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a7t JAMES & F AAT AYFUE shEe HIS231%) e wE
9 ¥]E(28.0%)°] o}F =t} #H E]'U] E9] X gl= OPU =g z(j A2 7] 50
22 Fol gETHG AT A L WAl ARIULE ¢ & Ut P

oy o o
% OPU 2=zt A W] E APsh= AL AP §84 &g =8 T3 5
Ao g AE3he- Mg e T2 = F AL Aol dEt;

Ol =~ W N
% fo i o L

L aAE BET £HY 4120 B

e £AVA FAFAL BT AAE Aol $F FF P
FHAAE 2T Qe e FAT o4 e B FEAF P oy
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=
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F7F Aok =3 A=A A Linoleic acidE *35h= Phosphatidylcholine 2]
stefFo] A ATy vlw Al 4.59] o (Sudano et al. 2012) Linoleic acid
A8 Al AZAW AstEke] ZHaEoe] FZARESo] =7HMonica ea al.
2015) "= ®avk ok wEbA linoleic acid7F &% w2 & <lalbuminol]

A3E Fee] Linoleic acid albumin(LAA) X8l & 53t 2N =E &4
AEE stz sttt

m. 3y
1. A& =4
g Adtistn sEIRFSATAERE 5~10707tEe] GdAaE A g o}
AATE T Al"st 13 Aol AME-sAth
2. MAs A 3
+HtE dA= AMAE 5 18 gauge syringeet HEPES7F *Z3HH  washing
mediums ©]-&3st GEAES sttt G2 Aol 2-6mmel AYGE
oA GxAS FAY F AHIT F AN FAAANY. JHd=S AAAA
e st FEjR o E AFAolm MEEo] Fdstal AT T LSHA
A

3. A 2]A % (In Vitro Maturation , IVM)

Ad¥E mAs dAe AY8s AAHE AA AdFAHe] 7Hsd GHE v
Et}. 349 JA+= VM medium (MK Biotech, Korea)2 2~33] A %3 & 6
well dish (IFP, Japan)oll #5=3le] AFHlo]El(5% COz 39TC)oll A 20A1ZF Hj
sttt

4. A 5A(n Vitro Fertilization, IVF)
Density centrifugation (nadacon, Sweden) & Al&3le] 9+ AAES AW
st sperm-washing medium (ART, Australia)o.Z A& Al & (centrifuge at
500g for 10min)3tar 150~200ul®] volumel 2 3143t A4S npxl 4
&S IVF medium (ART, Australia)©2 2~33] AM&stAA GFAEE 58
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e AT A 9 o)A

L

o} 843k AAE 15~20ul FYUsE] 39T o] 5% CO, ZZAA] 20~24A13F A<
542 ANt

5. A vl (In Vitro Culture, IVC)

A &S IVC1 medium (ART, Australia)© 2 2~33 AA3 5 39T 6%
COs % O, ZZoA AuiFS AASFAIL 96A1ZF FH IVC2 medium
(ART, Australia)o.2 wASAT. AdTol met [VC vl W linoleic acid
albumin (Sigma, Germany)-2 *] 2] &} th.

A <] vl F

. 4% S ZAEmbryo Freezing)

T8 = 7%174 TATE T A&t o, SE wivtE FHE
39tk Holding medium (IMV technologies, France)oll Al  wjul
collectiond}e] 2M ethylene glycol Freezing medium (IMV technologies,
France)ol &7 108 Wl 0.25mm strawol SFATS Z=HA3AT.
CRYOLOGIC CL5500, CL8800i HZ27|E At&3l o™, -6ColA seedingS
A8tk -35C 74 0.5C/mine rate®2 L5 E 3743 o -35C ol A
T4 ZE2I3o] g5H strawe HA|FLol 183 HHste] FZAA A

W
("

PR?TDCOL 2: Bovine Embryo-EGlycol 2

Control Temperature (°C)
b & b Kk A oA

20 30 40
Time from Start (mins)

%4 protocol Seeding
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7. FA™ AE

AA Ao HHEFAYE straws Aol 10%, 36Col 17 A5t sl
A1t} StrawE cuttingste] FAZ]E o] &, IVC2Hi ¥l Wl +4d&& HEA
712 2~33] AlZE vkl H 39T 2 6% COs; 7% O.273}ol A 48417 5
hatching& ##3tt.

A

V. 23 9 3%

20183 3¢ AT FTHEE #I AFE FAAzH FEHHO HA
37.6%(H ) 43.2%)2] wiRvtE A4kt H 81%(H W 100%)e] FEAYEES B
At Bt & TAYES FHE 93 LAAME A g2 gk

Table. 12 LAAS] A7 ZH7|E A3t Ado|ty A ddo] Y=+
IVC1 A2 Al7]<} siRtzAY4E g1 o] == IVC2A7], Tk A v gaA
o] LAAZ A g3 A7} IVC1 A7) LAAS H71819S ol miulE A4S 46% =
AY =A deta A FZo HUKsIEes W 36.7%2 "Wl @A e
Hatched BL =3+ €3 JH€S 20

Table 1. Effect of linoleic acid supplementation period on the development of blastocysts

No. of No. of embryos BL production No. of hatched Hatched rate

fipain oocyte Developedto BL rate [% = SD embryos (%]
(A} IVC1 60 23 46.0 = 3.44 20 18.3
(B) IVC2 50 21 420 = 421 16 66.7
(C]IVC1 ~ IVC2 19 18 36.7 = 2.73 14 61.1

Data are the mean =+ standard deviation. Treatments were repeated in four replicates.
Group (A) treated and cultured with LAA during the cleavage period of 96 hours after IVF, group (B)
during blastocyst formation period after IVC1 and group (C) during all period of culture.
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LAA AHeg] A7]& IVC1e&2 gRlsta 74 gja-(controD¥} wiwtE A4bs3 &
A EES v @#—— Table.2~3 ¢ o} 193]2F viwtZEAY LS Ul 2
93] 2t Eﬁ*ng wAFE P A, LAAAEFolA Bt viutzAL-&
o] 42.7%, TAAEE] 87.2%% control L&l vt =A YERGT

=

Table 2. Effect of linoleic acid supplementation on the development of blastocysts

No. of No. of embryos  BL production rate .

Group oocyte Developed to BL (% = SDJ Figure of BL
‘z —
o
control 424 160 37.7 + 157 i

(2

@
.‘p(’_\eq;
LAA 422 180 42.7 + 11.88 %

Data are the mean + standard deviation. Treatments were repeated in nineteen replicates.

Table 3. Effect of LAA in IVC on survival and hatching of frozen/thawed blastocysts

Grop  No.ofpL Hatched BLwithin 48 after Figure
. i i 0L +
freezing & warming U = SD1 oo iately Haching (48h)
) -
Control 45 36 (80.0 = 2.98%) ¢ ¢ (7 Y
() - : \'*)9‘-1
) \91) &
LAA 47 M (87.2 = 11.48%) . @ 0
® R
LY . %
b
Data are the mean + standard deviation. Treatments were repeated in nine replicates.
A0 2 LAA A2l 7ol A $47e] Ero] nh ofFe AL AT F U
om o]= x| AZo EBxIAH == o3 ax2 ®lth linoleic acid7}b
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'{l: = E Og o = R I} |
o molle= AlXue] ARZE ALEHEXE & F oy Z2EHOZ ujutx A
&Y FAAEES PO E He 4] & 4 o &3 Linoleic

2qE

LAA A gld] w2 wjutz AY2kg = o AF Ada, LAA A g
Toll A wivtE kg 9 5E AEEo] F4E AL s Th LAAA ol
w2 ez AYAES LAAXE TFAA 42.7%, NZTFAA 37.7%=2 5% 4%
E3E HYT, 52 AE8 B¢ LAAXNEToIA 87.2%, thETolA 80.0%
2 72%9) AeasE Bt LAAVF SANES B9 olyg) mivtE ik
M= TAHA FFES A= ALoZ YERTH

[¢]

71 ES 2 F3A S

Linoleic acid”} oleic acidE @A3sl= &4 Stearoyl-coenzyme A desaturase
(SCD)9] HdS oAgttE= A7 Bark ¢lvh Oleic acidE oxidative stressol]
3k A3FAHS 71A 3 cell growth, signalingg FE3E IS B8 AT
o] F83 ZA8 FYPstes ® 92 F8 Exst Atk 3 FHRoITh
m2kA], linoleic acid®} oleic acid7} ¥4 ZA gt LOA(Linoleic acid and Oleic
acid-albumin) *2]& Fall wiHtz Asks 9 FANYEE FFE IR
1=

w3 '199% AP AT A hoechst dyeE A& +34 3 <

stR o, HA A3 xHo] MHEEHZA ol TAEZFE FAT & UATH
TaoA BEFsta e FFARHE D AZE oA AWt 34

S, g o] W] AMAIRA FHAS ARE dS F Y F

H AR 7e FFHo2 F4H FAEZF ZAE AlPstaa o
kel A
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B ATE 24474 B9A0A FAHYoH FAZLS AA o,
A%, AAFAASBCS), 43 5L melste]l A0FE AEERon
Aok WS Yol & 2w 2w FILS AU

253 29 A4 vidseA Axd
%

Z(SONOVET R3_50/60H2)E & &3l SAGHA, SAFF4, WA
EE Zdsten A3SEH AlasF AfolE offj o] Al 2ol Z4 st
AT

(ZE3 29>

12th Rib. fat i,
13th Rib.

1=
|y

ox,
-z
“o

Ayl

=~ O
Bl S

2 A 2 AF

FASO thtel s AL 2SS Astel P71 gl A
AE AASA 1A A2 F AL, AARL, FHA, F4, 14, FE,
97E BE RBZ, AR 53 2 AY YL ANGGon AF
e 9971 Azgel AT W 24 Qv
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AFSAFT>

e = =
¢

A - s

1
|
- L ¥,
— TN 1|' e i

.I_il. FYL o ~————
pe i

€< '

{1 13 E=2HET M=

A-B - ®M = C-D : SEbEo E—F - ®MIEH-SaE G-H: 8 o
| —J - = K—L & = - 2= MN-—O : 2 &
J—P = 3= g 5 @By

= B9 B2 A4S Fis RE EX= sEein

V. 23 9 3%
Table 1. 20199 % Autr] R 3¥l7] 253 A3 vl

ZFAL A7 S A 2 (cm?) SAF7) (cm) ZU A=
A7) 67.5+10.2 0.3£0.5 1.5%0.7
3ak7] 68.24+10.2 0.440.4 2.54+1.0
- 79 SRS Uiro] 289E SAsA o, Air]e) shibrle FA
94Hy, SAYTFAE v dASHA SAHEJT. ol=, JMAY AT
zgute] wEeo] AT Aow ARG T, ZUALEY AS 257
F=x} 2o o B3 gte B3} o] 1A So] EA|Er] U

R SATHEA (cm?) A7 (em) YA E
1~2 wgt 55.6+13.6 0.240.1 1.6£0.5
2~4 wgt 65.746.9 0.1£0.1 1.4£0.7
4~7 Wk 74.6%10.0 0.3+0.2 1.8£0.8
7~10 "k 66.4%6.5 0.5%1.0 1.4%0.7

67.4£6.3 0.2+0.1 1.0+0.0

10~13 Wyt
- 2% 34 ARE T dB¥E AFAE 2ASLA AT 4 ~ TA mRE
OENA SATART ZUALETL 74 =4 e o, 4 ~ 74 BEitxR|
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= Aol F7ste] wel L3 Ay gro]l Fviste Aol yElwt. -
G4 S L 24T 2259 =4 =A4 L T2MLE A STV F
A& Yeg= Aoz BRuFEg o, o]zfdt FA= B A Ayl fAFS)
A B2 A
Table 3. 4Fxp8 &3 &9 Hw
A2} SA A A (cm?) S A7) (cm) YA L=
0 58.5+11.2 0.240.1 1.540.5
1 71.3+13.9 0.340.3 1.64+0.7
2 69.943.7 0.240.1 1.340.5
3~4 66.046.2 0.841.3 15408
5~6 73.7+7.5 0.240.1 1.640.9
7~11 67.7+8.1 0.240.1 1.540.8
- A 259 FYS v wEd S o, SAGHAY SALFA, TUAYTE
o] 2 FEe Qe Ao wE ALRHU vAAS-9l 2ASE o F
AFA, SAGAA, FUA T )3t 4kxpe] Fgde gty RuFEo
o B AL Aol v A T FF3 AMFHE] o] Zolrt A & Aol
28 &3¢ AAol "o & Aolgt AsHTH

Group SAEE A (cm?) S A A (cm) SHAY =
1 65.7+11.4 0.5%£0.6 2.8%£0.7
2 58.1£5.3 0.3£0.2 1.6£0.8
3 64.9£3.1 0.2+0.1 2.2+08
4 73.3£10.7 0.4%£0.3 2.8£1.3
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FAE AZ A7S Fgsto], AP wet 4 group (group F 10F)SE

e
gAY

[e)
F39a Ad S EESFE 1222324 <22 JEYAY. EA AF
S

Atolell Aol A@pAr Rugo) wel, 2Su AWyl oy
= 3 aEEor & Boz Al HL.



Table 5. 253 543 44 HF A

A= (kg) A 3 (cm) A AL (cm) A7 (cm) & (cm) &% (cm)
487.4£53.5 133.3%£4.1 134.7+5.0 150.7£7.0 72.412.8 44.7+5.1

7 (cm) 87+ (cm) =3 (cm) =+ (cm) %1 (cm) A& (ecm)

53.9+2.7 51.0+2.9 47.8+£3.1 26.61£2.6 190.9+7.2 18.6£1.0

- ZAZ] I3 okx W AF =4 AFS UERA ZolH o] = 607K Au=
=&5M AF2 461.8kg, AAN-IL 139.3cm, A% 154cm, F4! 72.3cm, 117 55.3cm,
82} 50.8cm, & 47.8cm, &9 186.5cm= 578 HIJL TN FAZAK2016)0
w=m 607198 A% 489.5kg, AAHLT 130.4cm, A 154.20m, $4) 71.7cm, 1%
52.8cm, 87} 49.1cm, % 46.7cm, §9] 188.5cm=E F4kATA0] 6070dE o] A}
AYPHoZ S0 Z ekl A Th

v. Ag
L 2E3E B WL AANTS o)k FANA FEAL ANE A
SA Aaste el mEselol Wk dae) A9 14 F oRE, wg
SEE neAsol 4 - A VD A @ Ag RS BEAE Aol
24 Holet AmH

2. AP} AT Ao FHA4Te] RuHa o AP SF dHT
A7 Jorz 23 A5 gEY A, AR, AF L F9 &5
o] AY FAE AYAEE &§ FHojoF & Aol

<3 A AAY o], AF, AAFAAFBC)HY 23 =AHA
o SE=EEEE, 4 gE)ek 2ol ok Holjop & Argo]l ®Y

ol AEHAFE Tt AR AHE w0k & ZolH.

1. 2% ARE BESte] JZEIHE FH3) Yrtx, o] HolHE 7]
WMoz st 49 18e AASe] A% ARE BEHA AT 31
=)
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HAFE | ARATFHA Ad718 | sEHSAHAEFR s34 F7s719H 7k
E
53 A7) 20194 A7/ | 2017 - 2019 | o] 4 50(0001) d
=
ATHAY | ATl RS FHETAE AT AL ALAT
ARaAE | REesld A 8 olel ARFeld ARAT
7o P I RETES geln
A7AYA | FdATLe | AT 3132 AT
oA v b Rl 3113 AtFA A ER] H A 5
AT 2 = 3124 ATHx
oA 2 Rk 3123 ATde H AEAF
Fold T4 ” o] 3] 3125 2 g
Fejd el . CEIEETEE Aepel
oA T4l P FIREY 3172 )
FogATd v o] %15 3110 ATE=E
- HIEPIEY AR FgoATE 2R ASAE -
I. @754

N

O HA9 w9 R35 welst2 A Al(hydrogenated fat coated BOE 4
T 9 €5 dA=EdS A6t HHe F

ATEZAZA, WE7IEE 1 mge BEY A 400 IU

o BAS Itk ol& AZ, AR, WA B A xA o FAd 4F o,
53], A3 #dste] dao FA O Wo] EAY W FEj&o] FHE= A
o2 ¢#A 2l Hurley and Doane, 1989).

O &tA R tigl 24Pl A HE7t2R Y a3 vk u] H A o] A9

2+
ByE wv QUAY, HEEA] o), B AT 1dx AFoA ddy AlTH
L HEe7 28 AAAARZAR)Y 5 A=E B A, TFaTe) n)
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A A thFEo] EHoE A
O T3 REASFH HETIERS
W E3l&o] oF 50% o3 =2 FFEoE
2006), BFE9] B Aol AolF AA7A| IFH R oPF £ YEF =
RE3AE7) .75,
O 2¥dxtZA o)A pg-carotene’s=o] R 32 F(protected BC 2 BC+Vitamin
Aol Z+ZF 131.96 2 13344 pg/dl 2 FH7F 2 v RSAZFTRY 7235
A=A YeEbdd wet veEIEE g5 RS a7 HAHQ Ao = e

o2 YAFe 12FONAA S 431.4+15.4ke)E AT &, A3
AAAZE] Zol7t AA F=x F /e 3@ X 8m)ell Z+ 3574 #jx| s}
R, =2 ArEA AAE = IA sAH.

O A7+ & A7l s 7Ed vF9 BE vepl=dAAdd s 5

T IhY AgF=E AR e, g pen(-+-HF 3FY dAFE FAIEHA
LT P Ul e 2t 22 AT ARE HANES AAER B
&t e m, Change-over design© 2 AtFAAS AASAT. 2 period= 28
A2 393, F 3 period 125F37F AFUAIE S A A SHA T
O ArFAFo] A= Sok ARE 1Y 23 ofd, AYoE el F
A, Ml FoAFT IFe 715t ARAFAES =AY 1

A7) Asted B 13 Rl ARE AR ST G

O & 479 AdFAse AT AFEEARTMR) Az Fe] He7t=

] A
AA 2L AUAAAE FE3] AUIA St D PP Fo] FUHEE wFs

r
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Fig 1. Appearance of rumen undegradable B-carotene (Korea Patent pending No. 10-2019-0085129)

Table 1. Ingredients and chemical composition of experimental diets

Items Ingredients
TMR" BC supplement” Non BC supplement”
% of dry matter

Dry matter, % 59.06 99.87 97.40
Crude protein, % 13.13 4.72 4.68
ADFY, % 25.40 - -
NDF”, % 47.15 - -
Ether extract, % 6.42 86.19 87.43
Crude fiber, % 20.51 - -
Crude ash, % 9.50 5.51 5.23
Beta-carotene, mg/kg 1.23 2,002.60 2.36
Vitamin A, IU/kg 5,822.25 - -

DCommercial total mixed ration was purchased from Hapcheon Livestock Cooperatives feed mill,
Gyeongnam province of S. Korea; ?B-carotene supplement that is double-coated with hydrogenated fat;

Yhydrogenated fat without B-carotene; “acid detergent fiber; Yneutral detergent fiber

O Ado] MAPH+= < WE7IE" 2 A4 JFLL3MES
A

o] chromium sesquioxide (Cr;05)E AAEZ=Z ALE3FHP L, A
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of AAA 19 ¥ 5 g& FolAmst Tt FFaAh

Table 2. Feed intake (g/d) and chemical composition of experimental diets

Treatments, mg of [B-carotene/d

Items

200 400 600
Feed intake (g/d) as-fed
Commercial total mixed ration” 9,000 9,000 9,000
BC supplement” 100 200 300
Non-BC supplement” 200 100 -

% of dry matter

Dry matter, % 60.33 60.37 60.40
Organic matter, % 90.68 90.66 90.66
Crude protein, % 12.67 12.67 12.67
ADFY, % 24.04 24.02 24.01
NDF?, % 44.65 44.62 44.60
Ether extract, % 10.65 10.66 10.67
Crude fiber, % 19.42 19.40 19.39
Non-fibrous carbohydrate, % 22.71 22.72 22.73
Crude ash, % 9.32 9.34 9.34
Calcium, % 1.68 1.68 1.68
Phosphorus, % 0.54 0.54 0.54
Beta-carotene, mg/kg 36.88 72.42 107.94
Vitamin A, IU/kg 5,619 5,619 5,619
TDN?, % 73.03 73.04 73.05
DE”, Mcal’kg of DM 3.22 3.22 3.22
ME®, Mcal/kg of DM 2.64 2.64 2.64

UCommercial total mixed ration was purchased from Hapcheon Livestock Cooperatives feed mill; ?B

-carotene supplement that is double-coated with hydrogenated fat; Yhydrogenated fat without B-carotene;

Yacid detergent fiber; “neutral detergent fiber; “total digestible nutrients; "digestible energy; “metabolisable

energy; DE and ME values were calculated as described in Korean Feeding Standard for Hanwoo (2007).
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O ZF periode] A 17€3E2 A5 APz HSARAL, 18LFH 229744

— j=4
Q% 507 olAAY o R 19 254 AAEE ARENL Bala] 24T B A
Hslgom, 26, 279 2 28AA AP 7 18] E38)0] 2A AL, A3

=) A tHBondi, 1987).

- ® AEF @¥Y = [MNEF CrOmg/dE g X AEHAFEF
Cr.05(mg/7AE @]

- OZ]O]:/\/\§]_

2. AW, VIEF A WEIEE B FAgE BA

!

O RE TAZS FAWu)S AHsGoH, de AR Fata] A3
CAHE gAe Wi exd oF wEsEE 9 wekw Ao 3

st A 2
HE 9] 9ot FA dFrFsd@uminum folDZ FEE 8¢ & ¢
k2o Yo dFHE RS

O +Hte FAMF2 o o] ¢ e AP dAREIE o] &
skod 3,000x gl A 107 &¢F dAEE & ASd ZmE FERA A
3, SA 80C A2W@Adae] &4 Al7bA Bastdoh

O HEH Ave = retinolS #4139 2™, HPLC(Perkinelmer, Series 200,
USA)E o] &3l EAsIH o, EAH S Qokstd o33 2t

O ¥3 200ul, internal standard 20pul 2 kit €9 [ 25uS ZAH A &3
AlZl 3 400u 9] kit € & &35t 9,000 xgoll A 10823 A&

F 4% 50§ & HPLCOl ZSiste] BAshart.

3 EdF vt 4
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O ¥% HEFIEES  Schweigert 5  (2007)2] ®Heo)| wel  one-step
denaturation 2 f7]&0] 3% % EX™ assay systemoll ¢t 4 Y A
& carotene photometer (iCheck™:; BioAnalyt GmbH, Germany)E ©]-83}o]
A sk

4 AE 2 5 HETIER E4

O A&7 1gg 50 m MZgZgx2=9 Ha 6.25% NHOH &< 5 m <}
protease(Sigma, P-4032) 12.5 mgS #7}s8lar 55C &40 A 1A 77}

oy ¥ e gtaolA 1Az HASYT. B T LR 10 nl o}
A

Cyclohexane 25 mlE A3 @i 30&7F shaking® WX sl =& Eg
ANZ g AENS FHskar syringe filter(0.45 umE o33 AL B4 $

ANBE d9eH, Table 33 2 =708 HPLCE B4 a¢th
O ®F8Ne p-carotene(Sigma CI750) EFEHS AE3AL HF
100~300 mg/kg =7} H == cyclohexaneo] ¢ FHlahch

]

Y Clarity Litet B-Carateins' Datal B-carctens 4 15_05_2018 - INTT -1

250

200

Voltage

100-

— 2.79 B-Carctens 1

2 4 & 8

Time [mim. ]

Fig 2. Beta carotene chromatogram for sample

5 Y AAA=E 4
O ¥& W AFEAEQA triglyceride, total cholesterol, HDL %
LDL-cholesterol @ non-esterified fatty acidsE+ AFIYEA7)|E o)

83t 243t
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Table 3. Analytical conditions of HPLC for the determination of /A -carotene

Items Conditions
Instrument Waters Isocratic(510 pump, 486 UV/VIS detector)
Column Alltima Silica(4.6x250 mm)
Mobile phase Cyclohexane : Ethylacetate = 8 : 2
Detector Uv450 nm
Flow rate 1.0 m¢/min
Column temp. 30
Injection volume 20 w4
3. TAEA

O E+& A&+ SAS(SAS Institute, 2000)¢] MIXED procedureE o] &3t &
A8kt

O EdAe b33 o wrExow oL AFHste A3 F&(retinol,
g -carotene E  HAALIE )] TistdE 29 ®dE  repeated
measurese A 83t th. ob&d FEAFTZ(covariance structure)= AR(D)
< A &35t XA
Yia = # + ai+ Bj+ v+ 71+ €

Yine TEWHT, nv AABPHFE, o= change-over designe] iR LAl-$-

WX A, B A period&, vy KA AT E3, o= WA AR

O B2 LSMEANS procedureE o]&3te 43t F&584 AFE
(denominator degrees of freedom/DDF)+= Kenward-Rogert-2 ©]-&3}¢
AlAFsEA a1, polynomial orthogonal contrast:= IML procedureZ o]-&3}o]
A+E E&st] LAxH 2 Q2xhaEaAE AASAH. +4 Pat 0.05
olstd W FojAo] AAFH, A 0.100]5t= A A

O % WEIE" F=o 3 AAFHAZFS AE37] A de3AEH

REG procedureE o] &3te] AGARHS} intercept 2 linear slope?]

RS TotRa, 20 mE AdA e mde o33 Ao

= Bo+ fLx;t pxt 01+ ¢

< N rlo
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v

48

Y 8% He7IE" 5%, poc AH(ntercept), put AA17]L7](linear
slope), xi= jHA WEFIEY HAAZF, oo kAA period, 6= 1HA LA
T, e & ™AE VeI
O 5 HeplEdss 9 A dFasistge] ndae g3} 2o
Yim = u + ai + Bj+ v+ tlad + e
Yine 5T, v AABTE, o 1WA change-overy ol 93k 5 =1j
A =XEH, B jWA perioddH, v = KA HHFEH, r(ehe ¢
JEAEA HA FETAUH KA SENA, epne HAF
O HTF#-2 LSMEANS procedureE ©]83te] 4t&EstAth 24 Pat 0.05
olatd wf frojdol A EH I, AL 0.100]8t= AA AT

Ay g o

1. €% pB-carotene ¥ HIEY A 5%

FoA HE vke} o] p-carotenedg == WEHIE®E FoFFo] F71E

ot 400mg °] Y F77F 200 mg woFE T FolskAl = 3ka(P<0.001), A

Aol A 15 mg/lLold o2 =A ueht w9 HlEs) WETIE”-C] ¢

gAY FFAEHE UERIS HETtE"R Y AdeES 3WA 12 mg/ll, &

AdrES 1 -2 g/l ¥ Z2HSFEL 1 mg/lolst2 Basa JiCan &,

1986; Puls, 1994). 3}A| %, HZ ATFoNA= 1.5 mg/LoldS Hojof w3l

Aoz HyEHImmig, 2009).

JF A Yed niel o], A E T8 WEFIEY dHATEES 2EEd

, €% HEepIERSsEE A835t 19 = Yehd ZolH, olE T3l

AN AL IHH Zo] AEHAL, EF 1.5 mg/lolde] HEIIER S
H 59 A AHEFS 130mg [(AF71F -

65 gldl Aoz FAHAD 2EE AL 50%R*=0.4987)e] HEHE

—

o 1t

¢

I~

|lHessss HEZIEY gog4Fe] S7istdE @5 55

&
Fsral, ddzow wWgstERe]l HIERR Aol HATEdolo=

Gk w7
AR R AFEe HER AV B55A g+ 3 dETEERC] BB AR A
a7 g3, Aol ARATE Ao AZA. WEstzde 1243 A



WxAd F2 AR, A7 day AT IxEE A5 Q)
lettlAsks BAR A3 ThEe) Wy, dARA D FAG L Beld
(Schweigert &, 1986; Haliloglu -5, 2002; Schweigert, 2003).

Table 4. Plasma lipid metabolites as fed varying levels of f-carotene to
Hanwoo gestating cows

Ttems Treatments (mg/cow/d) Contrasts, <P
SEM

200 400 600 L Q
B-carotene, mg/L 1.54° 2.52° 2.92° 0.1915 0.0004 0.2392
Retinol 0.2452 0.2435 0.2577 0.0065 0.1890 0.3066
Triglyceride 39.62 41.13 40.15 2.1087 0.8641 0.6214
Total cholesterol 197.10 193.56 196.36 7.9741 0.9493 0.7396
HDL cholesterol 175.66 170.85 174.28 6.4344 0.8834 0.5932
LDL cholesterol 59.78 70.03 69.82 5.9478 0.2493 0.4630
Non-esterified fatty acid 130.50 116.58 126.55 6.2002 0.6664 0.1131

*"Means with the same superscripts are not significantly different at a level of P<0.05;
L : linear effect; Q : quadratic effect

2. dF AEdEx

A7) oA He viel Zo], AWAEE S HETIER AFHTE0l
of wel {3 FEFS HIXA XUtk WETIEH

A FEo] AHF thakdk Ak (lipoprotein)ol] o8] 7 2o g wHkE
3] AWiAtel F@s #oste AoE 4EA thSheteet Quadro,
2013).

Chew 5(1993)2 <o}A wl wEl7IER ] dFH = LDL-Zd =EH S0 F2H5]
o 2 FFY HEeEFIEES Hksthay B3gk ¥, Ashes 5(1984)2 #l
Bl o] €% Lukx|= HDL-Zd ~H Solgtx Rustgrh sAv, 2 4
ToAAE Ao hAEHd = e IFE UERA] AT

o
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(@) (b)

) ok

BC_intalke

S Conidaaee Tl e P ik
Fig 3. Residual (a) and fit plot (b) for plasma beta-carotene (mg/L) against
varying levels of beta- carotene intake (mg/d).

Regression equation : P _BC=1.10237(=0.285) + 0.003(x0.00067)BC _Intake(P<0.0002;
R’=0.4987; MSE=0.2707); P BC = plasma beta-carotene concentration (mg/L); BC_Intake
= beta-carotene intake (mg/d).

AFeEol F7Hsel wet frofstAl 5
(P<0.05, 2 A &), 400 Z 600 mg FdF+E= 200 mg FoTHT <]
ohﬂ =9k 0 L4 (PL0.05), 4003} 600mg o7+ Ztol o3k 2tol7h vehuA] &
Atk B ARe AHFE SV 2w wErt R Skl Z11s 2
Fo]m, Mora 500D ATl oJ3tH, AL kg@ 5.5, 44 L 352 mgo] ®IE}
2B S E2ElQl AMSo] F959e W, B Az g9 403, 1491 2
90.64 pg o= FARE e UEAT

=3, A FdLaasE2 HAFAEFES AT A FFLdA wE
7t2" AFAsEe] S/l wet frofsiAl S7EeATHPL0.05; 1A+ 2 23t
3. =%, 2u9d g deptEd &£58e 33 13 B 23HoeR 4

FHeFol S7hel wet felsAl 571k THP<0.05).
HEFRZE 4382 200, 400 2 600 mg AFH TN b 737, 821 H

CN
oh
32
kS

Hr

83.8%% LT, olF A3ee A¥eld 4 AolAF Awe AR A7t
BAste] v 2 AT 2L oA A FEAd|He TLEATE Hy)
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& AT, AHbF o T0%01d o2 =A UEkal, o2 Mora

o] Aol YERE 66.25~88.14%2] AAAsH-& At FASFA A
o] F71gtel wet WEIEE A EE FostA Fisted B Agts} %_];‘(]6‘}

%(2001)
, AHT

At

3, Wing(1969)2 =Aks0l FfHol e viE7l=d 3 AEo] 435484

e 78T AASE oz ANSES W, 19 dFA AEhg A

E23t8e 47 77.7% 2 55.3%2 UEg1, 7tEEe] 288 ZARAYAL

4, 2ARFHALEA, dx, A9z, BER), 23EESG 2 T o
o

Table 5. Fecal beta-carotene concentration and whole tract digestibility of
nutrients as fed varying levels of beta-carotene to gestating Hanwoo cows

Treatments (mg of [-carotene/cow/d)

Contrasts, <P

Items SEM
200 400 600 L Q
Dry fecal [B-carotene (rg/g) 14.33° 25.65* 26.15% 3.5503 0.0313 0.2139
Whole tract digestibility (%)

Dry matter 42.02° 44.67" 4547 1.0095  0.0276  0.4497
Organic matter 47.72° 50.09* 50.67° 0.7255 0.0104 0.3107
Crude protein 46.96° 50.05* 49.18% 0.7771 0.0614 0.0438
Ether extract 51.74° 53.30° 56.18° 1.6061 0.0101 0.6092
Beta-carotene 73.72° 82.14* 83.81° 4.8829  <0.0001 0.0192
Neutral detergent fiber 44.05¢ 47.46° 50.42° 0.9693 0.0003 0.8354
Non-fibrous carbohydrate 52.73 53.18 53.94 3.1396 0.4568 0.9098

“bcMeans with the same superscripts are not significantly different at a level of P<0.05.

f
E
2
(i,
91
Z
o
r‘xé

i a%e2 el Ul wet A AT
Z7}ale], HEEoo A YR Eajd wEl7tEE ] 9
Afraisfde gote] & fEatA A8 s
A+ EA stoll HIEZIE" HIME AE

=

2 el ok ‘i%% HE g oM STMNAT L Baste] MEvtRE Y] A
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AzE F WEEE $5 D JFasshest HANE Hetd el
GeA A S BAT Ao dEHAARDe] B35 HEIZEE A9
& ashgste] BAYE ool Ve @9k, BF WEAREEEs
47 WEb2E e BAAL 16%R? = 01605)0] R3kd wHe ven
2ieh

Table 6. Simple linear regression analysis for variables against beta-carotene intakes

§ = Variable ~ Farameter SE P-value RMSE R
stimate
Intercept 10.5944 5.774
Fecal beta carotene P 0.0231 12.4218 0.1605
(18/g) [BClintake 0.0325 0.014
DM digestibility Intercept 439122 2.231
0.7834 4.7991 0.0026
(%) [BCinke 0.0015 0.005 7 7
OM digestibility Intercept 48.7785 1.762
0.6030 3.7912 0.0091
(%) [BClintake 0.0022 0.004
CP digestibility Intercept 49.1473 1.943
991 4.1 .
(%) [BClinae 0.0000 0.005 09919 788 0.0000
EE digestibility Intercept 53.5321 2.746
(%) [BClnate 0.0006 0.006 09239 59063 0.0003
BC digestibility Intercept 72.2752 4.614
%) [BClinase 0.0201 0.011 0.0739 9.9065 01060
NDF digestibility Intercept 43.3060 2.565
(%) [BClinake 0.0093 0.006 01394 34395 0.0738
NFC digestibility Intercept 56.6508 3.633
%) [BCluwe  -0.0086 0.008 03021 7:3146 0.0367

¥ = estimated dependent variable; DM : dry matter; OM : organic matter; CP : crude protein; EE : ether

extract; BC : beta-carotene; NDF : neutral detergent fiber; NFC : non-fibrous carbohydrate; SE : standard

error; RMSE : root mean square error; [BClinuke : beta-carotene intake.
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H REWezEE 2 wxdstAHx7|EF v el7FE2EI(DSM Nutritional
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T - AFIEILA

O F"E d2 W x| o3 Hig7t=re A& =] ko] F4
dFrFIsd@uminum fol)Z FEE % & dgutre] Qo AP &
Elasis v ey

OewE FAREL 9% Mol g AurE AFUoIA UAEEIE ol §
ahel 3,000xgol A 10¥ F¢ ANEY F 45 S Fool AFF I,
24 -80C Ao B4 AZA nsc

4. @5 HEPIEY &4

O ¥% Hg7l2"&  Schweigert 5 (2007)9] ol oz} one—step
denaturation @ 7181 2 3 EX™ assay systemel &Jste] & N A
& carotene photometer (iCheck™; BioAnalyt GmbH, Germany)E ©]-&3}<]
A8kt

S|

5 A

)=
O TE AE+ SAS(SAS Institute, 2000)2] Freq procedureE ©]-83}o] 7}o]
A AA-A o= EA e

i

oJd & Pat 0.05

@)

H T35S LSMEANS procedureE o] -&3to] =3t &
o]t w folAdel AAF, AFLE 0.100]5=2 AAHFATH

B AT o3 ABE BEHEAZEAANE Fokel LA FolsE Ak,
g FFOIT @ FIT FAF Aol vehdA @k, ol e
2k2k 40%, 40.7% B ALE6%E AS] FAS] FATOIN S FF FHEFY
st vIFaGh HAT, BF HEIEREEE R TR FoI ol
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2 ulRo] AWE WES wEHY WEAZEe Y Frasel FEF 4
o2 WUHYL, WAAYY 2YAE ol§F WEAZHL AnHiA
29 59 etz ant ol A ueht B Aol AuE

Bk $5ekAl Bk e,



Table 7. Effects of feeding rumen undegradable beta-carotene supplements on
pregnancy rates and plasma concentrations in Hanwoo cows as recipient Cows
for embryo transfer

Treatments
HF-coated Cross-linked
m SEM <P
(Cnor;trcz) 0) BC? beadlet based BCY

(n = 27) (n = 24)
Parity 2.73 2.38 2.70 0.4541 0.8198
Age, month 52.21 45.26 50.67 5.6292 0.6475
Supplementation to ET? (d) - 90.46 101.21 5.5680 0.1785
No. cows with pregnancy” 8 /20 11/ 27 10 / 24

- 0.9937

Pregnancy rate, % 40.00 40.74 41.66
Plasma beta-carotene, mg/L 0.76° 3.00° 4.40° 0.2677 <0.0001

“>Means with the same superscripts are not significantly different at a level of P<0.05; "No
supplemental B-carotene; “hydrogenated fat coated B-carotene; “cross-linked beadlet based PB-carotene,
which is donated from DSM nutritional products Korea Ltd.; YET = embryo transfer; “number of
pregnant cows per number of total cows for embryo transfer.

@ FAdeld A g Afstel 4F HﬂE}ﬂi% TES 24Y

3 5
3t f9% 249z = t}. Aréchiga 5(1998)2 A
90 ol HEIEE S 59 71209 9] FE &0 HET o
FAFANA Fos A =A JEbES Bk ol 2k35.4% vs 21.1%), FHE F
7Vttt R stk Tekpetey S(1987)& Aol wel $AbdA 719+
AL/wo vlate] HxE& HHASE AF/IHEE T2 447t EF wETE
2E 228 HAA TASFET240+14 ~ 339+£19 pg AL, o5 EUE
ATHE, 23804 L FHIFTL o EA AAEJTT Basgn
O9 4% 2F9] WEIERAA 24E 9% 7 FFAg §

dold FH R WE EF HEPIREYE TEE HAFs AoR, WETIE

QL
2
tlo o
£
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FAFH TEelE 19, Wezae] Azgsel ostel foi% B

Aol 8 HelFQth AT, 7 Ael P FEI o) BE WF FE 2
Aol UepdA @tA W, FHlzol wsHTel vt sxHo 33
FolAE Aom Uehh A@Fe 2ATE U BUTH, e 8ol

Aol wape] b e BAT 5 oS Ao wpuHt,

S
olr

L

ol N

6.00 -+
Treatment effect : P=0.0007
Pregnancy status effect : P=0 4745 i

500 - Treatment = Pregnancy status 470 -
%ﬂ interaction : P=0.910]
g

~ 400 4

% 320
*g' 2.81
4 300 -
o
1]
A0
[ax] 4
E 2.00
o] 0.79
= 0.74

1.00 -

0.00

NP F NP F NP P
CON HF-coated BC Cross-linked BC
Treatments

Fig 4. Plasma beta-carotene concentration (mg/L) depending on pregnancy
status of Hanwoo cows fed rations with or without beta-carotene supplements
; CON = no supplements ; HF-coated BC = hydrogenated fat coated
beta-carotene; Cross-linked BC = cross-linked beadlet based beta-carotene ;
NP : non-pregnancy; P : pregnancy.
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BATE | AgLTRA | e BAEE BHATL
TYA 7 2019 AF713E 2018-2019 of 4k 20,0007

AFIHAY |4 VR BEE AT

ARHAY BEVSEHE A2l GE E4 222 AR W B4

ATUY Y

S X % A g A7

AFAAA | SAATL | Aol AFJT 22 9 53
AoaTF 2 Qb A 753

FolA1Y 2 AE AFY =

FolA7Y 2 o ghet 2

oAz 2 o) HE ’

FolALY 2 SRE AFYT A=
[. 9753

=4 €88 W gagessE A2 €848 U rAETR 2 SAHEA =2
X 9FS AR, WERR =Y HolHE o]g3ste] A A3 mAET

II.

ATH7E 2 Je3F

A SAAIE ol BEol T2 m|Ast Alg, A4St yWAREE, AU 1
AE Fol A o] v F mA=el sl FelEHA EAY ek (Williams and
Evans, 198D 3+ <2lg]e] A7) AAol| ofsf Fujj=o] AT A Ut
°o}H o] F WUJAEZAEE VFA <4ZRY Aw a@3laA SFEH dsh A=
7 NH; S3HsieE 59 dAatiAb el =42o] thsE3 o|th(Schaefer, 1977; Le et
al., 2005)

3, £88 U uAETo] dux Yoz wEEstEe] ofd gl S o] 83}
= AT SAHAA 41 4ol ®ol AdEtar ®ae vk Qloh(leid and Hillman,
1999; Sutton et al., 1999)

AT MEAE ATE 53 54 A0 SAsks nAETHE B4 4
om 7]&9] culture based bacteria count o2& Qi 4= QiAW Wt &
7hFs vAE B ot} tiE mAAET Y £40] 7hssith

20199@2dzh) AT E 1AAE F7F Agoez AREE, A dag
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FeE AP wE AEA SEE vAETY @ A BdE BAEL
%ﬁ%—’?ﬁ}%a ﬂﬂﬂ HISEA 288 U WAE 23RS FEA B2 mH|
= Z

SAdTE AEA Y E olgsen AdE
2019 24ollA 4€o] A 23] ATt TaEFIER Hx A7 YR
2 Z=T5 EZst 2%, 5%= A 2353l
: gig 2, 8d 29e 44 0.1%, 0.2%
Agstden 33 syt ARA7IPE €=y vdeTy R SAdAEE
< 247 sl AE 15 F, 3F Fol A5E AFsAeH AADR AMNEe
HY

=
Al

Ao A3} A7R] -70C o)

2.

<dg PAETE B4e NGS ananlysiss  AAstH o™ 16s rRNA
region(V3-V4)S o] &3}ttt MiSeq raw datax= sequencinge] €4&5¥d
MCS(MiSeq Control Software v2.2)¢} bcl2fastq(vl.8.49)S AF&3le] FASTQ 3
S A3, BWAE T3 PhiX AEE&E AASGEE 2 AEE=E FEE
paired-end data= FLASH(1.2.1D)E AF&3le] 120-160bp7F HXIHA 4oz}
°F 440-465bp?] nEAHS A ERbEs FHUES SiATh Aol AL
CD-HIT-EST7|%+¢e] OTU #A=z=278¢l CD-HIT-OTUZ ©]-&3le sequencing
error2 FFEE & FZo A4, AmbiguousAE, chimeraxdd &2 A7
g F, 9% o1 AE FAMEE e 419718 clusteringste] F4Ee
OTUE #dAstAth 7+ OTUY thsEA €Y Reference DBINCBI 16S Microbial)oll
BALSTN(v2.4.0)& 335t, Aol 7Hd &S subject® organism AHE=E
taxonomic assignmentE FFtAT $1¢ OTU HE=Z QIME(VL.8)<S o] &3t
of, &g FAETR HwEAS TSR AR W HAETR Y F
godA 2 F5E2 F23tr] 98, Shannon Indexe} Inversed Simpson Index
£ T38hal, Rarefaction curve®} Chaoldts 3l alpha diversity AR E &<l
st o™ PCoAE &3l MEALClY FARAE Azstatddth.



A0S TG e AT
1 e3ES AEd & &8y pHE pH meter® A3 o 23 A
B4 % BX& GC-MS, g2 Yol Gastecg o] &3} =434t}
V. 23 4 3%
1. T2 AE 7t ALE A=A S v A= I
Table 1. ¥&&slE g & &g pH A3}
Chic(%) RS(%)
Control
2 5 2 5
4-1W 8.20 4.62 4.08 7.17 5.27
4-3W 8.99 6.23 4.03 7.72 6.26
¥ Chic: X|A¥E] &, RS: BIZEL, 1W: AP 15 &, 3W: A 33+ &
Table 2. HE&F3E A2 & ZAHAEZ & =(unit:ppbv)
Control Chic2 Chic RS2 RS5
4-1w  4-3w  4-1w 4-3w 4-1w 4-3w 4-1w 4-3w 4-1w 4-3w
Acetic acid 0.40 2.35 61.60 0.06 164.10  75.36 16.70 16.06 46.65 0.88
Propionic acid 0.00 11.23 14885 26.26 24250 198.21 71.06 33.09  145.09 5.21
IsoButyric acid  0.19  0.00  6.03 071 1942 827 3.2 1.88 6.02  0.18
n-Butyric acid  0.40 128 89.78  3.18 21042 11505 3317 1480 69.12  0.83
isovaleric acid 0.00 0.00 375  0.00 1259  6.98 196 084 412 012
Valeric acid 0.00 0.66 4272 465 107.24 6567 1662  9.03 4104 021
Phenol 6.09 3.09 12.12 10.34 12.98 21.05 10.92 8.30 12.65 5.82
p-Cresol 0.00 0.16 3.92 3.76 5.59 5.87 1.83 2.89 3.66 1.38
Indole 000 000 000 012 000 005 000 000 000 0.0
skatole 033 011 0.0 186 022 116 0.34 132 034 013
NHs(ppm) 46 66 0 0 0 0 13 28 0 0
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Table 3. Pyrosequencing 23} {9F

=]
R

S|
ax

Diversity index

Samples No. of OTUs  Chaol Inverse Good's
eads Shannon Simpson Coverage
4.1W.Control 33,052 256 340.000 3.079 0.627 0.998
4.1W.Chic2 37,704 208 257.789 3.871 0.844 0.999
4.1W.Chic5 32,343 203 242.808 3.377 0.789 0.999
4.1W.RS2 35,289 192 282.053 1.912 0.432 0.998
4.1W.RS5 34,735 210 247.625 3.518 0.714 0.999
4.3w.Control 33,874 271 322.042 4.504 0.903 0.999
4.3w.Chic2 29,342 109 172.000 3.771 0.896 0.999
4.3w.Chicb 31,155 166 222.000 2.900 0.779 0.998
4.3w.RS2 35,878 336 377.778 5.630 0.954 0.999
4.3w.RS5 36,907 193 243.647 4.480 0.915 0.999
<97% sequence similarity cut-off>
Table 4. Phylum =& 9] <28 W ST F &%
C Chic2 Chicb RS2 RS5
Phylum 4.1W  4.3W 41w 4.3W 4.1W 4.3W 4.1W 4.3W 4.1W 4.3W
Bacteroidetes  15.8% 59.0% 39.8%  33.6% 46.3% 20.7% 185% 27.3% 65.8%  55.2%
Firmicutes 173% 11.8% 54.1% 15.7% 38.0% 47.3% 4.4% 159% 31.7%  28.8%
Proteobacteria 65.6% 23.4%  5.5% 50.6% 15.0% 31.7% 76.5% 24.2% 1.9% 14.5%
Spirochaetes 02% 03%  0.3% 0.0% 0.4% 0.1% 0.1% 4.7% 0.1% 0.1%
Synergistetes  0.5% 3.0%  0.0% 0.0% 0.0% 0.0% 0.0% 3.7% 0.0% 0.0%
Tenericutes 0.0% 01% 0.0% 0.0% 0.0% 0.0% 0.0% 0.5% 0.0% 0.0%
Actinobacteria  01% 0.2%  0.2% 0.1% 0.1% 0.1% 0.1% 0.0% 0.4% 0.2%
unknown 04% 21% 0.1% 0.1% 0.1% 0.1% 0.4% 18.8%  0.1% 1.2%
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2. daetrslE A7t B A=A S8 vxe 9
Table 5. H&&3tE A2 & &g pH A}
Chic(%) RS(%)
Control 5 5 5 5
5-1W 7.59 5.23 4.22 6.39 5.73
5-3W 8.91 6.14 4.74 7.69 6.65

Table 6. T E&T3= Ay & F4AHAANEZ F=(unit:ppbv)

Control chic2 chicb RS2 RS5

5-1w  5-3w  5-1w 5-3w 5-1w 5-3w 5-1w 5-3w 5-1w 5-3w

Acetic acid 0.77  0.56 1.75 1.04 66.42 6.94 43.72 113 36.02 1591
Propionic acid 3.04 440 9792 1428 120.34 75.87 7141  20.99 100.88 28.47
IsoButyric acid 0.00  1.55 6.83 5.21 2174 20.02 4.68 3.52 8.08 4.27
n-Butyric acid 527 0.74 179.74 27.72 306.23 169.20 110.69 35.66 145.06  49.33
isovaleric acid  0.16  1.02 4.90 4.62 14.39 6.81 3.04 2.26 4.77 3.37
Valeric acid 146 174  13.22 1.02 48.48  39.29 1244 4.32 2211  10.23

Phenol 16.44  1.19 9.77 5.35 8.24 6.10 10.98 2.94 11.83 8.81
p-Cresol 6.78  0.00 5.19 4.73 3.11 3.51 4.13 0.88 4.76 9.02
Indole 0.47  0.00 0.24 0.00 0.01 0.00 0.18 0.06 0.13 0.31
skatole 453 112 2.73 2.05 0.71 113 0.87 2.19 0.63 4.35
NH;(ppm) 27 70 0 0 0 0 1 40 0 1.2

D dagrstE Ay & 98 W rAETH 24
Table 7. Pyrosequencing A3 £ <F

Diversity index

No. of Good’s
Samples reads OTUs  Chaol Shannon Inverse Coverage

Simpson 8
5.1W.Control 42,719 226 249.903 3.447 0.790 0.999
5.1W.Chic2 37,988 200 221.136 3.612 0.808 0.999
5.1W.Chic5 24,223 193 229.120 3.448 0.788 0.998
5.1W.RS2 36,946 228 261.000 3.839 0.866 0.999
5.1W.RS5 43,411 252 285.000 4.383 0.901 0.999
5.3w.Control 23,269 234 245.700 4.972 0.933 0.999
5.3w.Chic2 37,934 149 164.615 3.535 0.868 0.999
5.3w.Chich 32,747 158 203.120 1.969 0.495 0.999
5.3w.RS2 32,489 244 277.176 4.071 0.823 0.999
5.3W.RS5 56,729 189 206.103 3.148 0.798 0.999

<97% sequence similarity cut-off>
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Table 8. Phylum &AM 9] <28 W PdE=F &%

C Chic2 Chicb RS2 RS5
Phylum 51W  53W 51w  53W 51W  53W 51W 53W 51W  53W
Bacteroidetes 30.7% 40.9% 56.0% 435% 253% 71% 43.3% 30.3% 59.6% 44.5%
Firmicutes 43% 16.3% 29.6% 16.6% 31.6% 22.1% 11.2% 12.1% 354% 20.7%
Proteobacteria 61.1% 29.8% 14.2% 39.6% 42.8% 70.6% 452% 52.9% 4.6% 34.3%
Spirochaetes 19% 05% 00% 0.0% 00% 00% 00% 03% 00% 0.0%
Synergistetes 0.1% 95% 0.0% 00% 0.0% 00% 0.0% 26% 0.0% 0.0%
Tenericutes 00% 00% 00% 00% 00% 00% 00% 0.0% 0.0% 0.0%
Actinobacteria 0.0% 02% 01% 02% 01% 02% 0.0% 01% 03% 0.1%
unknown 19% 28% 01% 01% 01% 00% 02% 17% 01% 0.4%
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ALHE 2 FH A=A sl AAGRY 2 Hd 222%, 5% A E
g A3 A 15 A= dizTol Hls] AEl79 pHe Z4astdi X373
Aojd4=2 &£8g pHe 718k ey Chic 5% e 15419} W8 pHE
A3t

AL&H &g daerslES A 43 SAANEE F VFAse seER
£ 152l A AglTolA 71tk AES HEWRA dka 27158 Chict% A
TollA 33% 7FATE BAHO A9 VFAsE 1314 Aol Zrketdar )
ERE fastke AYS BAth A5 27HEe BT AR TN faske Al
2 YRt NHee Aed 9 53 S8gdA tiEz79F RS2% A el Fol A%t A
=5 Ak

FeE] s WERAE B4 An A e ALd FeE il W 214F
o HAE OTUs7F 1= em™ phylum FFollA thz7-9F RS2% A 270l A
Proteobacteria7t $-Ast93L UM A| A elFol\ A= Firmicutes, Bacteroigetes?} -
itk B E¥Eels H 207F vAE OTUs7F EIEAL dizTol Hls|
28 TN A Proteobacteria7y 7323V4Ty. Firmicutes= 2E @ TollA =713+
il Bacterolgetess= izl Hl&l chic 5% Ae|T-llA s, U= Aol =
7kl s Bt



3. dmerstE APt HISEA €= VAl 9F

Table 9. TEE 3= 28 § <22 pH W3}

Control Chic(%) RS(%)
0.1 0.2 0.1 0.2
1Y 7.59 7.50 7.34 7.62 7.53
3W 8.30 8.30 8.28 8.26 8.22
# Chic: A7 28] £, RS BEEE, 1IW: A9 15 &, 3W: A2 35+ &

Table 10. HatF3lE A2 F Z4bdAI &2 5 =(unit:ppbv)
Control Chic0.1 Chic0.2 RS0.1 RS0.2
1w 3W 1w 3w 1w 3W 1w 3W 1w 3w
Phenol 12.66 1.20 12.00 0.97 11.56 1.18 11.64 0.16 7.41 0.48

p-Cresol 15.91 3.51 16.65 4.20 17.79 5.16 14.16 0.75 11.63 0.91
Indole 0.23 0.12 0.28 0.19 0.26 0.22 0.26 0.04 0.18 0.05
skatole 3.14 2.04 3.56 2.38 3.75 2.60 3.38 0.80 2.78 0.81

Phenols 28.57 4.71 28.65 5.17 29.35 6.35 25.80 0.90 19.04 1.39
Indoles 3.37 2.16 3.84 2.57 4.00 2.82 3.65 0.84 2.96 0.86

NHs(ppm) 1220 1340 1213 1560 111.3  150.0 1103 1273 1163  124.0

D 2adssE A F edel U sy 24

Table 11. Pyrosequencing A3 8 <F

Diversity Index

Sample  No. of Good’s
OTUs Chaol Inverse
Name reads Shannon ) Coverage
Simpson
Control 36,222 437 484.348 5.136 0.904 0.998
Chic0.2 36,530 450 538.023 5.532 0.946 0.997
RS0.1 33,736 420 491.203 5.215 0.906 0.997
RS0.2 35,377 427 481.275 5.227 0.915 0.998

<97% sequence similarity cut-off>
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Table 12. Phylum &0l 9] &#8 W vAEFLH EX

Control Chic0.2 RSO.1 RS0.2
Proteobacteria 39.07% 22.94% 30.66% 31.14%
Firmicutes 11.76% 13.47% 11.15% 10.04%
Bacteroidetes 22.06% 29.53% 26.01% 24.11%
Spirochaetes 6.76% 12.18% 8.76% 10.76%
Synergistetes 1.36% 0.38% 0.12% 0.11%
Tenericutes 0.84% 1.23% 0.97% 1.15%
Fibrobacteres 0.08% 0.07% 0.12% 0.14%
Lentisphaerae 0.07% 0.08% 0.09% 0.13%
Planctomycetes 0.05% 0.03% 0.03% 0.03%
Unknown 17.88% 20.02% 22.03% 22.30%
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HlSE=AF €8 go A7y 293 3138 295 4 01%, 02% A=
b 498 W AT SAEA 229 H3tE glstazt 199 8910
Holl 2A 33 A AT

dasgssts A 15 & oix7 €d¥d pHe 7.59%°ew AHyTe
7.34~7.62% Y23 A3FS YEF ST

Aa '@striA SEE(VFAs)S 279 A FodA B5F AESHA &Sk
o™ VOCs & Hl=fe thExTol H& RAAZL 0.1% A2 FolA 9.7%, "
AR 0.2% AgTolA 334% AR JAEFe T vs) sl
0.2% A F-ollA 12.1% 74 Ao = Yeyth ¢tRyole] A9 tix+-9 vl
Je o XA EE 0.2% AZTFolA 8.7% Ha, HE Y 0.1%, 0.2%
i%ﬂ?oﬂﬁ 7t 4.6%, 9.6% Z+25 At}

EAF £8Pl HA R 2 0.2%, HIAED 0.1%, 02% A7 F v

"«Eg UﬂE‘rZ]%% A% A3 dz2FoA 437F e OTUs7} 1=l en %
A ] BT A FolA 450%F OTUs, HlZ B¢ A oA 420~427F
OTUs7} &<l daekrsE Agd wE £ g :;;1]-?_]@_ A}
(Shannon index) thz~tol Hla} XA e &L A FoNA PAEST TGF
o] F7lste AFS Bt

H S =4 288 U mAAEEHE phylum 20X Proteobacteria 39.07%,
Bacteroidetes 22.06%, Firmicutes 11.76% S22 $H-3F oM ol A=A &

He W st e ST FARE "ol v ofF BEA|



A o4& unkonwn WA BTl tlET 2 A TFolA 17.88%-22.30%2] m%
T e Aoz Yehd old tid F7t ARFR B BAe] ad A
o2 1t

DaerstE A & rAETFH WHIE 2AS Ay tixFd BlE)
Proteobacteria,  Synergistetes=  7¥A3tN S Bacteroidetes,  Spirochaetes,
Tenericutes, ~ Fibrobacteres, Unknowne Z7}st=  7A%¢eS  HYth 3
Firmicutes®] 73-5- szl Bls) AAYHY £2 0.2% A2 ToA 15% F7F
stRlou Bl E2 0.2% A TolA 14.6% Hastes A= YEET

. A8

B AFoAME = Ul SAEA AdS el WA 25 88%
nAETH AR YT ES o&sidth. €88 W nAETHS &
aetrslE Ael A Proteobacteria, Bacteroidetes, Firmicutes =22 %%
Fou Al 3ol= Firmicutes, Bacteroidetes, Proteobacteria <°.2 3%
7F @ AE AS gdstianh B AP AEH ﬂﬂﬂ“‘i Lkl S st
Ruke Ag Sz we A=A B SEA 2elE) Y HUNEL F A
F, dEYold dis) A 237 e ASE YEst

.{

grslE 2 A Agss Al

g Aol & vAE WERA|E 1°1E1E %%O}Cﬂ %’&%*ﬂ =23 1

AETF I AAAA ] it A £52 Q0 Reference ZALE AAIE Al Folt,
3t Y HAFES o83l AHsH 15 o] &71A7F & HaEsE
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+ FAAEY A FA A FHAF 9 (quantitative trait loci, QTLE 7]
Hlog 3ta 9on, 7= A vbe 34w =84 Marker-assisted
selection, MAS)¥} 4] Al (genomic selsection, GS) F+ 7IAE Y& = <
o F U 2T bEY A9 34 1 du98Es wele AR A7t 7
z7} "t
*H-FABP, MC4R, LEPR, FTO A= s&ANA BRG] ol &3 &
of A thAatel oA Ao FAst, HA M= AF, SAEFA,
WA & 5424 2 AAFAA dHEo] At BHiEo] U
* HAABP: WA, AN 53 A, MCIR - 935A Y, I0kg=2d 3, AL+ 534 d¢
LEPR : YA, d3ZA % S A, FTO : VIF(visible intermuscular fat) 53 €%

m. s34+
1 AEgA
D Add= F4dT4a
2) AUy sAMEAEgs FANEEH FEFALYA

1=
AAFLANAM AEF] FEH HIA &5 AHE H
52 57 118%F, 9FA 14352 & 42259 Y
A A4 A&t DNA F<5 WS

A%, AAAZ, 2%, EAZ, EASALTAZ 5 67)
o WA 2] ASAAT. SAATE AL] GOl AT, ol FATE
25-28907 ol E AAB, ANAFES o 02, FRAFLS o 18020
=Rtk 2AZY SASATAL 258 Ao sFuy Anz 2

O

shAth Aol AR A AEEEY Hed EHUAE Table 13 2004
Al A 5 AT
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Table 1. Mean and standard deviation of growth traits in boars.

Traits Numbers Mean Steavril:ggi
Birth weight(kg) 208 1.57 0.30
Weaning weight(kg) 208 8.52 1.63
Initial weight(kg) 208 23.35 3.99
Final weight(kg) 208 116.86 12.53
Carcass weight(kg) 208 88.45 10.01
Carcass backfat thickness(mm) 208 17.62 5.40
Table 2. Mean and standard deviation of growth traits in gilts.
Traits Numbers Mean Sg?gggi
Birth weight(kg) 214 1.50 0.27
Weaning weight(kg) 214 8.12 1.87
Initial weight(kg) 214 23.21 4.17
Final weight(kg) 214 113.91 13.87
Carcass weight(kg) 214 88.00 11.11
Carcass backfat thickness(mm) 214 22.93 2.71

4. PCR(DNA %)

PCR Wh-g<} zXA 2 Genomic DNA 1ul, 10 x buffer 2.5ul, dNTP 1.5ul, 10p
mol forward primer 1lul, 10p mol reverse primer 1ul, Taq DNA polymerase
0.1ul, DW 179uE H7}3t] F wrSHo] 25uF k¥t PCR =4d&
94° ColA 5%7F denaturation, 35cycle® 94° C 30%, Table 39| W& 2z}
A2 annealing =4 30%, 72° C 1&3F extensionS WHE =3 & n}
Zato g 72° CollA 1087t HF extension ¥4 S 43315}
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7]501] BRyHE =& #F33te] GenBankell A4 primer sequenceE <l
% Table 33 % Z} primerS 2 #3930 th PCR product 3ul, Table 42
ZF FRAAE A S 2ul, 10 x buffer 0.6ul, DW 2.2u & €Yo & Wk-g
] 6ulo] F== ‘6}9511:}. 37° C(Hinfl, Mapl|Haelll) =& 65° C(Taq], Tai)
24 A overnight & 3% metaphore} 1% agaroseE % 713+ gelol A Z
B AN T FHAE S AASAH
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Table 3. PCR primers and conditions.

PCR . Annealing
Forward and reverse Restriction
Gene _ product temp. Reference
primers (5> —3” ) i enzyme
size(bp) (T)
TACCCTGACCATCTTGATTG Kim et al,
MC4R 226 Tadl 56°C
ATAGCAACAGATGATCTCTTTG 1999
GGACCCAAGATGCCTACGCCG .
693 Hinfl
H- CTGCATCTTTGACCAAGAGG ST Chen et
FABP ATTGCTTCGGTGTGTTTGAG 816 Mapl| al, 2014
TCAGGAATGGGAGTTATTGG Haelll
CCACTAAAAAAGAGAGGAATATCACGCTG Hirose ef
LEFR ATGGCAGAGTCCAGAAATGACT | ApKT 1 STC o
ACAGGCCCTGAAGAGGAAAG Fontanesi et
FT0 397 Tal 60C
AGTAACCTGGAGTTCCTGTGG al, 2008
6. EA EA

SAS package(version 9.4)& °]&3t UREAFHEFHGLMEA sttt F4
A Wolet FFol AUt 7ol FA Sl ol ﬁi T A2 HIEE
ztolo] gk o] A w4 3

Yi=i+(MB)i + e

vi= el 4, i = AA W, MBI = A Wolsh EF , e= o] 27
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V. 2% 9 3%
L Ad= A5 +3(2018)
D 189 249 A4 =HA A F7 AE, olF o A 13] A F 958F
2) DNA(Genomic DNA) & ¥ 7|92 2 =% DNA <l
3) AR AR MAYH-FABP, MCAR, LEPR, FTO) 9@ Zgho|v] |2
4) PCR-RFLP ®WHHo =g 2z} HA9 FHAAE ZAAFgure 1 ~ 5 AFdZ27
LEPR A4 A% A 74 sFHFsIA E4 AH&stA &)

p

683bn
SIE
< 339bp el 405bp
- 231bp 278bo
< L72bp

< 98bp L17bp

Figure 1. PCR-RFLP Figure 2. PCR-RFLP Figure 3. PCR-RFLP
electrophoretic patterns of the electrophoretic patterns of the electrophoretic patterns of the
porcine H-FABP I(Hinfl). The porcine H-FABP lI(Mspl). The porcine H-FABP NI(Hadll).
genotypes are indicated at the genotypes are indicated at the The genotypes are indicated

top of each lane top of each lane at the top of each lane

33%bp
231bp
< 226bp

- 1'
36bp . 98bp

< 70bp

Figure 4. PCR-RFLP Figure 5. PCR-RFLP
electrophoretic patterns of the electrophoretic patterns of the
porcine MC4R(Tag). The porcine F7((Tai) The
genotypes are indicated at the genotypes are indicated at the
top of each lane top of each lane
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2. 2019 A+ <33 A
1) PCR-RFLP & A3 A W&, 23 Q=(Table 4, 5)

Table 4. Gene and Genotype frequencies of each markers in boars.

Gene breed no Gene frequencies Genotype frequencies
H h HH Hh hh
H-FABP [ Berkshire 90 0.11 0.89 0.02 0.17 0.81
Duroc 118 0.91 0.09 0.83 0.15 0.02
D d DD Dd ad
H-FABP I Berkshire 90  0.82 0.18 0.66 0.32 0.02
Duroc 118 0.42 0.58 0.13 0.59 0.28
A a AA Aa aa
H-HABP [l Berkshire 90  0.82 0.18 0.66 0.32 0.02
Duroc 118  0.44 0.56 0.13 0.62 0.25
A G AA AG GG
MC4R Berkshire 90  0.87 0.13 0.76 0.22 0.02
Duroc 118 0.36 0.64 0.14 0.45 0.42
G T GG T
FT0 Berkshire 9  0.99 0.01 0.99 0.01
Duroc 118 0.30 0.70 0.30 0.70

Table 5. Gene and Genotype frequencies of each markers in gilts.

Gene breed no Gene frequencies Genotype frequencies
7 7 H ah h
Berkshire 71 0.09 0.01 =018 0.8
HFABP T "hiroc 143 0.96 0.04 0.92 008  0.00
D d DD Dd dd
Berkshire 71 0.84 0.16 073 021  0.06
HEFABP T "o 143 033 0.67 006 054 041
A a AA Aa aa
Berkshire 71  0.84 0.16 073 021  0.06
HEHABP T ) roe 143 0.33 0.67 006 053 041
4 G A4 AG GG
Berkshire 71  0.83 0.17 066 034 -
MCAR Duroc 143 0.29 0.71 008 041  0.50
G T co IT
Berkshire 71 1.00 - 1.00 -
FTO Duroc 143 0.33 0.67 0.33  0.67
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2) PCR-RFLP A& Az}
H-FABP1 #7337t Wole 3 MaMFe] AAAT, ZATAAM #93
A = AAJeH(P.05), TEATH EAFTAA FF T o]
T AT =7 4A ‘ﬂﬂfﬁé«l AAAZ, olwAFoAM 24
1(p<0.05), AT ZAFTAAN FF L AolE
U E‘r(p<0.05). F= P%«l T4 AdEs HIFHR] AT
2 LIRnA-UEES UH, Zﬂ WM Fol hh F5Fo Hi/hh
ol 7V FAR AT B hh &3
75”%“’1 AT 53 2 WA =AS
FT= HAHp<0.05).(Table 6, 7)
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Table 6. Associations between H-FBAP 1 and growth traits in pigs(boar).

H-FABP 1
) Berkshire Duroc
Trait
Mean #= SE Mean *+ SE

HH2)  HK15)  AKT73) HH98)  HK18)  hK?2)

Birth 1.93? 1.6% 1.48° 1.592 1.712 1.70%
weight(kg) +0.21 +0.08 +0.03 +0.03 +0.07 +£0.21

Weaning 6.70 8.41 8.56 8.49 8.83 8.18
weight(kg) +1.16 +0.42 +0.19 +0.17 +0.39 +£1.16
Initial 18.85 23.09 23.83 23.31 22.66 20.30
weight(kg) +2.82 +1.03 +0.47 +0.4 +0.94 +£2.82
Final 97.50° 111.87° 113.07° 119.96% 121.28% 120
weight(kg) +8.47 +3.09 +14 +1.21 +282 +£8.47
Carcass 71.50°  83.13  86.04° 90.6% 92.28%  93.0%
weight(kg) +6.78 +247 £1.12 +0.97 +2.26 +6.78

Carcass backfat 16.50 17.33 17.52 17.96 16.61 17.0

thickness(mm) +386 141 +0.64 +0.55 £129 +3.86
Values with different superscripts in the same row are significantly different(P<0.05)
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Table 7. Associations between H-FABP 1 and growth traits in pigs(gilt).

H-FABP 1 genotype

) Berkshire Duroc
Trait
Mean *+ SE Mean + SE

HHK13) hi58) HH131) HHK12)

Birth 1.55? 1.37° 1.56% 1.49%
weight(kg) +0.07 +0.03 +0.02 +0.08
Weaning 9.21? 7.98P 8.07% 8.052°
weight(kg) +0.52 +0.24 +0.16 +0.54

Initial 24.33 22.36 23.49 23.05

weight(kg) +1.16 +0.55 +0.36 +1.2
Final 110.312° 107.69° 116.45? 120.172
weight(kg) +3.7 +1.75 +1.16 +3.85
Carcass 84.46"° 83.57¢ 89.85% 93.172

weight(kg) +2.98 +1.41 +0.94 +3.1

Carcass backfat 21.0 22.12 23.56 22.0
thickness(mm) +1.58 +0.75 +0.5 +1.64

Values with different superscripts in the same row are significantly different(P<0.05)

H-FABP I, Il #1722 WMasZFe] AAAT, 345, =405 A
A O111(p<005) FEZAM= BAATAA
AJTHPL0.05). FEATAAE FF T 2olE @

28 AT = AH WA FY 7H/\lxﬂ%, SASAGFANA FolF
A Aol BAE & AAILP<0.05), ‘ﬁ‘ FoAMs =ATAGFAANA F
Al zpol& AT F JoH(p0.05), TEA T =X FAA FF T Ao
E 2dg = Ao HAFAHS ZEXﬂvﬂr EAFAME A4 HAHFTS

AZE Bolw DD 59 —
T WA EAFAAAM  d7t #9s e fFede JERAH
(p<0.05).(Table 8, 9)
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Table 8. Associations between H-FBAP I, H-FABP Il and growth traits in pigs(boar).
H-FABP 1, H-FABP 1ll genotype

Trait Berkshire Duroc
Mean + SE Mean = SE

DIX59) Dd29) ad?2) DIX15) Dd70) ad30)
Birth 1.49° 1.52° 1.9 1.61® 1.66° 1.51°
weight(kg) +0.04 +0.05 +0.21 +0.08 +0.04 +0.05
Weaning 8.26% 8.942 8.93 8.40°%° 8.79% 8.05
weight(kg) +0.21 +0.3 +1.14 +0.42 +0.19 +0.28
Initial 22.93° 25.19% 20.18® 23.76° 23.36" 22.47°
weight(kg) +0.51 +0.73 +2.79 +1.02 +0.47 +0.69
Final 113.36° 112.38" 90.0¢ 120.607 120.79% 118.642
weight(kg) +154 +2.2 +8.38 +3.06 +1.42 +2.06
Carcass 85.66° 85.79 64.5° 9107 91.507 89.55%
weight(kg) +1.23 +1.76 +6.7 +2.45 +1.13 +1.65
Carcass backfat 16.85 19.03 13.0 18.87 17.39 17.97
thickness(mm) +0.7 +1 +3.81 +1.39 +0.64 +0.94

Values with different superscripts in the same row are significantly different(P<0.05)

Table 9. Associations between H-FABP I, H-FABP Il and growth traits in pigs(gilt).
H-FABP 1, H-FABP 1ll genotype

Trait Berkshire Duroc
Mean + SE Mean + SE

DI52) Dd15) ad4) DI8) Dd77) ad58)

Birth 1.37° 1.5%® 1.58% 1.57° 1.542 1.572
weight(kg) +0.04 +0.07 +0.13 +0.09 +0.03 +0.03

Weaning 7.97 8.8 8.97 7.7 8.05 8.15
weight(kg) +0.26 +0.48 +0.94 +0.66 +0.21 +0.25
Initial 22.08 24.842 23.21% 24,62 23.2% 23.62%
weight(kg) +0.58 +1.07 +2.07 +1.47 +0.47 +0.54
Final 108.83* 10653  105.75° 124.25¢ 11514  117.88
weight(kg) +1.84 +3.43 +6.64 +4.7 +151 +1.74
Carcass 84.19™ 83.33° 79.25¢ 96.07 89.12%* 90.66%
weight(kg) +1.49 +2.77 +5.36 +3.79 +1.22 +141
Carcass backfat 21.75° 22.6° 21.5%® 22.882 22.26" 25.05°
thickness(mm) +0.78 +1.45 +2.81 +1.99 +0.64 +0.74

Values with different superscripts in the same row are significantly different(P<0.05)
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MCIR A= 2 HAMFTY BAAS, AAAlS, FE2AT, =44
A el Apols AT AN (p<0.05), FEFAAE 5‘221]?,
As, 2ASARFANA T2 2ol THD = AATHP0.05). =AF
AMes #F 1 AelE BEE + 2 0;11:} £ A 7EFY =ASANT
AlA FelAd AolE BHE = AAUTHP0.05). HFZH A FHATANA
TR MAM e} FEo] BF GG A HAME A4, A FELS GG 1A
ol FRATAA 7HE FAR ATS EAT A HAAs FFEE ARt

. = % H‘-:'ﬂ.
8 A7} ok F71H9 ddo] WAy Ao GiRth g MANE
@M 60 FRAT TS AF =
2o 2AZNN CORAAT A T

47 ©
-
)

Table 10. Associations between MC4R and growth traits in pigs(boar).

MC4R genotype

) Berkshire Duroc
Trait
Mean *+ SE Mean *+ SE

AA6Y) AG20) G&2) AA(6) AG53) G(x49)

Birth 1.50P 1.542 1.572 1.682 1.62 1.62
weight(kg) +0.04 +0.07 +0.21 +0.07 +0.04 +0.04

Weaning 8.64 8.04 8.23 8.42 8.37 8.75
weight(kg) +0.2 +0.37 +1.16 +0.41 +0.22 +0.23
Initial 24.18? 21.49° 24,722 22,88 22.76% 23.68?
weight(kg) +0.48 +0.88 +2.79 +0.99 +0.54 +0.56
Final 114.25° 105.85°¢ 120.5%* 116.94% 118.3° 123.222
weight(kg) +1.41 +2.61 +8.25 +2.92 +1.6 +1.67
Carcass 86.47° 80.95°¢ 86.02¢ 87.44° 89.872 93.142
weight(kg) +1.15 +2.12 +6.7 +2.37 +1.3 +1.35
Carcass backfat 17.692 16.90% 15.50 14.06° 17.38% 19.33?
thickness(mm) +0.64 +1.19 +3.75 +1.33 +0.73 +0.76

Values with different superscripts in the same row are significantly different(P<0.05)
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Table 11. Associations between MC4R and growth traits in pigs(gilt).

MC4R genotype

) Berkshire Duroc
Trait
Mean *+ SE Mean *+ SE

AA4T) AG24) AA2) AA59) GAX72)

Birth 1.41° 1.4°+ 1.682 1.542 1.542
weight(kg) +0.04 0.05 +0.08 +0.03 +0.03
Weaning 8.5% 7.62¢+ 9.08? 7.95 8.01%
weight(kg) +0.27 0.38 +0.53 +0.24 +0.22

[nitial 23.34% 21.52°+ 25.42 22.99% 23.52
weight(kg) +0.6 0.84 +1.19 +0.54 +0.49
Final 108.26"° 108+ 116.83%¢ 114.442 118.65%
weight(kg) +1.94 2.71 +3.84 +1.73 +1.57
Carcass 83.98° 83.25° 88.33% 88.37° 91.86%
weight(kg) +1.56 +2.18 +3.09 +1.39 +1.26
g:é?;i 21.49" 22,750 23.33% 22,270 24,397

. +0.82 +1.15 +1.63 +0.74 +0.67

thickness(mm)

Values with different superscripts in the same row are significantly different(P<0.05)

FIO +38A= 2 MasFe] AAATAA 72210 Aol7h A=

H(p<0.05), FEHF2] olFAFTANA Fo A2 ZolE E = A
g A HA A= FF T Aol A A (Table 12, 13)

tHp<0.05). =

85



20199 % ZARATE A - AFJEIIA

Table 12. Associations between FTO and growth traits in pigs(boar).

FT0 genotype
Trait Berkshire Duroc
Mean + SE Mean + SE
GG(89) TTQ) GG(35) TT8)
. . 150° 2107 157 163
Birth weight(kg) +0.03 +0.29 +0.05 +0.03
o 850° 7.80 7,990 877
Weaning weight(kg) +0.17 +1.62 +0.27 +0.18
L 23,64 22,91 19.40 23.26
Initial weight(kg) +0.42 +0.68 44 +0.44
. . 112.7¢ 97.0° 118.49 120,872
Final weight(kg) +127 +11.95 +2.02 +131
. 85,38 72.0° 89.60°¢ 91.41°
Carcass weight(kg) +1.02 +9.61 +162 +1.06
Carcass backfat 17.43 21.0 16.89 18.10
thickness(mm) +0.57 5.4 +0.92 +0.6

Values with different superscripts in the same row are significantly different(P<0.05)

Table 13. Associations between FTO and growth traits in pigs(gilt).

FTO genotype

Trait Berkshire Duroc
Mean + SE Mean + SE

GAT1) GRAT) 77096)

. . 1.41° 1.55% 1.56°
Birth weight(kg) +0.03 +0,04 +0.03

. . 8.2 7.88 8.16
Weaning weight(kg) 40,22 4097 40.19
Initial weight(kg) _%2(57429 52(59671 5366493
. . 108.17° 117.81% 116.25%
Final weight(kg) +158 +1.94 +1.36
b a a

Carcass weight(kg) ??'1737 311%7 Ejr9.171
Carcass backfat 21.92 23.55+ 23.36
thickness(mm) +0.68 0.83 +0.58

Values with different superscripts in the same row are significantly different(P<0.05)
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S AP fA%E A7

ol Aol 4% FHARH-FABP, MCIR, LEPR, FTO)®) $+37t wp o
3omad T FFe) A4 TAL A%, AR 49YA
AL & YA 53 H-FABP | fAAel o] F23 waM E
o fAAF] AMEHA Ue AT AAEH, o A FF L Fo|7}
2 229t ol4Y ¥¥Y I3 H44 0o Ho4 5L 2
23 Holt.

FoIAE RE A4 mpANA 43P AT fo 1<l

B2 5 A WA 6709 FHA vpARE A 43
%M ALZH & F 8 slole A K 3 HANEH
2 H-FABP 1, H-FABP I, MC4R, FTO A+ hh/DD/GG/GG
x].‘&é% THst AateltiH, ARG o] e Ao = NEFd 4+ 9

FAA HAS o g7 AT HAFI AL AT AAY fH FR
g setg £ Qe F7HHQ A7 Basth med ALHA AFE HA
o fRAS ERY 2 BAE LobR Wask glom, dEol b FH%
WAE HUY 4 Q& SNPchip HolEE £HF B8t Uk FoEE &
AATL AAT AAL Y BAGAR AR FAAE ATF] FE f
ASANFL 9% ASE BEID $5T FES VY £ =S A7
Aol
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g -caroteine® .t} 28] o]/}, «-tocopherol Xt} 10w o]’ 39| dtstsH S
JFA I e Aoz dE A 3t

}11

3. AT A (olHdEE & B§EH Fa)

D A 249 Ax g &8 7le 720174, SAAER)

2) FAEA Hrbe AEE, FA 2344, vEZEgor 234 Sol a3t
Rom tiFA SRR vit E, L-cystein, melatonin, silymarin, curcumin 5°] &

3) gholZAML g sEAZ LDL ALE ASHAA Ue AlZe] #lsls uke,
human, bull 2+ &#o] F7tEATL BuE o), Ao 283 Atel=

S N
BA T

T
L ANd32  ASGESHAT
2. A@7IZE : 20194
3. ATUg 2 P
D FASATE A el v

1) Fets ZREgd Be A3Ye A

B>

&

= e

BN

A EEE skl "7t

(@ FABA A F RE/HE AP g 24}
2) FAEATL AR Aol HAE J
(D F3A7E ZRED 12 FARY Az A =¥ sl F7}

2 &3l F AR W3t 2AL

3) A

(D Ak Hotol W& A4 2 FZ2A-Y G2 &5 44 CASA &4
‘total motility
‘progressive motility
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(D) &= AXAHA AQF, Modena 1:3 314 2 17C 2A1ZF A=A

(2) 34+3kA|(betaine, o -tocopherol, lycopene)S zHzt 3|4 g =¥ 7}

(3) 71rEAY, 3¢, 5¢, 7¥, 10¥) AA 544 CASA £4

2) HA sAAHN A=

(D AXAH 23, Modena 1:3 314 2 17C 24|13+ A

(2) Modena 3|4 H(H<Y £3H) A=+ 1,300rpm 27 10837 YAl & &
_5;]/\-10141 Q_oﬂ oz E_jﬂ

(3) &4kskAl(betaine, « -tocopherol, lycopene)E Z+zb 3]Alollo] AT =4
217}

(@) ol sARA R ~E|2F §71(EF 23 AAS 17C oA 5C7HA
HARHO = b4

(5) 5C FA Z7A FaH2 g Az D AANSFAH] E3Hol| FHEOE 4£2)

- FAAA A HE->AHDARE ) 0 FA N FAA2=1:1:1

(6) 0.5ml straw o] g E-AGX10°7/st) L 7ol 5 A7 ¢} AA A4S o] &3}
o =AAN Az L B

(M 23 8 52AY g3 & &4 53

® 33Xy 1 FA - FAA AD+DWE®B0% v/v), F3(20% v/v),kamamycin

100ug/ml
(9 3 2 FA : 3XA BY+DWEB0% v/Iv), F3H20% v/v),Glycerol8.1% v/v),
Equex-STM(1.6% V/V)

(10) 52 &3 (314 Hle androhep Iml+straw 0.5mDA A} 544 CASA
2
1) 344 AIMV boarciphos A)
2) 3214 BAMV boarciphos B)
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2. 4d2%
Table 1. sHA A/ F2A4A dPd& AT = A AF 183(FA: 183])

o Of AL o At
T T& AMELR | HHHE SEL = SPNES H|

(ml) (%) (10%/ml)
1 ol A 19/4/15 DB39-12 168 80 2.3
2 ol A 19/4/15 DC17-5 189 80 1.3
3 ol A 19/4/22 J97-3 110 90 4.7
4 ol A 19/4/22 DB75-23 192 85 0.7
5 ol A 19/8/19 DB95-17 185 90 1.9
6 U A 19/8/19 DC17-5 212 85 2.8
7 ol A 19/8/19 BA59-13 198 85 1.9
8 H A 19/9/24 BAG8-9 134 90 3.1
9 o A 19/9/24 DB95-17 151 90 2.8
10 ol A 19/9/24 DC10-3 237 90 2.1
11 U A 19/10/11 | BA59-13 245 90 0.9
12 ol A 19/10/11 | DB74-42 58 95 1.0
13 sz 19/5/9 DC10-3 186 85 3.3
14 =2 19/6/5 BA59-13 150 90 0.9
15 52 19/6/5 DC10-3 130 90 2.8
16 =2 19/6/5 DC17-5 170 80 1.9
17 =2 19/11/7 DB95-17 104 90 3.2
18 sz 19/11/7 BA72-11 123 90 2.1

D A Hs248N Ax 9 LA A 49

AN 3l He modenas &8st Ra, sEAFEE T4 AL IMV
Aboll A Az 2w <1 Boarciphos A, B(preservation medium for boar
semen)E A& AT

NG EAR N gikskA s HIbste] CASA 4L stia, o=
2o A3E YER AT
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Table 2. &4+stA] Ao W AAE BB motility HE (29 motility(%)
o . 7] 3t
o Ael e 9% [39% [59% | 79 % | 109 %
control 579 63.0 74.4 544 278
betaine 50mM 456 60.1 57.8 52.8 267
DB39-12 100mM 450 468 56.0 484 245
Iycopene 250uM 440 56.6 754 59.4 249
500uM 512 714 79.4 50.8 218
control 76.9 86.8 88.3 59.0 213
betaine 50mM 58.0 835 88.6 58.1 16.6
DC17-5 100mM 469 73.0 75.8 58.1 16.0
| 250uM 622 875 89.5 623 15.6
ycopene 500uM 56.6 90.7 934 62.6 163
control 925 885 81.2 238 38.1
. 50mM 835 89.5 87.5 452 377
betaine
DB75-23 100mM 68.9 749 83.0 478 307
ttocopherol 100uM 81.0 913 89.8 66.3 343
500uM 69.4 72.9 87.4 441 333
control 83.7 9.5 90.6 38.1 19.7
betaine 50mM 88.1 947 89.0 416 18.6
197-3 100mM 826 75.7 85.7 328 171
ttocopherol 100uM 88.1 95.6 88.9 335 201
500uM 54.6 89.1 87.1 257 207
control 98.3 982 97.7 916 59.2
DB95-17 lveopenc 250uM 97.7 97.0 9.7 937 74.8
yeope 500uM 98.5 97.2 98.1 90.9 76.2
control 97.2 94.6 97.8 80.0 30.7
DC17-5 Iveonene 250uM 98.7 9.7 9.7 88.6 73.2
yeope 500uM 99.1 9.8 98.1 89.9 71.9
control 98.7 98.7 98.8 64.0 444
BA59-13 Iveonene 250uM 99.3 99.0 98.1 74.9 26
yeope 500uM 98.9 98.8 96.9 67.9 456
control 86.5 98.3 98.2 98.1 68.9
BA68-9 lveonene 250uM 97.6 9.1 97.9 98.0 712
ycope 500uM 829 982 98.6 971 70.0
control 80.2 98.1 971 902 67.5
DB95-17 lveopenc 250uM 926 98.2 975 94.6 802
yeope 500uM 85.1 97.7 96.2 %.6 751
control 91.2 93.8 98.0 977 842
DC10-3 | 250uM 985 96.9 97.7 98.4 80.4
ycopene 500uM 953 974 9%.6 974 818
control 98.8 9.8 96.9 51.1 235
BASO-13 | ol | 100uM 98.0 97.7 97.6 56.5 19.1
P 500uM 97.8 98.3 975 59.5 231
control 97.1 959 822 477 270
DB74-42 100uM 93.9 98.0 80.2 487 26
a-tocopherol =505 N 886 90.6 728 386 190
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Table 3. &4kstAl A 2lo] WE NAE AFA N progressive motility 3}
9] progressive motility(%)

- 71 ZF
TE Ael 8 19 3 | 39 = 5la‘ T [ 79 % | 109 &
control 51.3 55.9 66.3 443 205
betaine 50mM 405 526 50.0 a7 189
DB39-12 100mM 378 39.7 479 39.7 171
lycopene 250uM 374 498 685 50.4 175
500uM 44.0 64.8 71.8 42 14.0
control 705 77.9 787 492 13.9
betaine 50mM 50.7 74.6 782 484 10.7
DC17-5 100mM 403 64.9 64.6 472 93
lycopene 250uM 56.5 78.2 78.8 50.7 96
500uM 50.4 81.1 845 50.1 92
control 847 80.9 725 355 294
. 50mM 765 80.4 78.6 374 304
betaine

DB75-23 100mM 60.9 65.6 75.0 382 248
herol | 100uM 733 822 81.3 572 270
a-tocophero 500uM 62.1 64.0 77.9 346 264
control 76.1 86.2 80.7 30.9 13.0
betaine 50mM 80.3 84.9 795 334 129
197-3 100mM 737 67.5 772 248 11.6
t-tocopherol 100uM 78.8 859 79.1 263 14.0
500uM 459 79.9 77.7 183 134
control 69.2 66.9 66.4 58.4 286
DB95-17 Iveonene 250uM 70.4 67.0 64.7 60.3 456
yeope 500uM 71.9 68.1 65.7 57.8 411
control 68.2 64.4 64.9 488 145
DC17-5 lveonene 250uM 727 67.2 65.6 60.1 392
yeope 500uM 701 68.4 665 59.4 4.0
control 71.1 73.2 67.4 38.8 23.0
BA59-13 lveopenc 250uM 721 724 705 494 231
yeope 500uM 728 771 68.8 463 231
control 62.7 65.4 62.1 63.9 388
BA68-9 Iveonene 250uM 722 63.8 65.4 66.7 402
yeope 500uM 61.4 67.3 66.0 62.1 385
control 582 66.5 65.4 62.1 39.0
DB95-17 Iveonene 250uM 66.0 68.1 68.1 63.2 50.6
yeope 500uM 60.7 70.8 67.9 65.8 447
control 69.1 64.3 66.5 64.7 448
DC10-3 lveonene 250uM 745 68.6 69.9 68.9 483
yeope 500uM 76.4 69.3 69.0 66.1 454
control 713 69.4 67.9 281 7.9
BAS9A3 [ 1 | 100uM 739 72.4 67.5 328 56
P 500uM 726 69.6 68.1 341 81
control 749 68.8 55.7 272 96
DB7A42 [ ol | 100uM 718 68.1 553 27 7.9
p 500uM 64.2 68.7 49.0 19.7 6.1
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Table 4. &A+stAE 4474

ol

HAPE Fd 7€ AT

o H7boll wE B motility W3}

©9]: motility(%)

_ 71 %t
T Ae 0% | 9% [s9% | 9% | 09 %
control 77.8 83.7 83.6 48.6 26.7
1 . 50mM 68.8 82.0 80.7 494 249
betaine
100mM 60.9 67.6 75.1 46.8 22.1
control 93.0 94.4 87.7 449 271
2 a-tocopherol 100uM 90.3 95.7 89.1 51.3 24.0
500uM 77.6 87.7 86.2 420 24.0
control 85.9 914 93.8 79.6 50.5
3 lycopene 250uM 86.3 91.0 93.7 83.7 57.9
500uM 835 935 94.7 81.7 57.3

Table 5. &4FsHAIE <H73A

o

B 2 7)ol w2 o progressive motility 3}k

=4

©H9]: progressive motility(%)

AEs
T A 19 % 39 % 51—4 3 79 & 108 ¥
control 70.7 75.2 74.6 40.0 19.2
1 . 50mM 62.0 73.1 71.6 40.2 18.2
betaine
100mM 53.2 59.4 66.2 375 15.7
control 76.8 76.3 69.2 304 15.0
2 a-tocopherol 100uM 74.5 77.2 70.8 348 13.6
500uM 61.2 70.6 68.2 26.7 135
control 65.0 66.8 67.2 53.8 279
3 lycopene 250uM 65.2 66.9 68.9 58.7 343
500uM 63.5 70.9 70.0 56.1 32.1
2 HA s2AY Az B FAsA A AF

Table 6. 52 Z 34l 19| betaine

-
s A7 9 52

3

% motility W3}
9] motility(%)

T %
control 50mM 100mM
A TE
1 DC10-3 48.0 37.9 21.9
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Table 7. &2 # 34 19 betaine

A7 9 54830 & progressive motility

H3}
@$]: progressive motility(%)
T &
control 50mM 100mM
A ==
1 DC10-3 42.0 32.8 17.6

Table 8. 52 & 3|4 19 «-tocopherol =& 7}

v

=

=283 3 motility ¥

=
3}
9] motility(%)
3
control 100uM 500uM
A +E
1 DC10-3 48.0 494 241

Table 9. =2 A 349 19| o-tocopherdl F5=H 71 2 52838 3 progressive motility

3}
@9]: progressive motility(%)
T &
control 100uM 500uM
A =
1 DC10-3 42.0 43.7 20.5
Table 10. 52 A 3149 19 lycopene =2 7t D 52830 & motility 3}
9] motility(%)
T %
oA o= control 250uM 500uM
e o
1 BA59-13 21.1 16.6 17.7
2 DC10-3 52.8 57.8 28.7
3 DC17-5 39.5 55.2 25.6
4 DB95-17 36.0 36.7 35.9
5 BA72-11 25.6 40.8 31.7
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Table 11. 52 & gAY 19 lyoopene =2 37t 2 5283 & progressive motility

H3}
@$]: progressive motility(%)

T %

control 250uM 500uM
A =

1 BA59-13 8.9 8.2 7.2
2 DC10-3 34.6 35.8 155
3 DC17-5 22.2 35.4 131
4 DB95-17 20.8 22.7 184
5 BA72-11 18.3 31.6 22.2

(232 AA ALY BF % FAYAS TEY AUAY BE P 3

1%k 19. 1. 1. ~ 19. 12. 31.

(571818 30AIZE 3 18], 3641 & 23])
13 44 A 5ml straw(50X10°7}/st) 17} AF&
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43
Table 12. 2 S24H &4 JFFH 2 Y&l
CrAl: 1348 124, dAls
Al
= o = =A Ak [} Huole
:[L‘E— %% E’—\__ o R [FRE=1 ]o %‘l?—%]_ Zj]—;g 1:1/\\_]_ \__t\’_E]_
ME WE | A | Ak gl | (o178)
(<178)
HOU138-
1 = | DB68 ) 2] 6 19/1/29 | 19/2/26 X 19/5/23
2 FZ | DC24 | Houl382 | &) | 3 |19/1/29 | 19/2/26 | O | 19/5/23
3 FE | DB | RED119-2 | 92 5 19/3/12 | 19/4/9 (0] 19/7/4
4 T2 | DC28 | RED119-2 | 9J& | 3 19/4/9 | 19/5/7 o) 19/8/1
5 % | DB85 | RED119-2 | £]&) 5 19/4/9 | 19/5/7 (@) 19/8/1
6 % | DC16 | RED119-2 | 9 &) 4 19/4/30 | 19/5/28 X 19/8/22
7 T2 | DC33 | RED11922 | &8 | 3 | 19/4/30 | 19/5/28 | O | 19/8/22
19/10/1
8 WA | BA86 | NAMA34 | &) 2 19/6/18 | 19/7/16 @) /1 /
HOU138- 19/10/1
9 TE | DCo4 ) g 2 19/6/18 | 19/7/16 X /1 /
19/10/2
10 WA | BA77 | NAMA34 | 98] 4 19/7/9 | 19/8/6 0] /7/
19/10/3
11 W34 | BAS3 | NAMA34 | 2] 7 19/7/9 | 19/8/6 X /1 /
19/11/1
12 & | DC68 | RED119-2 | &) 2 19/7/23 | 19/8/20 X / 5 /
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Table 13. &%+ 9 Al AL 93], DAl 52519422, <730) : Bt Al 585

5 | = 3 E
Floge [BE| B | A E | oo | 9 [ o | A
2 We | wWs | oA | A C I I B B R
A | # 2l -
&l H, | A
1| 2 | DB&Y | RED119-2 a 5 | 18/11/27 | 18/12/25 | O |19/3/21| 8 b
%
9) 35, | Abat
2| %2 | DC19 | RED119-2 J 3 | 18/12/4 | 19/1/1 | O |19/3/28| 9 o
2
9] o,
3| W= | BA73 | UNO29-3 a 3| 18/12/11 | 19/1/8 | O | 19/4/4 | 3 o -
%
9 o4, | 7
4| =2 | DC2 | HOU138-2 3| 19/1/29 | 19/2/26 | O [19/5/23| 8 i &k
& T3 1
9] oH4,
5| 2 | DBY | RED119-2 4 5| 19/3/12 | 19/4/9 | O | 19/7/4 | 10 | L/
2
. = o | 71E
6| = | DBS5 | RED119-2 J 5 | 197479 | 19/5/7 | O | 19/8/1 | 3 ) )
9 er5, | 7
7| %2 | DC33 | RED119-2 3 | 19/4/30 | 19/5/28 | O |19/8/22| 7 e ek
2 221 1
9] oM,
8| W =LA | BAS6 | NAMA34 J 2 | 19/6/18 | 19/7/16 | O |19/10/11| 4 i
2=
i H, | A
9| WM =ZA | BA77 | NAMA34 4 4 | 19/7/9 | 19/8/6 | O |19/10/27| 7 s
2

V.

1.

a2

‘199 F 18AAIS 3= AAES AFHSI I4bskAl HUMEE F 233 F5
APt om(Hd 163], 52 73)), table 2~3= NAER F4ksiA] Azl
w2 A A motilitye} progressive motility(%) 4 A3ES el Ao
o, °o]& EUZ table 4~5+= 7S dgAEE EFIIY I HAEY
motility$} progressive motility(%)S e A TH.

NGB A FasA Hrt AP A AMFHoRE ZHH AN FHIFA)
A AR, ANAE zolrb EAsER oH, betaine A4 7% motility,
progressive motility 7} tiZ&Tel vlal] £2 @2 235 E T} «-tocopherol
AglTe] 739 100uM A FollA iz vl 7|12t 3~7d A3 W+ motility7}
1MT% 2 453l Har, =3 AR5 YER= progressive motilitye] 74-¢-%= 3
* 1~4% A3 23E eIk lycopene A ElTe] A9 tiRT tiy]
lycopene 250uM A2l A] 1€ ~ 109 A¥EH o= iz tivls|A] motilityek
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progressive motility7} A FA=ATE BN A= & 77 109 A *
= 5~7% o7 AAEAl F-A gl Hlal motility7} =2 GEI7F FR1= ], &
2 QA &35 YeRd Zo 2 BRIt lycopene 500uM A& &3 3~10Y
HEx o 2 x5 o] H 2-7% °)/de] =& motility2} progressive motility S

> oox

3. AN He) R & 5 Ax A WHETE IA ALk FAA A A Y
GAarelA| 71l 9%  «-tocopherol¥ lycopeneol|A] £& A¥E RY=H, «

~-tocopherol> 100uMollA] 1.4~1.7% ‘&<, lycopene 250uM A 2|77} 53] F 43]
thz7 tin] 0.7~15% motility2} progressive motility7} =4 Jeluds d#A=

ANE BT

4. AN Az T F4A AY T AA7IIHE motility®} progressive
motility SIS HoL-S uf, FX g7 vlsl] 484l % o -tocopherol 100uM
3} lycopene 250uM, 500uMollA] 1~7% 43t 1, FAHBANHE iz dH]
« -tocopherol 100uM¥} lycopene 250uMell A 0.7~15% €& F713F 23&E EOi2
g kAo digh ksiA| Y] 2Hg o2 Aol A4S Ed

5. '19d TE MEF 92 BHES 3 95 FEAALE AFFHI}AeH, o
AAA g g AMAE R FAHES 58.3%E UEWI, 193 gt
7] 9t ZELS NAE P AR 58FE EnbeiTh =% (199
AHt7] FAANE S8 AL " AE T 3FEFEF 42, FDe 4dTa
FTHEOR AMdtsiion, FEO0E &8st Yot

V. 71 &Es 9 33 AY
L &5 A87I1 9% 9 AY &9 FU712 A% WA A48 3
2. = 32+3kA (ycopene) Ho] &

| 3% A5 49, 44A-A Ax Al st
Al(a-tocopherol) #7Fe & & dssd 3 FHE, s 5 HA4A
x =
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A AUst APET

AATFE | AFATFHA | TR S AAEE F4dTA
TN 2019 ATt 1 o 4 15,000 €1
ATAAE | HEES AU ABDT
AEFGAE | IS FET FEAYANA AL AT
TR &% % v GE e i Y
A7 A FOAT 4 ZAE 254-3143 ATARED
TEATA “ A d st 254-3122 dTEFE=E
- A 254-3142 ‘
- AR5 254-3144 “
i o] 3¢ 254-3110 ATHFAE

II.

TU AL FAEAE I3 Wldo] Fdgle]l AZIHA Jvh. FAHHA
A o E g Zlesol a/EL AR opH7A] thREe] T4
M 7FEARSSE A TAE s WA R FH AEA X3 Aol ddott

S B Folle FAF WRAA BAEE AT FA GRoA T
AEs Aoz A Urd £ ¢ Aok A UE €8d BN TAE
= WA ARre2 g2 A7 ASor 'z WEes AT AdRoln
Aoy FA 259 Tt ARAAY SHYERd Fa oA TAH
© WAl FE =EH e 457 ol WA HFd Ao

Fpgol A EAY

=
g AL AW YANY FRYS BAIA DB

k=)
L)
X
S
Ay
Fi
kr
Y
o~
S~
il
o
s 2
12
R
)
i
rlr
v
=

=
B TAFY o 0% EE

2y = wlolule] AQow HLHT 9
o aEU AUeR BEIE BN B WAS Fuse AT Ao
e 5ol olu| g AojFA ol

& FAND obrh F4 Ake] 73
Zabgl WA 2 AYER 483t ok

W

“
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g pHEES 98 2 <4stE(Chloride), A4+ Nitrate), vf1ul¢ 2
F< olg®n YTQOILEAUE W), ¥7] AA 9L o] gdtd 8N
SHYERE  gEUot wMEs o 37% AN ATEIAE U]
(1991L.Wittr). wehA FAFAF 2o 7SR A B Aol A ““351 Bl
Al WAl Ad=dR] dEYol, 3, WEnERE A%} A] < 9
of BitdEs ol &3 EnAAdY txz dAed A AdE 7863
Al =AU,

L AEdE 2 FAAE

B AGEe FHATE AFERAYALAN F sgon Age FAE
AEREE AEA S HSA YA, BEAA WER £ Clurry)
g BT Aol 14 nARY Y AL BIES A4

Age AHgHE AFEE  AF110mm, *°]100mme] 400L & o™
PVC(polyvinyl chloride)x] @2 €53 A= ME o] &3 AZZE s
o= &7IWFe FI7EEE A% Folx= Zels A AT

QR ZI/|TEE A 20ntE e BEA(FFTY 16n/H)EEHE A X5}
of A0 2@ATHY) F7IEFFol ol Fo A=E A T

FRP tank Air motor

FAEIGHEH EREL £88 JHES AZZPVOR o]$ste] HdE 4001
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7HEEe AHAE Al AT

3 Zhzte] M zo| H7IAI(HAZ4)E 20g, 50g, 100g2 13 H7}

7|dEs % %71*:“’ o] Folgh 547 GAIZHDEH o= 753
R 747} XV&Z:OH A F71Fwel A&HE F =S AT
14 AAE2] MZ(Sample)S W 5Ywich
Azt A 1§l% ﬁ](ZO‘Q v)«] ANEE ANFH F ASEA7] T 9F

>
ol
flo
—
ot
oft
Do
(e}
4
~
ol
>.R
0
_E,

sttt AE2 ARER 43|(A2, 5, dF, 7He) AAst ARE AFH F

2 B3 o]FS 200ml &Fe T AMFHES o] &3 *35“344‘}5:.8
TZBOD), FFEAESS), FHAAT-N), FUAT-P) & A+ FE295H
AN @Rel Fote] EAGA A o|F st E4stR o AT IHgsA8
o8 TS Dok, BAHAHOE SHEHJTH

2) a7t

fraf 7k S REUYoHNHy), F3tr4HyS), WEmE3eHCHS) S S
st7] 98l 7F=AAH/E o] &t o A7 13 FAHst EA A0

(3) pH, &%=

pHEA S SA47|E o] &3t §l 13 34 3R W7 259 JRes
£ 3437l fsi TR-71U9] =4 A=z ‘ﬂi‘?é‘]*c}oﬂ Ax &= S48
ATt

107



20199 % EAMAY AT - AFEHEILA

DO} pHH E} Pk 2 BT

Table 1. &4Hd5 Ag & =x €8d a7k A =D 9:ppm)

Z(Day) A 7+20g)
5¢ 10 15¢ 20 5¢ 10 15 204
oFm o} 7 5 5 5 7 6 5 5
R RS 2 5 1 1 0 0 0 0
o o] = 1} e 1 0 0 0 0 0 0 0
. A 7F(508) 2 7+7(100g)

T 59 109 58 209 59 109 5 209
oFm o} 8 4 5 6 6 4 3 3
RS 0 0 0 0 0 0 0 0

o & o] = 3}e 0 0 0 0 0 0 0 0
Table 2. B2t A8 & ERn £8d pH, &% H3}

o =7 (Day) A7 7(20g)

59 09 159 202 59 109 159 20

pH 4 72 5.9 6.1 414 7.9 75 i

Y Re5(T) 6.4 3.5 4.0 45 45 3.2 42 46

PERSTCO) 1 2.7 45 8.4 1 2.7 45 8.4
A7} (509 A 7}+(100g)

59 09 159 202 59 09 52 20

pH 138 8.0 7.9 7.9 55 7.9 7.8 79

Y Re5(T) 47 3.5 5.2 5.3 5.4 5.7 5.8 5.4

PERSICO) 1 2.7 45 8.4 1 1 45 8.4
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Table 3. &4tz A&

A AUst APET

F ERn &8 FEHE BE(@9)ppm)
o = (Day) A7+20g)
54 10 15 20 54 10 15 20
BOD 31,385 28,285 23,243 24,343 27,985 28,285 22,143 22,843
SS 13,500 22,500 22,000 15,000 26,500 26,000 17,500 18,000
T-N 3,698 3,123 3,029 854 3,223 3,141 2,377 2,274
T-P 119 120 120 123 126 127 123 114
A 7+ (50g) A 7F(100g)
59 10 15 20 54 104 15 20
BOD 34,500 34,500 32,600 43,600 21,850 13,450 22,850 24,250
SS 20,500 20,500 19,500 15,000 14,750 14,000 14,500 5,500
T-N 3,063 2,134 2,797 2,638 2,825 2,968 2,821 1,965
T-P 213 173 235 224 138 187 209 144
Table 4. &4bds A & =in €88 AT 5=
o =27 (Day) A7H20g)
54 10 15 20 549 10 15 20
o3 95,000 88,000 76,000 70,000 72,000 130,000 71,000 45,000
(CFU,mD) A 7F(50g) A 7F+(100g)
54 10 15 20 549 10 15 20
1,300 2,200 1,100 950 500 180 290 110
2. BAREAYT B ERn &d MAE 9
Table 5. 8t e & 282 x £33 fsi7t A FH(E S :ppm)
=7 (Day) A 717208
54 10 15 20 54 10 15 20
= yo} 5 20 17 14 5 22 17 9
gl 0 100 40 40 0 100 40 20
v &l ] 231 ek 0 1 1 1 0 1 1 1
A 7F+(509) A7 7-(100g)
59 10 15 20 54 10 15 20
= yo} 4 8 8 10 6 4 5 10
3aleai 0 100 41 8 0 100 20 2
v €l v 2 3F e 0 1 1 0.5 0 1 1 0.5
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Table 6. &4tzdgF A & =% €¢d pH, 2% W3
o = (Day) A7+20g)
5% 10 159 20 5 10 159 20
pH 7.7 7.16 7.8 7.94 771 7.28 7.92 7.97
WELT(T) 17.7 21.7 16.9 20.3 17.7 21.8 16.7 20.4
9] B2 =(T) 20 23.8 18 23 20 23.8 18 23
2717509 2 717(100g)
59 109 159 20 59 109 159 202
pH 7.81 7.34 8.03 8.06 8.02 7.26 8.17 8.16
WELT(T) 17.7 22.2 16.6 20.2 18 22.4 16.8 20.3
SR =(T) 20 23.8 18 23 20 23.8 18 23
Table 7. ©4tzt# Aol ¥ £k <8 FE4E =29 :ppm)
) =7 (Day) A 7F+(20g)
5% 10 159 20 5 10 159 20
BOD 22700 40,048 28248 19485 26,800 34448 15824 19,385
SS 11,500 5,000 6,000 7,900 10,500 6,000 5,500 7,300
T-N 3,226 3,283 5,871 1,897 4,068 4,164 3,388 2,279
T-P 337 263 250 189 262 282 246 189
A 71750g) 717 (100g)
5% 109 159 20 5 109 159 202
BOD 30,500 30,048 15474 18,085 28,600 6,000 16,224 20,735
SS 13,000 5,500 5,500 7,600 14,500 34,448 6,500 8,900
T-N 6,052 3,066 3,237 1,976 5,763 3,937 5,137 2,002
T-P 189 260 240 161 425 293 272 222
Table 8. &td s A8 ¢ Eix €98 U4 5%
o] =7 (Day) A 7F(20g)
59 109 159 20 59 10 159 20
A 2,300 140 260 8 6,200 200 180 7
(CFU,ml) 7509 A 717-(100g)
59 109 159 20 59 109 159 202
2,000 150 100 9 2,600 94 50 9
Table 9. &4 Ay & =&k £3444 5%
o] =(Day) H7++20g)
59 109 159 20 59 109 159 20
‘&L 2.35 1.07 2.0 1.79 1.87 0.98 1.75 1.86
(mg/L) 71 (50g) % 7+ 7-(100g)
59 109 159 20 59 109 159 20
1.39 0.92 1.43 1.14 0.97 0.79 1.16 1.07
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a7

3. B gAY AEE =R €489 vX = 93
Table 10. bzt M & =8% &8g] fal7b2 24 29 :ppm)
of =7 (Day) A 7F(20g)
54 10 15¢ 20 54 10 15 20
R Yo} 3 18 16 12 3 13 11 10
B3l Aa 120 120 120 80 120 120 120 82
o g 27tk 1 1 1 1 1 1 1 1
2 71(502) 2 71+(100g)
54 109 15¢ 20 54 10 15¢ 209
R Yo} 3 13 12 10 3 13 12 9
B3lra 120 120 120 75 120 120 120 74
H v 27+ek 1 1 1 1 1 1 1 1
Table 11. §440¢ He & EEn <eg pH, ¢x W3}
) Z+(Day) A 7F(20g)
5¢ 109 15 20 5¢ 109 15 20
pH 6.79 7.37 7.91 8.78 6.87 7.39 7.71 8.76
YELZ(C) 29.7 28.1 27.8 22.0 29 28.4 27.2 21.8
QR (T) 35 30 30 26 35 30 30 26
A 71(502) A 717+(100g)
5¢ 109 15¢ 20 5¢ 109 15 20
pH 6.77 7.41 7.77 8.77 6.77 7.45 7.71 8.76
WHL=(T) 29.1 28.2 26.9 22 28.9 28.5 26.8 22
QELT(TC) 35 30 30 26 35 30 30 26
Table 12. B3 4 Hg & =8k 88 $24E =T ppm)
o] =+ (Day) A7+20g)
54 10 15¢ 20 54 10 15¢ 209
BOD 16,509 8,190 6,530 8,057 14,709 8,390 5,890 8,577
SS 4,400 4,300 5,400 4,400 6,200 4,400 4,400 6,200
T-N 1,463 1,358 1,257 1,458 1,431 1,482 1,546 1,963
T-P 190 152 201 131 328 183 149 147
A 7+ (50g) A 7F(100g)
5¢ 109 15 20 59 109 15 20
BOD 14,509 7,790 6,630 7,717 14,759 6,790 6,030 8,937
SS 6,600 4,400 6,200 7,600 5,400 5,400 8,000 6,000
T-N 1,443 1,461 1,637 1,962 1,336 1,448 1,294 1,434
T-P 295 183 219 174 290 207 294 141
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Table 13. &4tdsF A & == €48 AT (FE)
o =(Day) H7++-20g)
59 10 159 20 59 10 159 20
o 770 14,000 120,000 330,000 540 11,000 79,000 340,000
(CFU,mD 3 7502 2 7F(100g)
5¢ 10 159 20 59 10 159 20
630 18,000 130,000 100,000 500 17,000 100,000 440,000
Table 14. &4bd5 AP & Efkx £E344A(FE)
o = 7+(Day) A 7H7(209)
5¢ 10 159 20 5¢ 10 159 20
|EA 2.86 2.7 1.7 1.7 2.35 2.94 2.87 1.95
(mg/L) 717509 2 717(100g)
59 109 159 20 59 10 159 20
2.48 2.25 1.93 1.43 2.49 2.21 1.59 1.48
4. A ZdFAE 7t 71 EER €8del vAs FE
Table 15. ¥hb4 Aol & B8k &g fsl7kz w4 (9] :ppm)
o =7+(Day) 717209
59 10 159 20 59 10 159 20
ok 2o} 8 7 5 5 8 7 5 3
FahFa 20 10 8 5 21 10 8 5
v g 23}e 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
A 7F+(50g) A 7F+(100g)
5 10 159 20 59 10 159 20
Fw o} 7 6 4 3 6 5 3 2
FahFa 18 11 5 5 18 10 5 4
v g 23e 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Table 16. S4b4 #e] & =8k &g pH, &= Ws
o =7 (Day) A 7F20g)
59 10 159 20 5 109 159 20
pH 7.01 7.3 7.54 771 7.46 7.07 7.53 7.68
YR %(T) 21.3 20.3 19 145 20.8 20.2 18.8 15.3
9B 2(T) 22 19 17 11 22 19 17 11
711509 2 71(100g)
59 10 159 20 5% 109 159 20
pH 751 7.05 751 7.65 7.47 7.27 7.59 7.81
YR %(T) 20.9 19.7 18.7 15.0 20.9 20.1 18.6 15.2
SR =(T) 22 19 17 11 22 19 17 11
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Table 17. 834 Hg & =8k 88 $24E ==(TY:ppm)

o = (Day) A7+20g)
5 10 15 20 5 10 15 20
BOD 16,355 18,955 11,493 14,055 11,823 18,955 16,905 11,253
SS 11,800 12,400 12,800 9,000 13,600 12,000 13,200 8,666
T-N 3,098 2,227 3,242 1,991 3,289 2,224 2,394 2,032
T-P 469 252 237 187 352 309 247 170
A 7+ (50g) A 7F(100g)
5 109 15 20 5 10 15 20
BOD 19,155 18,905 17,705 11,463 16,105 18,105 17,905 11,553
SS 13,200 13,600 13,600 9,000 10,400 12,000 12,000 8,666
T-N 3,225 3,110 2,385 1,733 2,269 3,126 2,399 2,149
T-P 350 318 248 177 275 307 244 156

Table 18. &4tds A & =% 88 AT 5
o = (Day) A7++20g)
5% 10 154 20 59 10 15 20
=1y 780 51 110 170 320 180 740 820
(CFU,mD A 71+(50g) A 7}F=+(100g)
54 10 154 20 54 10 15 20
570 190 520 460 240 100 140 84

Table 19. B2k g & ERL £F244 24

o = 7(Day) 717208
5¢ 109 15 20 5¢ 10 159 20
|EAA 9.36 7.11 6.24 5.84 9.12 7.08 5.99 5.16
(mg/L) A 71(50g) A 7}++(100g)
o 10 15 20 5 10 159 20
7.31 6.23 5.31 4.22 7.30 6.25 5.47 4.13

gk Ay drYol 35 ALHE AFAA tiEF 7-5ppme =2, H7H100g)
T 6—-3ppmo = AR7Izte] Aojdss Tk AUty 2] B st
Goub HFAA 2% PaZol I/ gtk BHAGAN grUol B=
& t=T 5-14ppm, H7H1009)T 6—10ppm F7hste] A g7]zto] Ao
7ok A7 247 25 gEYol == Skt A5 A E A

du vl
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jinA

HA

EYol 5+ WET 3—12ppm, H7H100g)7 3—9ppm F7Fsked A A7)
ol dojdss Bd3 mpVHAZ tlx79 HU 47 BF dEYok §
T 7 eERAINE iz diHl AH7H100g) Tl A S7HEo]l AA &gkt 7t
SAHAANFANA Yol 5= thxT 8—5ppm, H7H100g)T 6—2ppm 74

st A AA7)zro] AojEaE x99 HUb 4V By gEYor vEE 3
AstFa T diE ATt oA ZaFol B AA YeRY. VHs, ASEH
I gE2A 523 AFHAAE dEYUoL FI717F ARVt AojAFE =
Al Uebd olfr= YREL Aol o3 o E 7|ldt.

Fslri FEY ASH APAA iz, H7H0097 EFANA FX7F
nFo g ZAHY Foud AA(E YeplA &gk, FAAFANAE dx
Foll A 59, 109, 159, 204 =kell ZH7] 0—100—40—40ppm, 7 7H100g)F 20
Dzt 2+7] 0—100—20—2ppm FAA = tixzTet HIbFrolA AR 109k
of Hti HsatdAtrt AR20Y A= EF A dste AHE YEploy A
7l A ZFAaFo]l B A UEtRTh AFHAZANAE tHEFeA 5, 10
9, 159, 209 ko] 7}7] 120—120—120-80ppm, A 7H1009)T 20U 3o 7}7]
120—120—120—74ppm LA = o] thxzFe} 7oA A 159xt 7MA+=
Hol A5 At 20 Aele 25 Ao thxT, H7F oA
ztol= A9 fldth 7FEAAFAA dxFAAAE 5Y, 109, 15¢, 20¥xt
of Z}7] 20—10—80—5ppm, 3 7H100g)7 20 =tel Z+7] 18—10—5—4ppm
A E o] o HI7MolA AA7|Zto] AoAd45 Fslris w5271 Ta
A thzF tiHl H7bFelA AaFo] A YEs T

Hem23tet> AdE 25 thxF9F HI7lolA Ippm o|WE &%
Hol At FaEAE ZIdskr] ofH Wk

|\

A

2) pH 2 &% W3

NPAZZE Wi 255 ASHAPAA tHxTolA 5¢, 10¢, 15¢, 20
Axtoll Z}7] 6.4—3.5-4.0—4.5C, F7H1009)ToNA Z+7] 5.4—5.7—5.8-5.
AC=E Yty 79k J7F 25 WstEo] A 4gkt. pHY A% =T
oA 5, 10¢¥, 15¢, 20¥ At Z+7] 4—7.2—5.9—6.1, H7H100g)Tl A 2z}
7] 5.5-27.9-7.8-792 Yety thx79t H7Hg EFolA A&7l Ao
A4 E pHFA| 7 AEEH JAAT HA7bFolA iz tivl X171 24 Yehd
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bR AUs AT
Ao R Hol NPAAZE T <2jg] TR o3+ Aoz AT
EHA DA AFAGZE W 25+ dE2TFolA 549, 104, 15¢, 20¥¢ =
o 7}7] 17.7-21.7-516.9-20.3C, H7H100g)Toll A 7}7] 18-22.4-16.8—
20.3C = et Adoin SHARANA WE 227t 3A FsstRe
=2 APeERt HuwE 3 BY dxToF FUb 25 WsFo] AR %9
o} pHe] A% tiZFolA 54, 10Y, 156¢¥, 20 Ao ZH7] 7.7-7.16—7.8—
7.94, 7<47}(100g)-?°ﬂ/\1 Zr7] 8.02—7.26—8.17—8.162 YEY tizk 7}
T EFolA AA7|Zre] Aojd4E pHFEA7F A AR ASLA@H vt
i&ﬂxli HA7Fol A iz tiel F27F A4 YERS T
AEHAYGAA AFAZZR WP 25+ dZ2TFolA 54, 10¥, 15¢, 20¥
2ol Z}7] 29.1-28.1-27.8—22.0C, FH7H100g)TNAl Zt7] 28.9—28.5—26.8
—22CE Yy AL, B804 JE2ZAEAA YR 2= 0% 4539
, AFE ANFoET HuE ) R iz U BT HEES 34
°L°LE} pHe] A tizFolA 5Y, 10¥, 15¢, 209} 2+7] 6.79—>7.37—
7.91—8.78, H7H100g)Foll A Z+7] 677%7 45—7.71-8.76 2 Ve thzxTo}
A7F BFolA AA7|3te] AoAFE pHFEX7F ASHJAAT ASHAIR
ANX= HA7FFAA xT 5 WHslEo] A It
TMEAAGAA APGAFZZ YR 2= gz 5Y, 10, 15Y, 20¥
2o 7t7] 21.3-20.3—19—-14.5C, H7H1009)FolM Z+7] 20.9-20.1-18.6—
15.2C & YEe} 7FSH A & ol A qp:l o= gz AT BT 32 &
ot pHe A tixTelA 5¢, 10¥, 16¥, 20€ =kl Z+7] 7.01—-7.3—7.54
—=7.71, H7H100@)TFANA ZF7] 7.47—7.27-7.59—7.812 YEeEY iz 3
7t BFOA A7z #AIGlo] pHFEA & vIxd FEFES UERAT

BODEZ=+ A<d AlgolA diz7 5¢, 10¢, 15¢, 20€=e ZH7]
31,385—28,285—23,243—24,343ppm,  FH7F7F1009NA=  21,850—13,450—
22,850—24,250ppm 24 E o} tlETo AT BE Azte] Aol me} £
7 A o}“vm A Z7keke Age UedT. SSALE AReNE fz
T 5¢, 109, 159, 204 =fel Z+~7] 13,500—22,500—22,000—15,000ppm, 37}
T(100g)l A= 14,750—14,000—14,500—5,500ppm SH =] zT= AlY
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>

12t 10, 15kl F7bstth 202kl ThA] ZraE o] AJ@A 2L A H
oAl e o™, HIlFol A= A@AIZ 159 74A] WskyE 3R] QA
209 Aol A &St AT Utk INASE Al@odAAs iz 5
. 109, 159, 209 =Fe] Z+7] 3,698—3,123—3,029—854ppm, 7} 7-(100g)e]
1= 2,825—2,968—2,821—1,965ppm SA H o tZ2FoAA = AA7]Zke] A
grs asith AI@AIZ 2092tk FA Hadte A3dE UER T JUL
TolA= AZAIZ 10LA £F sttt AZAIZ 20 2pol] =24 7H4skA
At ZaZe gz277F A Utk TPALSE AgdAMs gz 5Y, 10
A, 159, 20Qake] Z+7] 119—120—120—123ppm, A 7F1009)e] A= 136—
187—209—144ppm SA = o] i} H7bFoA A&7 3ke] mE HIES
A &Skt

2 AlgelA BODE= otz 5¢, 10€, 15¢, 20¥ = Z+7] 22,700—
40,047—28,248—19,485ppm, A 7F(100g) ol A 28,600—6,000—16,224—
20,735ppm SAEHo] txToA = FX7F SUtstth AL Il A
= &gt oA FTkete AEFS BEATh SSASH A @M= tHEF S
A, 109, 159, 2082k zH7] 11,500—5,000—6,000—7,900ppm, H 7F7(100g)
oAM= 14,500—34,448—6,500—8,900ppm &A= o] thExT+= A A2 10¥
zkell - ZHasiet 169, 209kl BAl S7F skal, HTbl A AI@AE
204zt A FFasted iz AaFe vl A et INEZE Al
A= oz 5Y, 109, 15¥, 20¥xtel Z47] 3,226—3,283—5,871—
1,897ppm, #7F+(100g)o A= 5,796—3,937—5,137—2,002ppm = = o] o
279 HA7b BT ARTIZrel AdeE AAsAT. TPEE APodA+=
iz 5¢, 10¢, 15¢, 20¥€=te) Z7] 337—263—250—189ppm, 7}
(100g) M= 425-5293—272—222ppm =4 = o] tzTe H7brolAd A%
Z1Zkoll - WEE2 AR FUTh

o534 AlgolA BODE T 5, 10¢, 15, 20€¢ kel Z+7] 16,509—
8,190—6,530—8,057ppm, 7} 7(100g)9) A= 14,759—6,790—6,030—8,937ppm
SAEH iz, AT BT A@AZ 159kl AT 209 2pol] &%
7bete AdE UB T SSHEE AddAe thxT 59, 10, 15%, 20
ztoll Z+7] 4,400—4,300—5,400—4,400ppm, 3 7F7+(100g) | A4 = 5,400—5,400
—8,000—6,000ppm FA = ol x99 HI7lT BT AG7|Ite] mE W%
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& 3A Fshth INAEZ A PollAds tdizT 549, 109, 15¢, 2044}l 2
7] 1,463—1,358—1,257—1,458ppm, H7FH(100g)o1 4 1,336—1,448—1,294
—1,434ppm SAE ] AFHAPAA TN == HEzT9 HA7b 25 4
3Zo] A9 gle Aoz Uegth TPAEE AdodMes d=7 5%, 10,
15, 204kl 2471 190—152—201—131ppm, #7F+(100g)el A& 290—207
—294—141ppm SA = thEzT9 H7FolM AAZ7IZEe] wet desint
7F 2093l A= Akt

BOD& =9 7hed Addld= tiz7 54, 109, 15¢, 20dxtel 27]
16,335—518,955—11,493—14,055ppm,  d7H100g) ol A= 16,105-518,105—
17,905—11,553ppm A = o] w79k H7H7olA FX7F S7tett dash=
e BT SS7HEE AlPelAE tixzT 5¢, 10€, 15€, 2093kl 77
11,800—12,400—12,800—9,000ppm, 7H100g)7-ll A = 10,400—12,000—
12,000—8,666ppm =g= o ez, H7b7 EF WsE 97 @2 o=
e T TNEE A dolAs tz7 59, 109, 15Y, 209 =}kl Z+7] 3,098—
2,227—3,242—1,991ppm, HA7H1009) TN HE  2,269—3,126—2,399—2,149ppm
SA AT TP7HE AldolAde ti&T 5Y, 109, 15, 204 =}l Z+7] 469
—252—-237—187ppm, F7H1009)T-ol A= 275-307—244—156ppm =4 = o
zTet H7bolA A7z mE WstEe 34 agtth
4 A 2 §EMAE T

st W3k AdelA ALF oizT 5, 20¢Akel Zr] 95,000—
70,000CFU/ml, #7H100g)7-°llA41 Z7] 500—110CFU/mIC.2 ZA=HAL, =3
Aol A thx7 5Y, 2092t Z+7] 2,300—8CFU/ml, % 7H100g)7-°ll A 2,600
—ICFUmIe. 2 FEA M= WHEkFo] 7o Qth. A5 AdelA=
=7 59, 20¥9Akel Z+7] 770—330,000CFU/mI, 3 7H100g)7-ell A 500—
440,000CFUmle. 2 wl-¢- A7 S7iste] &4 Uh &5 Joo= <l o
Aol FA7E GA Sk Ao2 dEyEnh 7hed AlgelA dix=T 5
o, 20 =kel z+7] 780—170CFU/mI, 3 7H100g)7-oll A Z7] 240—84CFU/ml.2.
2 Zaste] A wE AT Mas w24 YA iz o
H FJ7helA Zagde 324 @2 Ao Ueny. §Edas AddE

AGNA ABAR 093] 2T, BT RFA Azke] AdsE 247}
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I. 348 9 A3

2019¢ 12€% 7%, 34 1155 238t F101F -5 ARskal Qlow = ok
A

=

T 244 % 7H%’ﬁ%%“°ﬂ koL ek A4 -] Y HAe HAste] 4 A7
ANAF B AD)ek Hao] A ARt Faos WAl tiste] 259 HAAS
AABkAL Itk 2019 el =W 75 Tl flste] 26572 SOkt A=
ot EHAN0H FaTlERl Ha FAAYS 8Tt 23stE T AT =A
o FHNF B A7 FHo ojnix|eklnh 1L k- AR E s 7S
s TS AAlsien, Bl e 7lskaL Stk

1. 20199 39 A4k - HA

FotA Ak F 37TF(Y26, F1D7F A HIYow
st 267(410, F16)F7F EFHAT. AHS d
1009, 12035 9] 10Feo] AR&EHATE 20193 AR FFe T 12FE AA, °]
fr, 671, 1270, W4 AAS S5stdoen, o/ld7tA AAH LS AF, 12
M ol AAL Al

o ARE B ALY FY /1EAT ABE BEIHAT

A% I A o o & 2 o
24 vl 7 A 2 w7 4 8
3 5 2AH 8 14+ 14
4 2 3A o 16 22 17
5 9 4A 18 34 7
6 9 54 o 13 4%+ 3
7 10 6A 8 54F 7
8 3 TA 1 64k 3
94| o] 23 A 2 74k ol 9
GA 68 68 68
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Table 2. 2019'@ A4+ FolA w5

B 352 EP.D)
5 AAAE I=AZE | SATAE | ST | 2HATE .
kg (cmd (mm) &)
1 002 1369 2910 6 15-:48 3211 -0.582 0.201
2 002 1369 3013 7 13276 3-%69 0.%91 0.5;13
3 002 1383 0803 8 14-:63 4&73 -0.:88 0.175
4 002 1383 0805 4 22A63 5&22 -0./308 0.?];88
5 0021 383 0808 7 14-/371 4-173 —0A67 0.248
6 002 1383 0807 9 13-234 4-i28 -0561 0.;;55
7 002 1410 6374 3 25:62 6-(/171 —0.582 0.21
8 002 1410 6420 3 17203 2~15391 —0.:17 o.gz
9 002 1410 6497 3 18133 3~i87 -0-C174 0.5131
10 002 1359 7405 1 11-543 2-‘]1315 0.]9)64 o.izz
11 0021 3693 120 6 142177 3-/1;5 —O.glﬁ o.iog
12 002 1369 3135 1 23£82 4~163 —0853 0.199
13 002 1383 0804 6 17272 3159 -0.131 0.266
14 002 1383 0806 2 14A09 4-271 —1.A182 0.5;03
15 002 1410 6347 9 26':07 3-i27 -O-é)37 0.1C96
16 002 1410 6498 1 2859 4&02 -0-];»81 0.;;52
17 002 1410 6373 5 24275 3%16 —0.];172 o.ngs
18 002 1410 6543 5 18101 3~218 -0-C273 0.21\78
19 002 1420 5427 3 12-319 3-i42 —0A61 o.zl;43
20 002 1420 5514 5 13'B367 3~2AOZ —%7 0.301
21 002 1420 5534 6 = - - - ae
2 002 1420 5579 2 17.963 4.431 ~0.369 0.61
A A B N
23 002 1420 6241 5 12,101 3.196 ~0.396 0.652
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AFHE A

B A A
o 002 1470 6386 4 15.939 2.667 ~0.724 0.382
A B B
o 002 1420 6421 4 19.436 3.085 0.027 0.326
A B B
10.987 3.34 ~0.311 0.366
26 002 1420 6385 6 S + o
24.711 4118 0.225 0.778
27 002 1420 6407 9 n X n
14.818 3.803 ~0.52 0.522
28 002 1420 6387 2 i A A
14.632 4543 ~0.495 0.603
29 002 1420 6495 8 n n n
15.198 4.837 -1.084 0.458
30 002 1420 6494 0 < A A
14.506 3.56 ~0.309 0.76
31 002 1446 0319 7 i N A
32 002 1446 0318 9 - - - 35
18.905 5.337 ~0.909 0.875
33 002 1446 0346 1 i R N
9 002 1446 0345 3 12.339 2.851 0.099 0.204
B B C
16.366 4915 ~0.644 0.275
35 002 1446 0420 4 + n c
21.107 3.872 ~0.479 0.713
36 002 1446 0449 5 n N i
12.1 3.115 -1.007 0.5
37 002 1446 0598 1 = 5 i
Table 3. 2019 <%olA 774
A A A A F(ke) ol AFke 671 e A sk AZ5A ZFke)
< 278435 94.3+14.4 184.1£23.0 1.0+0.1
F 30.8+5.4 94.2+20.8 204.5+17.8 1.1+0.2
Table 4. 2019 &4 -9-(h) 12704 AR
il . A=
- 7HA M5 A AZ | T4 | FF | 2F | 84 | 2Z | F= | 1Y | F4
) 23
1| 00212490995 4 | 119 | 128 | 145 | 65 | 43 | 48 | 43 | 40 | 27 | 18 | 179
2 | 002126183249 | 121 | 129 | 141 | 64 | 44 | 49 | 41 | 45 | 24 | 18 | 174
3| 002131228574 | 122 | 129 | 141 | 64 | 41 | 48 | 42 | 44 | 22 | 17 | 172
4 | 002130275938 | 123 [ 131 | 135 | 60 | 39 | 45 | 37 | 42 | 25 | 18 | 163
B 121.3 | 129.3 | 1405 | 63.3 | 41.8 | 47.5 | 40.8 | 42.8 | 245 | 17.8 | 172.0
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Table 5. =4t F4A HA$ AA

rol
B
olr
i)
=
ofl

Boag | az | 2 an | sy 83 | 2w | an | 2% | a2 | awe | 9
o F-al
1 |34 w9k | 135.0 | 138.0 | 148.0 | 72.0 43.0 52.0 51.0 49.0 | 27.0 18.0 189.0
2 4 133.0 | 135.0 | 1475 | 71.0 43.5 54.0 50.5 48.5 26.5 18.8 187.5
3 5 1375 | 139.3 | 154.0 | 72.3 42.3 55.3 50.8 47.8 28.0 19.3 186.5
4 6 133.0 | 136.2 | 1535 | 71.5 45.0 55.5 52.3 48.8 27.0 19.4 190.2
5 7 133.8 | 137.3 | 1575 | 75.3 41.8 55.0 51.3 48.0 26.8 18.9 193.0
6 8 132.0 | 132.7 | 152.0 | 73.3 47.0 53.3 50.3 50.0 27.3 18.7 199.3
7 9 132.7 | 133.0 | 146.3 | 72.7 47.9 53.4 51.7 46.4 | 26.3 18.4 194.0
8 | 104 o] | 132.6 | 1329 | 149.0 | 718 44.2 52.8 50.2 47.4 26.0 18.1 188.9
oA g 133.7 | 1355 | 151.0 | 725 443 53.9 | 51.01 | 48.2 26.9 18.7 191.1
HARE Fo 3 WA WA Hd
2. 2020 %olx A4 A g
2020 Fobx] AAF AF LS 36F01H, dAAAH] SRFHASH F 40F2

WA FHh dgET ALg
82 AHgslglom, AR FolAt

=+ KPN 872, 1243, 1263

ol

9 AL Fotd SAATA AA |
49 s =9 A2 NS Fiel B ool
Table 6. T E-$(KPN) A& U<
F+A5EEPD)
W Ara
5| ®N 12714 AF =AF SAGHF SAGEA ZUHAR= H 3
kg ko) (cm? (mm) (€3))
1 872 34.82 A 40.48 A 4.93 A -0.39 B 0.12 D
2 1046 8.72 B 21.83 A 4.90 A -0.26 C 1.15 A
3 1080 8.26 B 19.26 A 6.56 A -1.67 A 1.00 A
4 1100 9.38 B 12.98 B 5.67 A -1.03 A 1.19 A
5 1112 14.17 A 21.28 A 6.40 A -0.81 A 0.53 A
6 1173 13.56 A 13.83 A 3.33 A -1.66 A 0.45 B
7 1202 10.20 B 17.26 A 4.99 A -0.80 A 0.43 B
8 1216 16.74 A 25.24 A 6.71 A -0.63 A 0.52 A
9 1243 14.11 A 25.89 A 4.75 A -0.15 C 0.73 A
10 1263 40.18 A 38.16 A 5.63 A -1.37 A 0.51 A
11 1273 11.24 A 18.85 A 3.95 A -1.28 A 0.68 A
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Table 7. 2020'd A4+ o4 FobA| FH%5H9

o - g% ¥4 35 EP.D)
ws | SR NTSDARAT [ =A% | sdwEs | SATTA | cddls

- (kg) (kg) (cm? (mm) (&)
1 | %3719 | 87w 362156 47£21 76\34 -0-C282 0.%16
2 8412 | 1080 151'326 26; 38 7.116 —1.};)71 0']_28
3 | 5206 | 1112 19'];127 34235 8-[31 _0887 0%19
4 | 2857 | 1243 36':11 522171 11-:74 -1.:65 1&77
5 5989 | 1263 50;\943 53A01 9.(/154 1.1B97 o,sBss
6 6663 1273 23§89 36.[;154 8.3/;74 —1;36 1,158
37 | 8802 | 1173 22':65 23-527 4]-38 —1.:34 O.3C46
38 | 3258 | 1216 3‘“;2 51; 28 14-; 25 -0.1069 1.;54
29 | o9 | 116 18.B815 29.;75 7. /1\22 —1.§62 o.ngl
0 | o3 | 1202 17.§52 29.274 8.5AOZ —1.};)46 1.(/121
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Table 8. 4 F4 T2 d3

A
= AARS 83 AEdd 5=4 MCIR ASIP EAEF | HZ
1 002 0083 2887 3 | GN8001 | 2007-10-01 2015-08-07 E+E+ AbrA 1 =
2 002 0652 8525 0 | GN8002 | 2011-05-10 2016-12-09 E+e AbrA 1 =
3 002 1022 1471 1 | GN8003 | 2015-10-19 2017-05-10 E+e AbrA 1 &
4 002 1224 3456 8 | GN8004 | 2017-11-14 2018-06-15 E+e AbrAbr 2 RS
Table 9. A4+ g 2D A AFLA UY
i e B Hx ATEA
H 5 AY AH(st, - _
F7HE) 7N 4=(st) F7HZ) T
el 160 4 65 24 96
sl 375 4 170 8 161
Al 535 8 235 32 257
m. &3A4E
20099 HE F9AEE AFBEA oA A FAATLL B B9AEE
71 973k -9 AAE Bg 7HES ST S e Ao E AAst

39tk 53, @5 AAE A % AW Bel 5 AN 7153
FAgrIEe] Wl B+ UES ANl =82 s 9
M el S B & AES ALH AYS AN 9ol
g 9ste] 2o AHE FBT ogolth K4 AF F2 %7
o Balo] o AL A% AR 5 ALS I Aok 1
oz sl 95T FolHE Thow Ak %

5 2% A7 WAs A9 = 39 5718 9dsel Aue

JERDERS)

L Qom 9ok oba

5
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A28 P AYe WYIThA 5
B B ED DFRE S5 B

I F24E 3% 4%
A7 B AP S 2016%5‘_1"%51 FR8k 4d7F & 3232709 AT
S =y BRFstgth '19deE E 6719 Al - & AAGE A, Y AF
S = - =H] 251Nk S APty F 1,06270e AT
2 o)At Al - 7 ARG o4 2 XA AL table. 13 2

-

Table 1. A TR it g F4HH
(e - Hd
ArdH|
9= OIéi/flél MNIERWE Clinl
A | REH | ABH | R o

2016 | 258,000 | 129,000 | 99,000 | 30,000 600/6005 | - &200, 8200, =3H200

2017 | 258,000 | 129,000 | 99,000 | 30,000 590/6005F | - ©%200, 2190, HdH200

- 2200, 22210, 3200
= 1 " d
2018 | 430,000 | 215,000 | 165,000 | 50,000 980/1,0105 20, 144150, AFE100

SHE326, 2H200, T1F62
= d 1 1
2019 | 494,500 | 215,000 | 222,000 | 57,500 | 1,062/1,150+ A 150, AFE150
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4. A&
D 3 ALRAE FARA o) ABNRS | 2HA B} BAy= B
5. BAy

FH

D AR AAA7] - dFZE AL A ARZAFFE 109 o]
2) NEAFHEH
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2. FESHAA 47
Table 2. 2= WHA5E EA
%54 Ll e 3 E dESE= A 9L B
FABEE AV () 57.0 29.5 5.0 91.5
ZFHAH (L) 281+35.90 | 279+33.12 | 319*40.61 283.98
A E 55 12.96+1.13 | 13.65+0.94 | 14.42+0.83 13.27
A FHEFFG) 206 88 18 312
A ZF A () 50 24 1 75
A ZF BEuES(F) 98 61 8 167
BEEG TS () 7.86+2.64 7.33+2.72 7.00+t2.78 7.62
REEG A2 (F) 6.57+2.51 6.18+2.67 5.75£2.60 6.39
BEEY o] fA=F(F) 6.32+2.42 6.07+2.63 5.13+2.17 6.17
RE S AE(3) 1.72 2.07 1.60 1.83
AL 4= (D) 7.54 4.96 18.33 7.11
13 B =4 35 (3) 3 3 3
Table 3. Akx}H 2= B33} & 5,1 ‘19 5 7]
)
AbzE Ll "gEE dEZE Al
14k} 54(58.0%) 19(44.2%) 8(80.0%) 81(55.5%)
24k =} 9(9.7%) 4(9.3%) - 13( 8.9%)
3Ak=; 12(12.9%) 6(13.9%) 1(10.0%) 19(13.0%)
422} 8(8.6%) 4(9.3%) - 12( 8.2%)
5Akx} o] A} 10(10.8%) 10(23.3%) 1(10.0%) 21(14.4%)
Al 93(100%) 43(100%) 10(100%) 146 (100%)
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Table 4. TE= AFSRHIE 2 HAAHYd A5
] s Ba% | BY | A | IPRAA=F
£ AAEE | 8999 | AFRFED B T e e
(mL) (%) (9/mL) (*3/100mL)
DB39—12 17/4/20 17 204 77.9 2.19 69
DA72-51 17/5/10 2 83 67.5 1.40 3
DB72—9 17/6/27 8 168 75.6 1.56 30
DC3—7 17/12/9 5 130 19.0 0.86 6
DB30—49 18/1/17 1 223 90.0 2.40 0
DB49—29 18/1/17 1 125 70.0 1.00 3
DB81-21 18/2/21 14 92 41.8 2.12 18
DC10-3 18/5/1 20 207 86.3 2.45 135
DC3—18 18/5/2 10 119 64.5 3.06 30
DC1-12 18/5/4 12 152 74.2 1.65 60
DA93-53 | 18/5/16 10 147 66.5 1.80 30
DB75-23 18/6/20 9 109 63.3 1.81 27
DC17-5 18/6/28 17 184 80.0 2.49 90
mzm==z [ DBY5-17 18/7/26 16 156 78.4 2.66 72
DC23-5 18/8/10 1 156 78.8 2.93 18
DC33-5 18/8/27 3 122 16.7 0.87 6
DB74—42 | 18/10/17 8 123 70.0 1.65 33
DC16-17 | 18/10/26 7 186 74.3 2.30 39
DC46—3 18/12/17 8 126 76.0 1.57 24
DC4—18 19/1/3 7 139 70.8 1.13 24
DC56—7 19/3/10 3 123 75.0 1.73 6
DC35—11 19/3/16 3 51 83.3 1.70 9
DC16-25 19/3/22 1 118 70.0 0.80 0
DB49—49 19/4/3 2 126 775 1.60 9
HAt 7.8 140 71.1 1.82 3.94(8/3))
2 1883 7414
BA9—67 17/8/31 6 117 74.2 2.73 27
BA45—13 17/9/13 1 186 40.0 1.60 3
BA45—19 18/2/8 24 138 75.2 2.53 102
BA53—19 18/2/15 14 145 84.6 2.18 54
BA57—29 18/5/2 7 130 12.9 2.19 9
vz | BADY—13 18/5/24 19 207 87.4 1.59 105
T TBAGS—9 18/3/16 15 186 82.0 1.80 81
BA72—11 18/11/1 14 159 80.4 1.34 72
BA52—-38 | 18/12/21 4 158 75.0 1.18 15
B33t 11.6 158 71.3 1.90 4.5(3/3))
27 1043 468"
797-3 17/11/11 17 113 82.1 2.45 48
796-22 18/11/16 6 157 84.2 1.28 24
ot s | 99144 18/12/23 1 208 78.8 1.55 22
T B 9.0 159 81.7 1.76 3.48(*8/3))
27 273] 941
A 3193 1,3034%
KEE L Y, B, WA A 13 T BT +H 9
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Table 7. AAH =

4

- AREA

T RYE A55Y
NSRS nEEE
7 '
o F o F
HopE 2 (1) 27 73 18 15
serTr ClaAe} 1523
A AF (kg) 1.57%£0.32 1.64+0.30 1.50£0.16 1.50£0.28
ol FAl A (kg) 8.26£1.96 9.51£1.77 9.83+1.93 8.64+2.03
ARNA A= (kg) 23.60%+4.66 24.80+4.25 21.71+3.28 22.22+3.22
AR EE AZE (kg 123.63+10.45 | 128.12+11.19 | 115.76+10.14 117.67£7.73
AR 949D 173.04£7.11 170.79+£11.45 176.47+8.10 173.07£7.50
A FAFH (g 963.80£59.60

1027.91£88.21

878.90£69.90 | 928.06%£80.97
90kg =Ed®(Y) 136.71£6.17 131.56+£7.22 146.14%7.59 141.66%£7.77
90kg & A77 (mm) 8.85+1.72 8.27+1.24 11.71+1.72 10.88+1.38
FEYE T 1335 (Y 45, 7 88%)
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Table 9. AW F&5 &+ 4AH55YH
T ' AR 233 I8343
2 F5FF ) 44 329
A = (F) 15 72
AHE (%) 34 22
WA AF (kg) 1.83%£0.27 1.62%0.29
oAl AF (kg) 11.11£1.35 9.27%1.59
ARZMNA AF (ke) 30.70+2.73 23.87+4.64
AR ZEE AZ (k) 122.27£6.55 130.15+£19.82
A4717H(Y) 78.33*£4.54 104.57+8.65
AdFTR A9 () 149.73+£2.59 173.79+8.23

1170.97+81.31

1017.68£71.15

90kg =EUF () 120.47+4.61 132.29%6.30
A 7 (mm) 11.47+1.26 12.36%1.63
90kg 5A'¥F7 (mm) 8.16%£1.01 8.24+1.23
AR L T8 (kg) 2.37+0.22 -
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20199 % ZARATE A - AFJEIIA

. A= 2 &, A5, JA 4%

Table 11. AFSEAE Ay HA 2 X5 g (9 - 5
+ ® 587 | 2] | A% 4% | Aa | Gooho | @A
il EUY [<)
AE/S5HE |19 8 5 6 0 38
) 5
- e 4 20 0 96 23 143
A 23 28 5 102 23 181
o=/ | ARE/SEE 6 3 0 3 0 12
o1 HE 0 32 0 20 8 60
5= A 35 0 23 8 72
A 29 63 5 125 31 253
Table 12. € AW A 9 X5 &% (&9 - F
€43 3571 A3t H=-4 ek v}y 71ek A
19 0 3 0 9 0 12(4.74%)
29 5 7 2 7 0 21(8.30%)
3¢ 0 14 0 5 2 21(8.30%)
49 8 6 0 5 0 19(7.51%)
59 10 4 0 7 0 21(8.30%)
6% 2 8 0 3 1 14(5.53%)
79 0 6 0 8 1 15(5.93%)
8¢ 1 5 3 20 0 29(11.46%)
9¢ 0 7 0 8 6 21(8.30%)
109 3 3 0 30 7 43(17.00%)
114 0 0 0 13 8 21(8.30%)
129 0 0 0 10 6 16(6.32%)
7 |29(11.46%)| 63(24.9%) | 5(1.97%) |125(49.4%)|31(12.25%)| 253
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Table 13. SA AHTE HA A3 (&9 - 5
o £%57) a37 | 9% 4% | T e
RER}- RS
E ol 0 1 8 11 20
o= | FA8SE 0 11 12 5 28
5 A= 0 0 0 2 2
A 0 12 20 18 50
EZfoliE 2 1 6 5 14
D] Ev’-/ o ] o =
2AH S = 5 2 3 2 12
o 1
= }\c‘)]% 0 1 0 0 1
A 7 4 9 7 27
SHA 7(9.1%) 16(20.8%) 29(37.7%) | 25(32.5%) 77
AFSOAE HANS - A= 3.26% (WA= R,
- SANSE  4.24% (AA WA =dH])
- AE2.83% (A= AAIFUH)D
Table 14. 9 A8 5F (&9 . 5
T & 19 |29 |39 |49 |59 |69 | 792 |82 (92 | 102 | 112 | 12¢ | A
AegFE (12021 |21 | 19 | 21 | 14| 15 | 29 | 21 | 43 | 21 | 16 | 253
HAFFSE | 5 2 8 | 12 51| 2 6 8 8 9 8 4 77
HE (%) [ 417 | 95 | 381 | 632|429 | 143 | 40.0 | 07 | 476 | 209 | 38.1 | 25.0 | 31.9
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