity Flow Rate (mL/min) |Pressure (psi) mﬁctlun Yohime
3.20 31 0.64 6844 0.4

Time (min) Flow (mL/min) %A (Aqueous) %B (Organic) Column Volumes
Initial 0.64 80.0 20.0 --

0.01 0.64 80.0 20.0 0.06

0.35 0.64 70.0 30.0 1.80

1.03 0.64 70.0 30.0 3.81

1.10 0.64 50.0 50.0 0.38

2.52 0.64 50.0 50.0 8.00

2.69 0.64 10.0 90.0 0.38

3% 7. UPLC 71¥ =7 2 gAL-HAANE A olE HAEE % =4

3}8] (solvent gradient condition)
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)

2) FEAEAAEA B4 AT £A4 A4S 2 24N &

(1) 974, A7 Hdeole 4E BT

O

O Z7lel Fraedsl ALY AN E HaYeolE Y A&3 He 3 AFsE 9Aeo
A E

Xéxﬂ% HAAN TG HAA = ?l—xé]gﬂo]

(A) 20ppm ' 5_p pT | 1 ppf
l 1

(B) _zppfw_ | Spp.m- ” 1 p.:iafn._
—— = e
|

.SIQprn | | 1ppm 0.;;pm

o

1% 8. UPLCE °]&% tAANH AN E FAHOIE HE. (A) HAA
ZZ (1 ppm~20 ppm). (B) BlAAIE ¢AHE HE (1 ppm~20 ppm).
©€) HAAF HlAL GAHOIE EF] 3 HZ (1 ppm~20 ppm).
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A AHF mpel o] UPLC 7]# x3oA Mdd =233 7| e= sto] 1 ppm 20
ppm7Z7HA] HAA (19 8A)Z HlAAIE HAHOE (19 8B)d digh A& =S g
=3
H.

o
v xde 747

E3 AT dAL Ao EE Ee & 7H7he] HHo] A =7k kA gle]l AE
HEA HE
JERNew (1¥

HAE o] B

O HA&E Ay, Z-2te] ulAA Y vAAl <t
8C), 747t} 2AHG ¥ Wte 59 0.2 ppmZHA &= 7 Eddel Wi gee e 2 A
Zsl7t 75 (1™ 8C).
A B
( )root ( )stem
(©) (D)
stem+leaf

leaf

2% 9. B9 2 (A), 271 B), I QMM HBANH GA2 FAYo|E
A% (D) AFHo2E E7)9 o] TR AZREBA HALH HAX
Ao E 7z,
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2o Axd JF7e ¥ £7], Aol dAATG gAA ctdgolE HE L B
A& 713

AAYE F7e el &7], Ao dste] AAE o] 3 2o s UPLC ¥
28 78

T B Aol ddUE dAAT wAA kA o] T AHeZ HE (O
2 9A)

Zoo] qalA e Welet MRS o 2719 v 1/34% AEH (29 90). 1
39 Qe e aAARTGE GAAE b Es} T A E wo] A% (1
g 90).

ok Z7)9h Ae B Aol AR gAAT g7 tAoE AEHYe
ool o 7N E tAdolEs} gAMLY & o Bol A4%E (19 9D).

oSl AvE B ), AR G Relwrks FE oA urh ¥91¢l F7]
© 13459 FRAL BANN dANE Aol EAste AS 4

FomM AE WF ARAN e ANHFT 9.

g9 "ANT "HAAE oAy o|EV} AR HAIIA R Fo T AT =
Hebe sl el 1k &b glo] dEel s sobt AHE R FA3

wep A w2 g3t el oA A A E Aol ES £36lo] spike testE %

wls g e ojsl), B-va Egelel ois] QA Fe] WG gANE kA
<

Sty 3 UPLC A& =1 diste] zhzbe] whuls) Gghel &kt vlAAA 3 b7 A= <t
. _
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O H3 iz} ko] Sghelo] tha] HAANI HAAE AU oES HIbste] SA.

O Z7te]l Wl wgelq AEHE A% FAdshd GANT dANE AdolE nE

O ol2X & A& T AARFTHAIRA A= Hol olF A W "7 HAA
=

(A) (B)

~ egg white - yolk

(€)

egg white+yolk

79 10, ¥ag 38y AN HAAE GAGolE EF F UPLCH 9@
A2 27 FYL 99 spike test. (A) Y HANG GANE Ao
% F AZ. (B) ¢ WA dANE FAYolE EF F AE. (O v
2 By 9ANS GANE GAYoE EF T A=
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S
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S A W o

S 2=
- T

O uwatA AFEH7EAICl o

mﬁ
o
o
N

Nd
%

o
N

|

)ell A

35}

&

}o] autoclave (Wiseclave WAC-60, o

= 37ts

of ¥ % 600 mL =/FF

110 C, 5.69 psielA] 15 min

—_
o

e

R

24

S 6500 rpm, 4 C o4 10 mins <t
375 um o #A] (Hyundai Micro) ¢} 0.2 um syringe filter (Sartorius)

ol
oH

2 o] g3t

ol ©
— =

o
<
o
o

—_—

B

ol

-

o
o

ol
B
—_
fife)
0
N
el

od-=7] FEE-E 5533+ 1.53mg/mL=E =

e FEE2 20.33+2.83 mg/mL, 3
AaL, &2 7H7; 20.33+2.83% 7 33.20+0.92% = A

:]

g

g3

4%

A

T

Table 1. Extraction condition, dried weight and % of yield of Angelica gigas.

Extraction pressure

% of Yield

Dried weight (mg/mL)

(psi)

Extraction Temperature (°C)

o

Lo |

oy
o

[ ]

o

Lo

+
Lanl
o

1

5.69

110

0+092

1
e

)

+
o
(]

5.69

110

Angelica gigas-Root

Angelica gigas-leaf

* Data expressed as mean + standard deviation (SD) value of three replicates.
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(2) G A= Aol o MxE A 4 (growth curve analysis) 2]

O A thAAEF (porcine macrophage cell line)?l 3D4/31 AlX (American Type
Culture Collection; ATCC)E o]-&3te] F7 4tEol digt Al &S 9 T4 245
23y,

O 3D4/31 Ax+= 7] wiA &= Roswell Park Memorial Institute (RPMID) 1640 Hj#]
(RPMI1640; WelGene)E AF83F31 2™ 10 % Fetal bovine serum (FBS; WelGene) 2
1% Penycillin-streptomycine (Sigma-Aldrich)& #7}ste] 37 T CO; incubator
(Thermo Fisher Scientific; 95 % air, 5 % CO2) Al <.

O
=

o

S Z=2A g3e BAE7] YA 3D4/31 A ES 60 mm cell culture platee] 5x10* 5
F seedingdste] 12A17F &<t w3t 3 vehicle (distilled water), 2 nM phorbol
12-myristate 13-acetate (PMA; Sigma-Aldrich)¢} B9 F&%$ & H=2 4.

O Hix|= 24A1 7kttt v A& WA LAl vehicle?t B FEEE % HE O] A A
X4E=0,1,2 349 vt} 04 % (w/v) trypan blue (Thermo Fisher Scientific) 2 143t
o A3l 3 hemocytometer® =4S 213,

O FHAel digt AEE T3 &5S A5sh] A A2 AEE (cell viability) S 96
well cell culture plate®] 3D4/31 A ZE 3x10° % 100 ul. v A seedingdle] 124]
7 B<F w3k 3 vehicle, 2 nM PMASF GAFE=ES 5= H=Z A3 5 24 A3+

SOk F7b

O I % 10 % EZ cytox cell viability assay reagent (WST-1 cell viability assay Kkit;
DoGenBio)E ZF well vlt} A 8]3}ar 2A]3F &9t v %3t % microplate reader (Tecan)

2 450 nmolA] FFEE =7,

O F7 A= Aol o3 A2 A 54 A 23, 3D4/31 AlEel B7] #Y FEES
A Pe tfxatol vlafA] 2, 3Y kel ZF 17.1248.32 %, 16.74+3.15 %7t 57} st 1L, B
7 d-=7] FEES AY sAE W ol Blste] 2, 3 Aol A 7 10.59+5.16 %
29.30£7.13 %7F 57 (¥ 11).

O &3 2 nM PMAE A= #& We 1, 2, 39 Al ﬂ%z%ﬂ vl 7} 35.27+10.18 %,
22.9746.11 %, 45.81+4.88 % 7} fadtglovt, PMASH F+] #e #2325 I A3
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S ul PMA A& 7ol H]8] 1, 2, 392}l 2} 49.25+9.86 %, 38.01+£3.47 %, 60.33+7.24 %
7} =74 (28 11).

PMA¢t F# Ad-57] FE2ES AFsI S ul PMA Aol vls)] 1, 2, 3Y =}

38.81+4.48 %, 54.39+7.02 %, 38.41+3.13 % <7} (L& 11).

PMAXA gle] 9 A
xzxa 459 80 % A% 74 FJEALS & F d&
45
40—:
35—:
30
g ] —O— Vehicle
% 25 —— AGR
£ ] —— AGIL
3 20 —@— PMA
@ 3 —— PMA+AG-R
© 157 L
1 . —&— PMA+AG-L
1 A
10{ :
7 e % @ %
] ® ik @ ok
. * * K
] A A 3
0- T ¥
0 1 2 3
Days
a9 11. 3 B, &-F7] FEE A 93 3D4s1
MEANA S F4 E4. Data presented as mean * SD values

PR ohE} U-FIlAHe) FEFE A
5

3 wizstol His| Al 2ol oF 40 % 7 3

(n = 3); *p < 0.05, **p < 0.01, ***p <0.001.
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O 3D4/31 A|EZ o] &35t T

s '_*_‘

— 1.4 o
£ o £ * k%
1
S S Sk
© 12 © 12 o
= k% - ook ok
e e
E 1.04 — E 1.04 —
o o
€ 1 £ M Vehicl
S 08- S 08 ] Vehicle
z z | @ 10+
> 064 > 064 m 10-10
: 2 m 0
S 044 S 044
3 3
© ©
[1}] [17]
o oo o 00
2nM PMA 2nM PMA
AGR AGL
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culture plate (SPL Life Sciences) ¢ 5x10° %+ seedingdle] 12A17F &<F nj <k

12417t & vehicle (distilled water)¥ SHAFEES % H=Z2 A F 1223 &<t
F7F wigs & 10 uM 27, 77 -Dichlorofluorescin diacetate (DCF-DA; D35845,
Invitrogen)S 77} A2k 5 30-&7F vl &k

A H AEE 15 mL tubeo] 22 ¥ phosphate-buffered saline (PBS) & washing3}
31 Guava EasyCyte (Millipore)= M2 444 F 55 4. FF4 22 DCFY
Mean fluorescence intensity (MFI) & Flowjo Version 10.0.7.2 (TreeStar)® =4 (L

4 13).

3D4/31 Mz 24 B FEES Agsdes W AEJ @444 F (Reactive
Oxygen Species; ROS) TX=+ Wz H|sle] 24.60+7.49 % (p < 0.005)7} 743
A, G 4=V FEES AESNS " tiERdel] vlske] 25.09+891 % (p < 0.01)

7 725

1:110
14
o
—
()

ol F3l ARHo P FHEo| i} BES AWL %+ ANew, FhHe
2 FAEQ =7 FEE FAkstgo] F B fAS 25 JHA A USE
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O AR U] BRG] -F7] 27t 03 %9} 06 %= 3047t Fol. dAL T HAA
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3% %206 % o AU H
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Ca, Phosphate, Albumin, Total protein, Total cholesterol, AST, ALP)

224 (PCV,
¥ (IL-1b, IFN-gamma, IL-6)°l th3aF 2] 2 ELISA #H%
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FolA HATA AASE v&2 ey AYT F4F L WA YRS sefahe A
%) A% HETG 03 %, 06 % AeTel B FAHA Aol vhehb @g (11
17A).

Cash POl A%l 7 el A7k £zl 2748l wet fojHow oy o &

A= (L™ 17A).

wal g B JArbe 98 w% F7bo] webA albumini total proteine A= A
#7F vpgko ™| total cholesterol®] -5-ol%= @7 8 F=7F 7k wet o4
= GolAE A%e e (29 17A).

53] total cholesterol®] 7 -9-oll &= M| A& tjxvtol| Hlgto] Fe]A o0& 55 %7HA] Fha
S Aow ey (19 17A).

kA ol gk Ayb= Byl Aol ola) dbehAle] Hefufol o] As}stz x| kol vidh
]
w7 Foled dE 3t Uls A H EF AFE ASe7] flstel ALT (Alanine
bl T

transaminase, <&}

SEEg ofnwy] A Rh) FES AF.

(Aspartate aminotransferase, o}

ALP®] 7ol vlAe gzt 0.3 %, 0.6 %37kel o4 2ol vEhtA 8 (1
9 17B).

AST«] BFol= 06 % Aol izt 0.3 %ol Hleto] Fo] &< xfo]l & e
ot olol thek A& AT R T =G Gl = FUHHA Aol 22T A
o= Abm (¥ 17B).

hute e de) W Aol g $4 L o Ae Abole] folH &

ol & WL

Z|EHog dxded s FH 39 AHEde FAY HE sl Al
IFN-gamma$} IL-6+ <2l % o] ztol& YehA] &5 (29 170).

ohiE IL-1be] Aol 37 Bele Rk Fohgel mek GOy wk ke A
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Wl ol A= 90.86 mg/egg white® W&ol A= 106.98 mg/egg volkE HAZ. 54 A H
ol = 1 %9 3 % At EFoA HALL diAANE A EV HE.

01 % Agte] di o] A= 33.18 mg/egg white® W3o] A= 1035 mg/egg yolk®
A=HFANOH, 3 9% Aol o] A= 21831 mg/egg white® Waol M= 93.65
mg/egg volk® 3 (19 19).

O 7¢ AAHAANE= 1 % AgaY el = Her 85.00+77.27 mg/egg white
(1865721831 mg/egg white)Z 3ol = Hit 1053447473 mg/egg yolk
(15.397233.51 mg/egg yolk) & A= (19 19).
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The concentrations ranged from 107 to 10™°. pCM and Ag indicate
the primary chicken muscle cells and Angelica gigas, respectively.
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a9 21. Proliferation assay of chicken muscle cells depending on the
concentrations of the extracts derived from root of Angelica gigas.
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238 23. (A) Comparison of cell morphology of Ag extract with
control. (B) Comparison of Pax7 and MyoD gene expression
between control and Ag-treated pCM cells.
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(A)

(B)

pCM Ag / pCM

pCM Ag

pCM

29 25. mRNA sequencing analysis between control and
Ag-treated pCM cells. (A) Number of up- and down-regulated
DEGs (deferentially-expressed genes). (B) Scatter plot of DEGs

between control and Ag-treated pCM cells.

A © 2, Pancreas beta cells, Fatty acid metabolism, Glysolysis @& 24 F4dx%}
7} up-regulation¥ &= %S Hgow Adipogenesis #H A HHAe] W
down-regulation® = 43S UEMY (F 2).

- olEd AAMA 24 dyt= I FEEel ' IHAEAAM AW (Fat) % 2 (Glucose)
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¥ 2. List of up- and down-regulated gene sets

Up-regulated

A
i
id
o
o
B
%2
s

ofN

fo
ok
o,
2
oflt

i)

Gene Sets Name

Pancreas beta cells

Description

Count.

p-value

Fatty acid

metabolism

Genes specifically up-regulated in pancreatic beta cells.

Genes encoding proteins involved in metabolism of fatty acids

.

2.58E-03

3 3.31E-03
_ . Genes encoding proteins involved in glycolysis and .
Glycolysis _ 3 6.37E-03
gluconeogenesis.
Down-regulated
Description Count.  p-value
Gene Sets Name
Genes up-regulated during adipocyte differentiation
Adipogenesis PR . ¥ p Y 3 7.23E-03
(adipogenesis).

- RNA sequencing 4]
o3t A%

- o] RNA sequencing#} Ut =]
gstozH W} Asa FAx

[e)
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3 3. List of primer sets for qRT-PCR analysis.

) Annealing PCR
Gene Forward Reverse .
Temp. ("0 size(bp)

Actin GATGATATTGCTGOGCTOGT GTGCTCCTCAGGGGCTACTC GO 618
Pax7 AGGTACCAAGAGACGGGCOTC CTCGGUAGTGAAAGTGGTCOCC HOEC 411
Myval) ACACGTCGGACATGCACTTC TCTGACTOCOC OGO TGTAGTG 557 433
& A CAGTGGAAGOGAGGAGCTTCA CTGTAGAACGGAGATGCAGC [l i73
HSPIHT CGGGATTGGGAATGCATTGT TCCTTACAAACGGGACAGACA GO 364
ISL ) TACUGGAAGTGAAGTGGOCAT TCCTTGAGTAGUGTGGTGGT HOC 354
SEC 235413 ATTCCAAACACCAGCAACCC ACTTAGOGOCGTGTCTGTAGA 6O 323
TGFRI CTCTCTCTGTGCTGCTGOGAT ATGAAGGAGAACTOCGOGGTGG [ 29
YWITAFT AAATTGAGTAGCGTGGTGGT ATGGCTGATGGGAACGAGAA GOC 326
Ddesmin CTGAAGGATGAGATGGOC GGTOGOCOCTOCGCTOCACCAC 6O 628

- HXo] A& FHR] ol A A, Annealing temperature 2 PCR product size

of dighk ArE E 3 o AA.

- gRT-PCR #%4 #ZA3}, RNA sequencing Ao} FUsA GCLC, HSPHI, ISLI,
SLC25A13 TGFBI, YWHAH F3AA+= BF 99 F25 g 9 SSA XA L3 %

o] F7F (29 26).

- GCLC®} TGFBI 9 7Z$dx tE fFAAte] v|ste] Ajzorg H& ugss =7
et A kov UM A AR (HSPHI, ISL1, SLC25A15 YWHAH)| o
v o]t vl g Z7}

+
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o
2
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(@)
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29 26. Quantitative RT-PCR analysis of up—regulated genes in Ag-treated pCM
cells. All of DEGs showed the significant up-regulation in Ag-treated pCM cells
compared to control.
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- GCLCY A9+ GCLM# GSS7He A5 x4 71de & EYaE A 9l
Slow HSPH1¥ YWHAHE= ## 2kg-o] olbid HSPIOABIS T3+ w7l = 3o
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(A)

pCM pCM Ag

(B)

ntiated area

Percentape of differg

pCM pCM Ag

a9 28. Comparison of myotube differentiation between control
and Ag-treated pCM cells. (A) Myotube formation during
differentiation. (B) Comparison of the percentages of
differentiation area between control and Ag-treated pCM cells.
There was a significant difference of differentiation areas
between control and Ag-treated pCM cells (p<0.05).

(2) & LHAE ZFH] FEE Aol oF RS AAAM ] A Bd FF 4
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pCM  ® pCM Ag

a9 29. Expression profile analysis. (A) Comparison of quantitative

RT-PCR analysis between control and Ag-treated pCM cells after myotube

differentiation. (B) Comparison of Western blotting between control and

Ag-treated pCM cells after myotube differentiation.
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2% 30. The liquid-type extracts derived from roots

(right three tubes) and stem/leaf (left three tubes)

of Angelica gigas.
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1% 31. The freeze-dried extracts derived
from roots (left two tubes) and stem/leaf

(right one tube) of Angelica gigas.
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7157 AYEdEdE v X
primrose, Oenothera odorata)®| o 3%t 3 &
Esto] HAFeith Gutol ke Afde F= Ao g Bx7)
I ot e B R
o o B = P R Rl g —“%—L‘jtoﬂ gk &8 FHE fs AP A= FHEF

9
FAA RAAY A & A S A7 7SS ddeE Bausldy

§atal 9= medical herb & bRl ©tol (Evening
7 A &g 7HAE B AAE

AFom Bol] AbEE A
qF

el A B

Fo2 o g3 3
B ae AR el B8 Rl A% B9 4E B 4 Ui Asus Paa
AAH BEA V154 §8 Fu BEl @ 4P A 9Y Bk L 4AFA 4F
2 Fastg.

1. 7154 A%5¢ 98 $4 49 44

2 A A EElelE: Ve Ad 9 HIFE A SAEEL Aeddu
AEEESYY3 9 [ACUC (Institutional Animal Care and Use Committee, <13
SNU-190306-1)E AAH sttt SAE dAl oA AASHAAAT e FHdTo=

AR E A&t SAE BT FHo] AFAARE JA=HNeH Alse B2
ol A ow waHT A ASxA zZhzh Ao tia] Aol 3-454 187 0] Kol AL
AbEslF o Alm e R 49 A BEE AFSA oig AMSAL AR (2, F5,
sb7] 2 Az TY 2olA ARS AT ARAATES AVH0E AnFe] F
SAson, Alge & AH wAeR AF st 19€HFE 11Y7HAE
FAZ7AR, 129878 2593745 SAEA R B2 269HFE AdER 9Y9F A=
NS AANZE FA5AT (£ 4)

¥4. Composition of commercial feeds during experiment period

Commercial feed
Composition

Starter Grower Finisher

Crude protein > 22.00% > 20.00% > 18.50%

Crude fat > 2.50% > 2.50% > 2.50%

Crude fiber < 6.00% < 6.00% < 6.00%

Ash < 8.00% < 8.00% < 8.00%

Calcium > 0.80% > 0.70% > 0.80%

Phosphor < 1.20% < 1.20% < 1.20%

Met + Cys > 0.90% > 0.80% > 0.70%
AMEn 2,850 kcal/kg 950 kcal/kg 3,000 kcal/kg
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AA 2505 FACl tg Genomic DNA F% % sexing PCRe AA w43 A4
EES S A wAle L wARts Fol A ARESld (2 32). AA 112979
7ol W3k 199 AT F8E AlFew st FASE He] Adddew wix|stdnt (G
5). HlXE AT 3FENA FUARACI AMS T 3FARE Agtd wE guto]z
FE=d FoAE A AT

Two band : female
One band : male

19 32. Genomic PCR analysis for sex determination. 374bp (upper band) and
252bp (lower band) PCR products represent the W-chromosome specific locus
(female-specific) and an internal control, respectively.
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¥ 5. Experimental groups for treatments

Experimental groups Treatments
Control No administration
v Intravascular administration
IP Intraperitoneal administration
IV(2x) Intravascular administration with double dose
IP(2x) Intraperitoneal administration with double dose
B AT E gl YieA 149 sto]  diFofst

4Aoln we BAE 9
5

gubol 2 (Oenothera odorata)l e A%
e FE2ES AFESAT 3FHEFYH Fo vxe §A4 FHo 0E A AS o
o] of 134 sd Al Tt 7+ o A
FTAFE 1579 23] Fostes 2o E AHAYS FdAn FoAd AL MEsE FEF
AxE PBSel| Fof FHo we} FogFs A
5 E

% d -
- 657 H /A Fostlen HFE 7% (49
A

¥ 6. Dose of evening primrose extract (EPE) for broiler chickens during experiment

period

Weeks of age 3wk 3.5wk 4wk 4.5wk Swk 5.5wk 6wk 6.5wk

Dose(ul/g) 210 210 420 420 580 580 810 810
Treatment IV(2x), IV(2x), 1IV(2x), IV(2x),
groups VI piax)y | VIR piyy | V- TP piayy | IV TP piay)

3. A E AAsd @ Gy A5 AE B
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guto]x FE Aol wE dA Astet AR ®HIE A% Z4e oA 5, 45,

R B e R | P B Y o R B R B B e R

A $F dgd Fro AT AHE $ 3000rpmel A 1027 AAEHE T8k
gd45 wHstgen AststieAr] (IDEXX, Catalyst Dx)E &3 triglyceride, total

cholesterol, glucose content2 43} t}.

AAA AARE 58 A4 ® 79 AN

il

gotolx dx FE A u

¥ 7. Effect of evening primrose extract on growth performance of broiler chickens

at ages 5-7 weeks

Age of Treatment
week p-value
Control v IP IV(2x) IP(2x)
Body Weight (g)
5wk 1489.1+81.9 1531.385.1 1561.8+70.2 1423.3+82.2 1675.0£101.8 0.2024
6wk 1960.5+112.4° 2217.6£97.2° 2005.0+£136.3° 2106.0£142.2% 2181.3+62.7% 0.0812
Twk 2212.5+38.5° 2747.5+148.9° 2635.0+129.1° 2747.5+8.8° 2625.0+152.3° 0.0527
Body Weight Gain (g)
5wk 1442.4+82.6 1483.3+85.4 1513.5£70.4 1375.3+83.9 1625.7+98.7 0.2174
6wk 1914.3+112.5 2169.6+96.8° 1955.4+138.3° 2058.0+143.0" 2132.0+58.9% 0.0854
Twk 2163.0+37.8" 2696.5+148.6° 2583.7+133.2° 2700.5+6.7° 2575.7+151.4° 0.0539
Feed Intake (g)
5wk 2504.2498.1° 2739.9+119.5° 2742.0£123.2° 0.0393
6wk 3378.3+215.0 3978.1+466.4 3753.0£291.7 0.2226
Twk 4951.8+89.4° 5239.3+77.5% 5274.7451.7% 5248.0+11.3% 5453.0£274.0° 0.2724
Feed Conversion Ratio
5wk 1.78+0.14 1.94+0.15 1.78+0.05 0.3046
6wk 1.7120.11 1.9240.21 2.03£0.26 0.2688
Twk 2.29+0.04° 1.97+0.11° 2.08+0.13 1.96+0.00° 2.11£0.11%° 0.2057

¢ Values with different superscripts within a row differ significantly (£<0.05)
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1% 33. Effect of evening primrose extract on body weights of broiler chickens. There
were significant differences between all the treatment groups and control at 6-7 weeks

of age (P < 0.05).

z=ToF vluA] 7FEAgA Y HiAT 2 SAFS IV, IP, IV(2x), [P(2x) X7l A
A o7 =712 JEAT (P < 0005 ¥ 33). Agzoes 13 s IV, IPo)A
ool AT F7HE BHAFn Jdu (29 33). £3], 18] Agd Ve Ag-ols 653 HE
TFB7HA °E ATl vldte] 52 AT SIS BoAAFAH
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42. A5 AFF L A58 8 (Feed conversion ratio, FCR) H] 1L

AEAgFEe Ve P A TolA dizae]  Hlste 5FANRE f9HQ EFE
el (18 34A). AFE &8 (FCR, feed conversion ratio)®] 7Z$-olE 6FA71A = &2
ztolE  dEblA gkont TFEAY Agole dHxated HEe] fFojHowm e [
HolFodd (P < 0005 L9 34B). ol#3r A= dulolxx Ax FE4 Aol
AtRAH Y STk A AR EEY I B ASS RoFa dow, ol FF

ST olyel thekdt Fo] diE) HEe 2 ¢ A Ayl & 4 ok
5. &4 54 ¥4

guelz Az F29 Aed wE AAH =A SHL Table 4o A
om ®A F 54 BN 7RAC Fasgod IV 2 P ASel: 5793
6raol® A 54 BAL ARG (E 8. B F AAE s o 2 o) (7,
= =]
9

ARell wie FAE SATFeEN 54 HuE JAPsAT (F 8).

(A) (B)
| Cont IV mIP mCont v miP
5500 3.00
ab 8
3000 2.50
b
__ 4500 5 2
] 2.00
v
= 4000
" [ 4
:é' g 1.50
= 3500
L
B siai 1.00
a a
%00 ° I b 0.50
- 101N ] -
Swk Hwhk Twik Swk 6wk Twk

13 34. Effect of evening primrose extract on feed intake (A) and feed conversion

ratio (B) of broiler chickens at the age of 5-7 weeks.
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5-6FEol 9 7 2§ Tl dEiAe iz 2 AT e fFoH Aol
UEREA] erokth (3 8, 1¥ 35). ey TFEECA dixtel] Blalste] IV A e el A sh5at
FAL FoHel FUHE BFAT (P < 005, E 8 1Y 35). A e
(drumstick weight)oll M= 5-6F%ollAel the] FAe iz 2 AT it Fo4
2poli= A ekskth (% 8, 29 35). 2y 7F oA tizol wlaste] IV A2l ol A
el FAZE A S7FE Bl (P < 005, & 8 1 35).

¥ 8. Effect of evening primrose extract on carcass characteristics of broiler

chickens at the age of 5-7 weeks

Treatment
Parameter p-value
Control v IP IV(2x) IP(2x)

Dressed weight (g)

Swk (d 1-35)
Liver 40.1+2.9 39.4+1.8 42.5+4.8 N/A N/A 0.6017
Heart 7.5+0.4 8.0+0.5 8.30.5 N/A N/A 0.2295
Gizzard 25.1£2.0 28.5+2.7 24.0£2.6 N/A N/A 0.1384
Spleen 1.9+0.3 2.2+0.4 2.1+0.3 N/A N/A 0.7440
Abd. Fat 13.243.1 13.3£2.0 14.0+3.0 N/A N/A 0.9407
Breast M. 260.4+23.1% 251.4+16.0° 293.3+19.5° N/A N/A 0.0984
Drumstick 279.2+16.7 273.1£15.5 283.9+17.5 N/A N/A 0.8003
6wk (d 1-42)
Liver 47.4+5.0 50.3+4.3 543448 N/A N/A 0.4397
Heart 9.94+0.6° 11.1£0.5%® 11.6+0.8° N/A N/A 0.0437
Gizzard 28.9433 26.4+2.7 28.3+3.0 N/A N/A 0.7109
Spleen 2.840.5 3.7+0.8 2.8+0.4 N/A N/A 0.2611
Abd. Fat 22.4+6.9 29.9+7.6 19.7+4.9 N/A N/A 0.3956
Breast M. 394.2+15.3 404.5+11.3° 351.8424.5° N/A N/A 0.0.86
Drumstick 370.7420.8 397.0+12.0 367.6+27.9 N/A N/A 0.3634
7wk (d 1-49)
Liver 47.5+0.9° 68.3+7.3° 50.6+7.3% 42.1+0.4° 45.8+2.4° 0.0915
Heart 10.1+0.9° 13.2+0.6° 10.6+0.7° 10.8+0.5% 11.740.3® 0.0628
Gizzard 26.7+2.7 28.8+1.9 25.5+1.8 29.8+2.1 29.3+1.0 0.6720
Spleen 3.4+0.5 4.8+1.5 25402 2.9+0.4 3.5+0.4 0.4635
Abd. Fat 18.5+7.6 27.4+8.7 25.0+3.6 257472 30.8+3.1 0.7983
Breast M. 406.4+£23.3° 571.4+56.0° 512.4+52.2% 575.6£16.0° 444.2+57.6™ 0.1386
Drumstick ~ 409.7+20.9* 526.3+44.4° 490.3+31.2% 536.3+6.6 480.7+29.9% 0.1300

4P Values with different superscripts within a row differ significantly (P<0.05)
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12 35, Effect of evening primrose extract on carcass yields of broiler chickens at

the age of 5-7 weeks. Comparisons of the dressed weights of breast and drumstick.
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13 36. Effect of evening primrose extract on carcass yields of broiler
chickens at the age of 5-7 weeks. Comparisons of the dressed weights of

internal organs and abdominal fat.
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¥ 9. Effect of evening primrose extract on carcass characteristics of broiler
chickens at the age of 5-7 weeks. Carcass yield-to-body weight ratio and
abdominal fat-to-carcass yield ratio.
Treatment
Parameter P-value
Control v P IV(2x) IP(2x)
Ratio of carcass yield to body weight
Swk (d 1-35)
Breast M.:BW  0.017+0.009 0.170+0.004 0.184+0.007 N/A N/A 0.1751
Drumstick:BW ~ 0.190+0.008 0.185+0.006 0.178+0.006 N/A N/A 0.1774
Abd. Fat:BW  0.009+0.002 0.009+0.001 0.0100.002 N/A N/A 0.7982
6wk (d 1-42)
Breast M.:BW  0.195+0.010 0.192+0.007 0.181+0.006 N/A N/A 0.3000
Drumstick:BW  0.183%0.007 0.188+0.004 0.189+0.006 N/A N/A 0.5345
Abd. FattBW  0.011£0.003 0.014+0.004 0.0100.002 N/A N/A 0.4654
7wk (d 1-49)
Breast M.:BW  0.18420.013 0.208+0.014 0.206+0.008 0.210£0.007  0.145+0.038 0.3359
Drumstick:BW  0.185+0.009 0.191+0.008 0.188+0.005 0.195+0.003 0.183+0.001 0.8427
Abd. Fat:BW  0.008+0.003 0.010+0.003 0.0120.002 0.010£0.002  0.012+0.001 0.8784
Ratio of abdominal fat to carcass yield
Swk (d 1-35)
Fat:Breast M. 0.048+0.009 0.053+0.0098 0.053+0.012 N/A N/A 0.7891
Fat:Drumstick  0.045:+0.010 0.049+0.007 0.055+0.012 N/A N/A 0.5902
6wk (d 1-42)
Fat:Breast M.  0.056£0.017 0.0763+0.022 0.055+0.013 N/A N/A 0.5104
Fat:Drumstick  0.058+0.015 0.07620.021 0.053+0.012 N/A N/A 0.4243
7wk (d 1-49)
Fat:Breast M.  0.048+0.022 0.051+0.019 0.053+0.014 0.046£0.014  0.048+0.014 0.9993
Fat:Drumstick  0.046+0.041 0.054+0.018 0.052+0.010 0.048+0.014  0.065+0.007 0.9445
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13 37. Effect of evening primrose extract on carcass yields of broiler
chickens at the age of 5-7 weeks. (A) Carcass yields (weight ratio of breast
muscle and drumstick compared to body weight). (B) Carcass yields (weight
ratio of abdominal fat comapred to weight of total body, breast muscle and

drumstick).
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6. @AW B3ist XS T YA Wg AT

gololxn Hx F= Aol wigk Aelstd wstE 457 9t AU AsE
Azkol ik HwEAM e Fdsn. dAW AITEAS 0, 4, 6FFlA A ORFE

ol 1% F total triglyceride (TG), total cholesterol, glucose®] TE=S =A3 o,
ZAyt= Table 69 Agstdcr 28y RE BEAIE (total triglyceride (TG), total
cholesterol, glucose)dll Al F®E ¥, A2 43E Fo4d & Aol YERUA] &kt (£ 10, 19
33). Folrtx Aysts 74 Ax Aol E MAE Welrt tha AA vElA duto]#
Az F=d Ao e A3t 794 FF 4L v ojdvta ddd.

¥ 10. Results of blood plasma analysis in broiler chickens at the age of 0, 4 and 6

weeks
Treatment
Parameter p-value
Control v 1P IV(2x) IP(2x)
Triglycerides (mg/dl)
Owk (d 0)  129.0+£30.0 164.84+26.9 133.0+4.8 145.0£7.9 132.049.2 0.7835
4wk (d 1-28)  42.0+14.1° 78.3+19.2%® 47.7+16.5 114.0+25.1° 72.0£12.7° 0.1626
6wk (d 1-42)  78.5+13.1° 49.0+8.5" 81.0+3.5° 174.5+5.3° 87.5+35.0% 0.0915
Total cholesterol (mg/dl)
Owk (d 0)  49.3£14.2 80.3+6.9 36.7+8.3 62.0£13.8 62.0+6.4 0.1706
4wk (d 1-28) 91.3+8.0° 107.3+4.4% 87.3+2.8" 126.3+9.4° 115.0+2.1° 0.0150
6wk (d 1-42)  100.5+36.4 101.0£17.7 103.5+2.5 102.0£13.4 110.5+11.7 0.9988
Glucose (mg/dl)
Owk (d 0)  257.8+3.8 247.3+17.4 228.3+7.4 242.043.0 244.5+9.5 0.4945
4wk (d 1-28)  246.5+5.0 255.549.9 230.3+2.8 239.748.9 245.5+1.8 0.2759
6wk (d 1-42)  244.0+14.1 229.5+10.3 212.5+1.8 242.546.7 231.0+8.5 0.5090

¢ Values with different superscripts within a row differ significantly (2<0.05)
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13 38. Plasma contents of triglyceride (TG), total cholesterol and glucose
of broiler chickens at the age of 0, 4 and 6 weeks according to the treated

groups.
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(B)

Wild type CTGAARAAGACGGACTGTGCAATGCTTGTACGTGGAGACAGAACACAR

CTGAAARRAAGACGGACTGTGCAATGC ——-TACGTGGAGACAGAACACAA 3nt del

SRR CTGAARAAAGACGGACTGTGCAATGCTTGETACGTGGAGACAGARACACAA 1nt in

CTGAARAAGACGGACTGTGCAATGCT-GT--GTGGAGACAGARACACAA 3nt del

MSTNKO#2 CTGAAAAAGACGGACTGTGC———————— TACGTGGAGACAGAACACAA 8nt del
MSTN KO#3 CTGAAAAAGACGGACTGTGCAA--—=—=—=—= TGGAGACAGAACACARA 10nt del
CTGAAAAAGAC————————=——————= GTACGTGGAGACAGAACACAA lént del

2% 39 A7 FE 12 A BHS A% 7] S99 & 49 =% ATAEAL
nhol @ 2B}l §AA AA M EF

A

i

2. MSTN KO ZSATA X #3155 v

v

3¢ AA  fFHA]D MSTNeol AA" IHFHAFAE  dwt (wild-type)

S
TH5AFAESe] AA (proliferation  rate)t 3} (myotube differentiation) T ®H S
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Hl sl -4 MSTN KO &SAFAIXe WT S AFAMEe] &5 A% (proliferation
rate) WA3ITE (2 40). FS5AF (proliferation rate) 4YAF-E MSTN KO
THATAEZE WT S5A7AES} vlur] o802 Frketal & BHoFa vk 19
40). T3 &8 #3} (myotube differentiation) 2= MSTN KO <SAFAE7F WT

THFATAESL BlAA] FojAHem FrFsktE 1| 40).

(A) ram7 . MSTN KO

® SRS | -

Cell differentiation rate

Live call number per 1 well

Percentage of diffeventiated area
(&)
g

rOMT MSTN KO

19 40. Proliferation and differentiation of myoblast cells and myostatin knockout
(MSTN KO) myoblast cells. (A) Morphology of differentiated myoblast cells and
MSTN KO cells. (B) Comparison analysis of myoblast cells and MSTN KO cells by

day 5. (B) Comparison of differentiated areas during differentiation periods.

T MSTN KO & dFA 2} WT SH5dFAEY] Akl fdx HdS vushr]
213k RNA NGS sequencings dste], 32 o4& g4s vluw 249 (17
Global gene expression H]aLo|A 2%l 2ol =
genes)ol W3 FH FAAES Il o, olzd 7% .
SA A EIad A fFAz 2d Yy BAY 2d 7 dE ASE B 2849
HA7EA 7 &

3 T As AoR FuHET (in vitro axssayE 3 FEA HUb
Alz=dle tigk 53 55 $%
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Control MSTH KO
Un, v Diff. Un. v Diff.

19 41. (A) The pie charts displayed the compositions of the DEGs between
Control and MSTN KO myoblast cells. (B) Heatmap analysis of clustered
DEGs between Control and MSTN KO myoblast cells. (C) Vendiagram of
Control and MSTN KO myoblast cells between undifferentiated (Un.) and

differentiated (Diff.) stages.

AR dd el gig vlut= diff. WT QM7/undiff. WT QM7¢} diff. MSTN KO
QM7/undiff. MSTN KO QM7& 4 va 24 F HIFHoR F wuazite] zols
AT (2" 4. HIFHoe=Z WT IHHAFAMEAAME 2416 DEGs, MSTN
T ATAEA A= 1631 DEGsE  &<lstlvt (2d 4. olds Hlu #4& 3
HEHoz MSTINISATAES WT 25d7432e] 23 34 FollA9 1,139 DEGsE
gFel3} 3 th. (cut off values; fold change > 1.5, average normalized RC (Log2) > 2, p-value
0.01). ©]& 3k DEGsE &3 10719 clustered biological process GO terms= &<2135}% o™
(3% 11), 53] pb3 pathway-related processol A 2] 242 =polE sttt (& 11).

AN
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¥ 11. List of GO (Gene Ontology) terms obtained using enrichment analysis for the

differentially expressed genes.

GO terms p-value FDR q-value
IL2_STAT5_SIGNALING 1.14E-05 5.72E-04
APICAL_JUNCTION 8.05E-05 8.64E-04
EPITHELIAL_MESENCHYMAL_TRANSITION 8.05E-05 8.64E-04
GLYCOLYSIS 8.05E-05 8.64E-04
DNA_REPAIR 8.64E-05 8.64E-04
HYPOXIA 5.02E-04 2.79E-03
INFLAMMATORY_RESPONSE 5.02E-04 2.79E-03
OXIDATIVE_PHOSPHORYLATION 5.02E-04 2.79E-03
pb3_PATHWAY 5.02E-04 2.79E-03
COMPLEMENT 2.73E-03 1.36E-02

gt &3t HAHAAM Y pb3 signal pathway 71d A& fete] F7H# QS AR
g3k th. mRNA NGS ¢F 9126 528 A%=E 5 o, p53 #d> gasiAw p2l dde
S7tete Aoz vEhgnh olgdt A wEshEt ofye ZR3 Tk FAd FFS
HoFAT (17 42). Desmin Zd ¢S & wj, MSTN KOolA fdddo=z we 3}
Fds BAFE AP sl (L™ 40) A" EYEAAE FolHd FUHE B FUT

Y 42).

M

—~

% 432 String B4 o2 3§ w3} 7 ph3 o Ad#E FAAte] wE FAS FRlshy
p21 (CDKNIA), w&# o4 <1# (LIF), DNA &4 X #HAe1x 4 (DDIT4)7F p53
(TP53)3} AfHoz Azzagiives AL F%
AZs7] g8 e 2% 23 34 2 WT QM7 3 MSTN KO QM7 9l qRT-PCR <&

d 3-43 A9} o], LIF ¢ DDIT4 9 @& 4+ mRNA NGS #437
v =8kl 3k 9l MSTN KO QM7 oA fojdo s AT (19 43). oyl ARES
mRNA NGS o|lA F2% p53 AzdgAAe dadd fFAxREe] ALY 23l Fa3

(L¥ 43). LIF ¢} DDIT4 ¢ #dS

e

T eI 22 gYde AE Vlss 2-dY. 5= DDIT47F mTOR 425 %
H]

o Y=olA Fod JFS Ftm dHA vt w3 Akt/mTOR  FoxO
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(B)
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0.0 I
P21 P53

Desmin

P21

Relative density

 diff. WT QM7 mdiff. MSTN KO QM7
138 42. Western blot analysis of wild-type (WT) QM7 and myostatin
knockout (MSTN KO) QM7 cells in the undifferentiated and differentiated
stages. (a) Protein expression profiles of p21 and p53 were compared between
WT QM7 and MSTN KO QM?7 in the undifferentiated stage (**p < 0.01, n =
3). (b) After 3 days of myotube differentiation, the expression levels of p21,
p53, and Desmin were compared between WT QM7 and MSTN KO QM?7. The
graph indicates the density comparison of each protein expression profile from
western blotting. **p < 0.01, ***p < 0.001, n = 3
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19 43. String analysis and qRTPCR validation of p53-related genes. (a) String
analysis of p21 (CDKN1A), p53 (TP53), and p53-related candidate genes
identified from RNA-sequencing data. Protein - protein interactions were

analyzed with the STRING software. In the network, proteins are represented

as nodes. (b) Expression levels of LIF and DDIT4 were analyzed by qRT-PCR
(**p < 0.01, n = 3). Quantitative analysis was performed using the 2 - AACt

method by normalization to beta-actin gene expression.
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1. 99 powderE ©]€ 3% enteric coatingd] &3 AA BA (ZE 44)

- ARA A

T 71 A ZeF H] 3L
Core FHAE |9 B 258
A | vEAR AEE 30g
A | /T 10g
FEA | A" 10g
&3l Al ﬂi.’:?}‘%ii UEF bg
A A 78g
U =8 | Z"®7]A| | Kollicoat MAE 30DP 41.02g IPESZ 1231g
7}4A | PlasAcryl HTP20 10.47g IPRo=Z 2,09
&4 A T 20.47g
A 94g
- AlZF v
1) Core pellet®] Az
LiE At Aes A9 &9
i. 18] 232 AATE 931 AFgES Ax

i, 119 AFES extruder(AY Z7] @ 1.0mm, 3|d &% : 30rpm)ES o] &3] =538 3}

2) Extruder AF%
~. Model ¥ : MG-55 (A ZA} : Paudal, Japan)
iv. 19 ¥9%3% ¥ HE Spheronizer(3 A4 % : 1000rpm) S o] &3te] +HAHES A=
3) Spheronizer A}
—-. Mode 19 : QJ-230T-1 Type (#|ZA} : Paudal, Japan)
v. v FEAHEES HAAdxzT|dA dxgn (dxzx1 0 60T, 12hr)
vivel dxd FE3HHES A (A 18mesh)

vi.vie] T8 39S Flow coaterE o] -g&3slo] &g
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4) Flow coater A}

—. Model ™ : WBF-II (A %A} : ChongQing ENGER Granulation & coating Technology
Ltd.)

5) Process parameter
-. Core ¥ : 800g
~. Drying Air Volume @ 70790m*/H
—-. Atomizing Air Pressure : 200Kpa
—. Inlet Temperature : 40°50C
—-. Material Temperature : 26°29C
—. Exhaust air Temperature : 27°30C

-. Spray rate : 8 15g/min/kg

vill. vii®] FE&3E FEAHS BRI xR dx2% 40T, 2hr)
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1% 44. U =H (enteric coating) ¥+ B &% AF. (A) T B £ AF.
B) 37 K7 BT AF.
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g MEHZHH EHE 24

L= T AAF A

O 7= A= AwiHA T ALd=7F 58%F AA st o, A= BAFE 65%0] 4 7

A
4
Am A AT AE (E D).

A Al 9 AARR A, oA mrke Rl (2
7], )2 A AIH dovt wAd M AU HeE g A FVE 2 HAE F
i m G 75 FEAES AN dAAE Ay

O webA oleld FAERE B ARI/MI AL A AF 4 L 7%
At gar)zel Aolg Baf aulAst FEe HAst] 7154

[e)
Aol A+

¥ 1. 20199 T AA-A3F

A4 A4 (ha) @ (kg/10a) Ak (M/T)
7 265 (58.0%) 321 828 (65.4%)
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Al 49 (10.7%) 245 69 (5.5%)
A= 457 274.7 1,266

2. B ARAAA AR BA
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