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< SUMMARY >

| EELE | D-02

Purpose&
Contents

O Overall research objective : Development of technology and an IT
integrated precision feeding system that minimizes the adverse effects
due to thermal stress for improving productivity in Hanwoo.

O Specific aims and contents of each project are as follows.

- Identification of physiological indicators to detect thermal stress and
physiological changes in Hanwoo and development of an IT-based integrated
farm management system using these indicators.

* Development of a Hanwoo-specific THI (Temperature Humidity Index)
chart to reduce heat and cold stress.

e Development of an ICT-based real-time monitoring system to check the
operation status of major equipments and devices in the farm.

e Development and commercialization of a smart farming system to reduce
thermal stress.

e Development of an application for reducing thermal stress.

- Development of technology to improve reproductive performance of
Hanwoo cows under heat stress and development of a precision feeding
system for Hanwoo cows and steers.

e Development of technology to improve the conception rate of Hanwoo
cows by promoting sperm activity.

e Development of technology to increase pregnancy rate and decrease
calving interval in Hanwoo cows.

e Development of a nutrient supply model of Hanwoo considering
environmental effects based on the CNCPS environment module.

¢ Development and evaluation of a nutritional modeling system to reduce
thermal stress for Hanwoo cows and steers.

- Development of nutritional technology to reduce thermal stress in Hanwoo
steers.

e Jdentification of immunological changes under thermal stress and
development of a nutritional strategy to reduce thermal stress in Hanwoo
steers.

e Identification of physiological changes by nutritional treatments under heat
stress conditions in Hanwoo steers.

e Determination of nutrient requirements of Hanwoo steers under thermal




stress.
Development and commercialization of a diet for Hanwoo steers to reduce
thermal stress.

Development of a feed database including new feed resources from

agricultural and industrial by-products in Korea for the IT-integrated farm

management system of Hanwoo.

Classification and characterization of the agricultural by—products in South
Korea.

Development of a feed database of available feed resources by region in
Korea.

Establishment of a production management system of available feed
resources by season in Korea.

Development of a domestic feed database for the IT-integrated farm
management system of Hanwoo Identification of species and feed
characteristics of agricultural by—-products in South Korea.

Results

OO O0® OO 0w O O

OOO0OO0O0*

0.

O

. Scientific Outcome

Publications : 16 SCI(E) papers and 12 non-SCI papers

37 conference proceedings

Technical Outcome
Patent registration : 1
Patent application : 5
Copyright : 1

Economic outcome
Technology transfer agreement : 5
Royalties : $ 30,000,000 won (KRW)

Commercialized products : 2

Social Outcome

Extension outreach : 7

Policy suggestion : 8

Academic education : 1 recipient of Master of Science degree
Mass media publicity : 3

Awards : 3

Technology Development Achievement
Quantitative Performance

The proportion of carcasses of Hanwoo steers graded the grade 1 or higher

was over 90% in commercial farms (the goal was 85%).

_10_




The calving interval of 12.9 months and conception rate of 71% were
accomplished in commercial farms (the goals were 12.5 and 75%,
respectively).

Development of a remotely controllable smart farming system.
Development of more than 3 new feed resources from agricultural and

forestry by-products.

Qualitative performance

Development of high and low temperature stress index of Hanwoo
(Development of Hanwoo THI Chart).

Development of technology for real time monitoring of the operation
status of major devices in the farm using ICT technology.

Development of Smartphone application using ICT technology.

Construction of Smart Farming System.

Development of Smart Farming System integrated precision feeding
program.

Development of technology to improve the conception rate of Hanwoo
cows by promoting sperm activity.

Development of a nutrient supply model of Hanwoo considering
environmental effects based on the CNCPS environment module.
Development of a formular diet to increase pregnancy rate of Hanwoo
COWS.

Development of a formular diet to increase carcass quality grade of
Hanwoo beef.

Development of nutrient treatments for reducing heat stress in Hanwoo
steers.

Improvement of physiological and immunological indexes effect by nutrient
treatment for heat stress reduction.

Analysis of feed intake, growth rate and meat quantity/meat quality
improvement effects by nutrient treatment to reduce heat stress.
Establishment of nutrient requirement during thermal stress for Hanwoo
steers.

Development and commercialization of a diet for Hanwoo steers to reduce
thermal stress.

Screening of domestic agricultural and forestry by-products to find new
feed resources.

Database construction of avaliable feed resources in Korea.

Construction of a domestic feed library applicable to IT-integrated farm

management system of Hanwoo.

Expected
Contribution

Commercialization of a product comprising environment management,

livestock bio-information monitoring system and solution.




Development and commercialization of a feeding program adjusting for
ambient temperature using the Hanwoo THI (Temperature Humidity Index)
chart.

Development and commercialization of heat stress reduction technology
for Hanwoo to improve meat quality and breeding efficiency.

The feed database of regionally available feed resources and their
seasonal production management system can provide valuable data for
feed management to local feed companies.

The [T-integrated farm management system of Hanwoo can be applied to
improve the sustainability of Hanwoo production by reducing feed costs
and labor, reducing the incidence of diseases, and increasing productivity.
By introducing [T systems in the Hanwoo production, we can expect
synergy effects that IT industries, such as USN, smartphone, sensor and

telemedicine, can grow and expand together.

Keywords

. Feed
Thermal Precision
Hanwoo Smart Farm . Resource
Stress Feeding .
Library

_12_




{ CONTENTS >

Chapter 1 Introduction Of ThlS ResearCh ................................................ 19
Section 1. The purpose for research and development «=eeeeeee 19
1. ReSearCh and Development ﬁnal goal ........................................... 19
2. Each institution research goal s, 19
Section 2. The necessity of research and development «eeeeeeeee 20
1. %mwd(hdmdmcatdstommw%mm .................. 20
2. The necessity of IT-based Smart integrated management system in
HANWOO INAUSLEY  +eeeeereesssessssssssssssssitietsiti sttt s 21
3. 'The necessity of research for solving the problem of the decrease of
productivity and reproductive efficiency in Thermal sStress «««:e:eeeeeereeeeee 22
4. The necessity of precision specification system in Hanwoo -+ 23
5. The necessity of discovering feed resources using the product for establishing
a database of Korean feed reSOurceS SySHEmm « s wssressersmssssmsssisssisisinnns 26

6. Construction of precision feed library by CNCES analysis of feed resources - 26

Section 3. The scope of research and development «eeeeeeeeeeeees 27

Chapter 2. Domestic and foreign present condition of technical development 31

Section 1. Foreign present condition of technical development - 31

1_ COW Walkmg System ........................................................................... 31
2_ Cattle WatCh System ........................................................................... 31
3. Pushing Feed automatic System ..................................................... 32
4. Feed additive for Thermal stress reduction e 33

Section 2. Domestic present condition of technical development -+ 38

1. Domestic livestock smart farm ICT device operation -« 38

2. Developed Korean smart farm technology e 39

3. LiVeStOCk Weather information System ......................................... 40

4. Feed additive for Thermal stress reduction e 40
Chapter 3. The contents and results of R&D perform cooeeeeeeeseeeese 42
Section 1 Strategy and methOd Of R&D ............................................... 42

_13_



Section 2 R&D Promotion System .......................................................... 54

Section 3 ResearCh aChievement ............................................................. 55
SeCtion 4 R&D Contents ............................................................................. 65
Chapter 4. Goal achievements and Contribution rate to the related fields -+ 429
Section 1. Goal achievements of subject matter = 429
Section 2. Contribution rate to the related fields = eeeeeereeeeeeenns 434
Chapter 5 Application plan Of R&D Outcome ....................................... 436

Chapter 6. Collected abroad technology information from R&D process - 437

Chapter 7 Security level Of R&D OULCOITIE tererrereerersrereereesstnsianieiiinieee. 439

Chapter 8. Research faclities registered in National Science and Technology

Comprehensive Il’lfOI’Tl’HtiOH System .................................................... 440
Chapter 9. Pafamance result of Safety action for labaratary ete. by R&D process =+ 441
Chapter 10 R&D representative OULCOINE  rerresrrersrerressrestenstnnianiniieenn, 445
Chapter 11 The OtherS ............................................................................... 446
Chapter 12. REfErence e it 447
<Encl 1> Management SYStem USEr Manual s, 451
<EHC1 2> Self evaluation ODiniOl’l ............................................................. 501

_14_



Al 173 AFINETA L] TPQ v, 19
A 18 ATINE BEA] o, 19
1. AR HBE I 19
2. ZF 71T O TLEL I e 19
A 28 AFTPEG] T QA] et 20
1 @9od exseds @ A% WEE 4o g4 & 9k A%
FPEES] T QA et s sttt s sase 20
2. F92kdell glof IT 7]wbe] 2~ptE FgelA~ge] By 21
3. €EAEY s nhe B9 A 2 MRS A% BAR S2S
O BF GITLO] T QAL e 29
4 €% 2Ed 20 YOG B8 JUALG Aswe] ey e 23
5. FURAES o] §& AnAd WE % Fwd AR dlolEue] 2
W ARARTE] A AE]D GEE0] T QA e 26
6. HUHAES o] 43 ALEAS] CNCPS #4¢ 53 FUAR
TFO] H B ] TES5 ceerereremmene 26
A 3 ATINH B i sisssss 27

Al 27 FUL] 7] SN BB e, 31
A 1A T 7] NE BT v s 31
1. 9B AJZR B 31
2. Cattle Watch AJZ2E] o 31
3. Pushing Feed automatic A] 2Bl i 392
4. Y ZEG A AZFE AFT HTFA] oo 33
A 278 ZU 7] TPEE BB e 38
L= H4F 2vpES ICT(HREA7]E) A 28 e 38
2. AT BEE ATFET 7)< TP 39
3. TFEZ) AR EAAE] L8 e 40
4. AVR HA7A FEle] thoEst AE 2 A ZFA] e, 40

xﬂ 3%]— Qﬂ_——r’—-ﬁ:z‘sg LH‘%‘ 7.; 7‘:13!,]_ ................................................................ 49
A 1A AT 22 ATF O HPH e, 49
A 28 ATIPE ZZ A e s 54

_15_



00
- 65

A A FATAIT} et

o © © © M © N of O O o A N < — — = % oW o m o = 2
© © © S = o o L 0 oW & O 2y b~ 00 O i Oy A A © © © <
TR e A B B S R B i e BPN(C IO B e N AN m M om m
S ' ON Py S IEEON o 9o I B o
A TR o = X (RN o
: HE iy O_l HT_ 0 o) * X s < =
PR e oy W SVRR I T - RO B I z
R - o - - g ) a3 o B N of i el BT
ﬂE 1_,_A._| K nogn =T AT._._ m oW NEGOWV
o A z G T i i Pl o® el =
L RIT g S R I i 25 E
s [ > ™N —_— =yl OT B e pK o pK < e
- s 2 o ™ ok oo o o b %o K
OB R T R e B, T S N OO TO B Moo
S IS - - N oy i ® i | R
mie M g ol N ~ i =n T i o W R
™ '~ g .LOOT.Z_u.oT o T N NP N N
. BwmER S Midligiaipdi B 3 b T
WM e oy Wmogim__gwﬂ DU A H%HW
e om ok = g oﬂw L w JIO R I S Lo ip DR %
ol T » = P o S — X N o <4
e mael cxpt® R igignic wiei_ Tpw
T C P NEE BT H TR T iR 8
AT NC S - R | R i A G
o AT S - Qi I G- P| I S SN
P o Py Ewlgog il L mS iy T s s MR g
&m_aenm%%%éﬂwﬂuﬂﬁmw%w% d AT i N sy
=S s i YT AAGAE B R
oo A 7 A £ ~a R <] ~ o ool 6 5 o= do
™ o= o = do 5 ] Y oy o o— T = ™ S XU 1H i o= ™
oy X ™ M ™ S - W o N =™ il oF dr ol o} o O T
SRS FEE IS LI R EREL LR,
RGN O B ORI ) S o B o A X B ®op b B
uﬂmeETwr_Eﬂrmimwwrm%NEEzoEmm% "o 2o
BETdQPAFUTRIT0 ded e TR T RS H
MR REAE R F R T RARTOR AT DT EE
— o K o EK < Te)

- 371
371

29

2

I

A Fhg AFRA

)
~

AF5)

_16_

ol
=

7l

=

DB 15

T

k)
pal

oz

A< El O
— 1 =

Al



tﬂo] E] Hﬂo]g\_ :rL%‘ ...................................................................................... 380
b 2AE 7 S R Rk b E AR ALRAR dlo]E o]~

TEZE s 394

‘:r/}. xéxg/\}oo]:/\]/\lz‘ﬂoﬂ &]% 7]_‘:‘0451. E}Q]E;‘H;ﬂ :rL_i;. ...................... 417

6 /\}ﬁ‘ HOL?_} .............................................................................................. 498
A 47 EggGAE 2 FEHFofof|o] J]oJE v 499
Al 18 B FE LA e 4929
Al 27 FTIEOE T O T ot 434
A 5% AF AT GEAIE S o 436
A 67 AFIANA TS S|SB 437
A 7 AFINEA TG HOFS T 439

Al 8% =7l |eS R Bl 53 AqAA AR 440

A 9% ATANAIA Salel] whE A Fo] ebdA] oA - 441

A 10" AN A Q] HIEZA AFAA 445
A 113 ZJEFAFEE o 446
R 2L ey 447
<HZAH 1> AT Y] A AED AFLZF HJTFY e 451
CHA 2> AT TF Q] ZIA] werrrreersreeersesssesseis e 501

_17_



N

SAHAAA 7= EAL O] AT H AP T

ol U},

1
s

= 7lskel A

3. =7Htshrle 71E

_18_



Ho1g dA21EaEe] e

Al 1A AFNE =3
L A7NL HEEE

el el el ST SRS e e s

T

2T T ALAGHY A" 74T

« BREE Yoo PUHE

S4ENE 3 B4 ama

* AENgA - .
TEH T 218 A

MAW TSR oA A
Ha g

+ MFECHEFS AR E Y8
+ =2 J|REn U2 =8
#%]F:E 2T BE@ T 0B

A=A

Ha)l&

mag
Bxacyr Ol ¥
A AAE TP
Al ¥y R H2AE

+ENDE FHS
S#2E A0qs Y AE HE
iE% ACH~ AUEE 1B

L= k.
. -Ia| wE
Y amuEa
( SEASYA HUSP T BT BIP AIY AIAHO WY L M0 )

2.t 718 A4 EE

7h A IAR713 (3= st

D 359 25 2Edf 2 9 g5 ¥|3tE F7|dd AT 4 = TH A% /e
(2) Smart Farming System H&E3& $h¢ Abkde] 53 =279 7|

Q) 2WEES &9 == /g

(4) Smart Farming System <%

G A 1851 (Fdista)
) eE2Eds A B8 A7 J%e FF 29 L DAY A
el

@ IT A9, @58 A4 Azdshe] B &5 A we) Axge) g
(@) e WA FEE AL 7% A

[>

g9 A P 4

_19_



ol
D 71?%§‘r e 3% o5 ~Ed 2 AP Jdsr 23 ek 19
@) 71Fstel e B¢ Jea oA L Aejsty ws 7o
3 FA710l G Aol ojF AT - WSty Axw AN B} 7o
@ FA7101 G Ao A ARAA, 42E D 4V AN 1 7

gt Al 3¥5718 FdiEw)

D = FAHREAHE 9] ScreeningS 53 ALEAY HHE
(@) = 718 AFEAE ] dolHuol~ 5

(3 ALALFA 2HO] A& 7Hed AR golBE g 75

A 24 ATAEe 284

L &FoA 2=2Ed2 92 5 AHSE F7d #AT F U= AEMNTY
284
7F fl AR 2 713389 9 3(IPCC : Intergovernmental Panel on Climate Change)2] 7]

J_?l__
Ao WE A A@8Q2014Dl W2 AF Ht 7]20] 15 ~ 25 C A= A
oz A AT AL F=xo 7s, T, AHAZTAE, o AYH Fxol FEH

FFol d& AeE HAUHE

L} 1906 71H o2 A 100 7F A F HiE AFLEE= 074 + 018 C AE A=
(IPCC, 20073 ®lmate] ¢2uabs 1912 ~ 2008 5<F 67 ©A] HA7|Eo & 1.7 C
Fed ZOE HAEO RLEAAFOE QI I ARt ARS] AAH R FEFo] iy F
Ao R ot

o} o]9} Zo] Ay 7% WMl =
et al., 2012), o]Z <13+ 7}=o 3t ~Ef 29 2]
3 9 F4E AR A dFe 7AH, AAEe SA4% 7]
A3 At HARE S 2 AR EAVE AFEeE o E
7 Feke F= Zo 2 B (St Pierre et al, 2003; Choi, 2010)

gt 53 1 e 7159 € 338 v A A WaElstes 8Q1o = &9
AL A ez HHEs FEIE Zoex XMy (Hann and Morrow-tesch, 1993;
West et al., 1999; Kadzere et al., 2002; NRC, 2000; & 1)

rr

=

ol

ot 2
N
A
lo
>,
Ho
r (
o
o
W
X
'
ot
>,
N
X
i
=
g

#
filo

ol
rlo _{
[y rl
lm

AC)

_20_




Disrupted
Behavior Y3 Behavior
Animal MNormal Impaired
Respons Immunity e Immunity

Impaired
Physiology

Mormal iiar
Physiology [F 58

Heat
Stressor
Mormal
+

| THRESHOLD
-
Feadback .l Ceonditioning
e
|1
a9 1. 2L 2EdH e 9% /&9 ¥h-&(Hahn and Morrow-tesch, 1993)

ol HEEEEAA oA 1 2EdH 2t B X s AHAA FFoE AARLHATFY
A4S ZA(OE 2), o AFF 7L AXdA £5 ¥3, /A 87E S 2
T AL (O 3), S8 TR 49 UL 5% S5 U R A _E St
5ol Raug(Armstrong, 1994)

e

a9 2. A2 9 1280l 49 AR 4 9 3 F%U A4 fAeTE ¢
A mAE FEFMcDowell, A4kl m A= @EH(Larson et
1981) al., 1985)

vl THI (Temperature Humidity Index)& s&°] €3 FE=o 93 ~EH & 1
TR & AoRE FEY JXAEHAE Fo|7] 3t G dHAE
A e E2ZH oln] Qo= FAoA TH Charts 7fdste] LEXE
ArFHelol &83ta A

Ak ol2igk THI Chartes 91=%5< AAE dido= /Eso] o Iy 374 U AIY=

o I

exzEdze U3 Ws)E Fole F2F PPl B £ U

2. Tkl o IT 7]wke] AvtE FAEAl2Ee] a4

h 54

A9 Ao Mol M BRE d9l BE wEHo| ol

1 = =

X
r
o
[
ins
flo
b
off
)
12

_21_



Sol7hy] ole@ =B o] Furge] Wk FUFAAES 4 e b HFo] u3
wl$- doshe] FAHoE nE Uo| wol STBY ARFAALW] AFHI} w S

298 4739

B5)S

T A 305 30~ 30-100F 100+

ot gk g o]y

2011 1629 1375 11.9 | &9 4.6
2002 (14791203117 | 95 54

20013 (1242 984110 81 A&7
20014 11838 79.1 | 10.2 | &b 5%
2015 | 844 703 958 &4 3.8

6 (899 660 96 82 6

1
2017/68 | BH4 63B 94 | BT7 G4

=
T A &4 AR E S ANE FESHeE T4
i

(FHFAed, 2017)

-5 Aabsztel glol 10052 7RG 1005 ©]/d Absshe

WFE F7hEe] BobAx gl FAolW oldd FHE BrllA FEE A U
o

SAAES AES] 92 - ABOE THEe] 45BHS
o

=F
e B s olUd J1&e PEIHAL W F7h Yl
2]

—

2= A Btk v 713A He akles
7 CIA A A e dEstar BRI ITE 57
H 2 59}

3. LE2EH 2 e T A B HEe As ZAF AEe A% @

T 84

R Wk FUL fAAE A WA ASh 58 FEAE Aow 4EA o
3537] 9k A, REEEES AAFEe 7|2 IS A BA FRoy A FAE
gt oA 9] 2mst BAART Z7hSe] wel ouR e FFHFL O S Folof
3l Ao® niy




of. 12719 FHI& FVHE 8 dAS AA FATES ALY 5 9
A A7] g8A 7% sde] "adiH, 1 Al7]d] HAEI JUAALE
o o] Aol Fad =3 WA A ©WES s
3 g7 gk SukE Argkde] el gdo] Zagt

A ER 2L, ALl o8l B9 Ggs 87T 9 AHABo] DAY el B
HS9 7k Flel 2 M AXSE FAPL THITE Lxo] BE Y
28 AZFshE 7120 Aol BWad

4 L% 2EH2O) UG B9 AUAF A2Ee] BaA
k84 99w AL 9 AW G SRl gYL a7 2w
7] Wl oleld 821e mse] FEe| PPk 8TFS FHI A F3w, SulE
P FEFS AW IY B =do] WaF
B3 A FHsE @99 AT 2 A4 ASE /S 2o sl s
Wg G ATF ARG, AmF A4 2L ARALe] G
o @A Tl AL $EAEE SANNUL FHOE B FUYh LTFS 55T
o] met Felsh ARl Pk FFEL AASE CBLAFEE o W A7

Y= oy, e NRC(Nat10na1 Research Counci) % CNCPS(Cornell Net
Carbohydrate and Protein System) S Plud W Fgx P HAYUe &= =
$AA a9E 14E F g Wi 127 9 A7 9o AAH FYdaE 87F H
AR I8 HHEE AANT —’F SR

o Al TS A Aol 4YFAS YRAA




o] 2%
ok 7h=e] ArTlES s w54, At &3
et gdeABE F4

28 gl ARG Al

A
el
j =
Hh @A S99 9FL a7, A
o]
I

, o] A, YUAa HAS AZe FAHUAY A=H

% CNCPS7} 7Hg #&3 ol oS o] Hojd Ao =w Hrwta Qs
Ak CNCPSe 73 &2 »dd(empirical model) w9k ofyel 7|AI &2 = d(mechanistic
modeDE A= o] Alx="o] /e wgERE ofYe} otz gyl f1, EH SO

A 2 5ol Hold Aoz Hrty
oh. §3 CNCPSE @7 &djo] )@ B9 JFa 2739 2|8 BAT + 9
2Re EPHD QY7 B AL P e AEHS JlAe] Ik FFFE

e o ulg f8350 ol8d & A

A}, dE S0 ONCPSE A& a7olA wagEe Ao Zrletd oRews} 2
0C gl AS A AHTO 16%4A ZAsha, mee AS AHTo| ghastE,
sho] £=7} "ojA A ek Aok A, AR 0% oleAA FAs ads Ao
2 923 ONCPS/} nesEd~ AdA vlmad a3 4ALS 33 5 e of
fE AATe BAY o exo W HE, L o AN =EHE A
e R ER

A EF CNCPSOI A e $Abubete] Biol o3 AF A0l we} 4A%e nAsis),
ol AFol FAL4E o ARZT olFaid BHFL L7 Am AH ol
et BEHEE ATAT wE A9

7} ONCPSE 529 §A27%L o2t JolAx 87 &

4=
Do
2L
N
—
—
N
w
SN
o|N
N
S
n (
e

FoAdde _x7

°
critical temperature) 2t} w2 9ol = EH, ¢4 AL1EY
Uz 87%FE 4AE § AR O %
sto] A22Ed 2o 9% §A A
Atz a7 TE9 AEWH, AAY, A7 FA, AEH el <
e Gdad HAJAREY G259t zolo o3 HAAH
AL B E = dFSTL = Gdadte] we AEd
. HA dALEE tAHANA BAstE dEFSIITCEE O ol ARS
F glolA AHE ol A(dietary energy)  LiE7} AeS AR BFHo=
ANZbete 25 waly, olet " Z Hi AT ol E FEo| U

=
o ¥AE = dste E017] A AAFe A

g
B
)
uled
)
rfo of
bl

’

A

. L2 2Ef 2o & FAdUA a7 BAES B HEETt 2058 de A5
ek, 55, $5e 1YY 2EARAF(FELD)H wet AgvE 2AHH 2xa3
AF(FaELE)7t 209 459k 309 AF FAAAA 7% 424 1.3%, 11% 718




7. olZ% CNCPS= &7 w®stE 1ddte F&E9 AAE, ouA a7%FS BAS
o] A W 12 2E#H2 FEHO FES B AUsA AYSE F de VlEs
A&

4. CNCPS& 199156 AA7tA], 2L e, 7«8 ddd we & gl

E 31, H Al 6FoAM= NMELE vestE, oA EF AlA (fractionation
scheme)E stgetal ol VWMo R AR AEXEE MAFILH, ArSHE AZEY)]
£ et AR 34 2 ZJ ?ﬁ_ ol A AAEE AEE FE&HI U
. CNCPS& 9 &¥o] g3t S99 dFdSAZFS 89% HF3] 5T + AAS
(1% 4.
357 y=095385 - 0.1456
23 = 0.89 YeX
bias = 7.4% .
2.1
T 19-
: 1.7
z 1.5 -
; 1.3
S 1
0.9
0.7 -
0.5 T T T T T
0.5 0.7 0.9 1.1 1.3 1.5 1.7 1.9 2.1 23 2.5
Predicted ADG, kg/d
a9 4. CNCPSE ©o] &3t vS9-9 daS5AHF d359 W71 23 Fox 5, 2004)

o, Ed CNCPSE nl% dismad 2 gste 5d7te] 4% 4de Fa 8% 452
AATE A3 ArETUYEIE 24.2% A4S HbA AL 454% FUsE oy, A4
2 2l wjEe 47 17.1%, 28.2% ZATHE 1

H. kAl CNCPSE &83F AUALYG AN 2="o A&S T3 A8 St ARy
S 233 Al AR F e ke 2 A 84S vy =5

1. CNCPSe| a4 A& 4% 4%
AlE Y, A/E] /AR, E/Y | ZA s B EE, '
A& A 2,176 12.5 140 20
N % 1,650 18.2 116 14
% W -24.2 45.4 -17.1 -28.2

=4 Tylutki 5(2004)

W, AT CNCPSE @9 Atkel 28517 9ele &9 5ol mde] ASE 4
Aefopstm, h=mo] AMFEA ) WE mEo] Ao BAsford ¥ ofygt FAFe A

°]§ 7Hsd AHEA ] HlolEuo] 2

TZof g

A7 29

_25_




FYRAES 08T ARAY BT LAY ARAY HolHWx

jmi
o gelMoR Q% BAEY £3Y gat ARG 4B FANAY Feacdos
Agsta glom, F7 AANFOE HE AKELTE /MGl mek ARAEe] ¥E
A Hol, FE FEFNM FUTOE o] ARFo] T4 FE/VHS) F5RU0E
Ag3ta e

U E3 SHARE A % vt Qolee YATYelN AEAE] o gl o}
AaARe] FANE 500 AT U
o g ARARY SR Be Seues FAFRIMLo
B9 AEE R gt 35HEE H98 £Y USRS
o Aol AFE
e AEAgA BT FEYO] gl FAE L #F
7he] Felgrael Qoo @ W oheh, AL F
3 5

2] Fol Hlgo] 289 wali] o]gdH

W

vl EARAES ARURE o8sna ¥ A4S FRe] gl wol 4A FuHw, A
Aol glof BHAIGl thgos st A3 TN FAT A4S B Sl o)
ool H BAME ANk 3

=]
=

A AFLIE A% ZEAE A4 wste] e AW, AVE ARAA] WE
e 2 $F ARAY A4 FFRF B4

of. EF AAEE FYRAEY FRE /1A B AW, AV B Fols}
lomz olfd HRE woleuolastety BuTe AxWE FEs] AGE, A7)
W AAI ARALY HES Golsl T+ UE /W THo] WaF

A BAE £ AR FUE As) F4 57k A4Y Huok 94 2THD A b
Ul AE FARAEY BR, YAF D AR B4 sore AW BEY F44
B 9 A 53} S48 $4S A3 AFE a7

& ]
of Aol At AtmetelB P F5o] HAF

. 713k mel FEEs dEek AR5 Wkl Heet AHAFFAI2FI(CNCPS)
= A% =l ArsAe AbRZ A FEEA O] thdt bl g #hgio] B

th. CNCPSol| @& AgE4e 7|2 I fols gsEs 243 o] dfra
(NDF, ADF, Lignin)¢}t vl 49, A& F7F AlgstAl £4sta, gide] A9 A=
ol g S nich e A4S gHE, galthld, NDICP, ADICPE F-#-3te] Hoh AdatA A
5 9o o84S ddT 5 Sde ZAE AT

_26_




pLe

25ta, 71Fsko] tatel T B £ A9, A7 AR
Ao FF 8 54 B 7Y ARAY dolHuolx ol ul§ Basie, =
3 ALY ZUE AT ARG AzEY TE B Bad @Y AsA holuy
2ol Aol % F23

il

Al 3™ AT M4

1 1IAd=
7F A 1IR3 (A= tiEha)
D AS 9AE 12 2 A=2374 A 2 g5 AF WL
(2) WPAN(Wireless Personal Area Network) 7]&S ©]83 5 RUEH 7|& 7|
(3) USN(Ubiquitous Sensor Network) 7]&<S o]&3F A8k U 7]& 74
U Al 185718 (FEuidta)
=4 AYE FR/FHE AL
(2) ArFEAE g Ao MY AF/AE AR A A=/3EHE dolH 43
() o] A9, AlEE 759 W)

o=
po s wl
@ A8 B &, $5 AFE VI B AN IY2 LTF olF 7% wd A
L=

o A 28E7)® (et

(D & AAMS LE2Ed 2 Ade AT S A8 W ugd

() oM 7] FHste] wE Fda tiAL B "gehE Wa s ol
2k Al 39571 (dehstaw)

D =W FAFAEe] 7 2 ARH S99

@) AzFHH A A4S 5 =W sFFA= AARTER] A

Q) = AEAY FHAE TE

2. 2=
7k A IARZ1R GA=eetan)
D) 12& 9 A3 THILE, % AF) 715 4% 9 ~Eg 2~ 34 ¢gE A
ke
-

2~
He}l tf-&d 9 Ay Z=a9 S 1

gl

=]
(2) THI Chart ¥ AEAZE &83F 7]
594 %)
Q) 2E#H 2 AE 3 A &5 L JE A
(4) ¥4 7HA D Ao] nEg o] A
G) FESAR AHYSE 3 AHZSHAEZ V)&
6) DA 9 Ao A|2" HE AY
v A 185713 SEuEga)

_27_




(2) 1 2Ed 2 28k dA; 2 oafjo} TS A
Q) A AFAAE ABH 2-IHA AALAEs} 2 294=4d AA TR 42 D PHE
=9 2 A4
4 Atz 2 s e AeEe 2Eg 2 A 5 ZIPE o &3 WA Hr] 4A
< B3 Bv A4 9=
(5) 2E2E# 2= WE g9 Fo] By A A

o Al 285718 (AEdida)
D &5 2Ef 2 A7 SE4 Aol 93 I8, 9y #=x Wd 534 79
Q2% 2EH 2 A da APl o3 ARHHAE d44E 2 SEFS5E AL &3
T

gt A 3571 (FdoEn)
(D) AYE 718 AERAYD(EAIE £3D2 HlolE Hlo)x F=

3 A=
7F A AR 1S A=t Ea)
(1) Smart Farming System %
(2) Smart Farmjng System T
(3) 2PEZ R &9
(4) Smart Farming System <<%

Detector
(computer)

=

s

s

—o

Z29 T

Sensor

ot g Data :.;-;-::'I:':.J :g
THE g t:::::;;;;;;;;;:::::r- Effectors
I Wiater showaer n‘
heater
Farmer Animals of
(Hand phone) Confirmation Smart Farm
Wetarinary
Medical treatrment
13 5. Smart Farming System T74%
v Al 185713 (st
() eEzEY 2 e JFs 37 wde] B}
(2) ¢ WA FEHE A 2 EbE dEe A% der] e rls N
(3) BEAETe] FHe B P ApA 2] A
th Al 285718 (AEigtw)
D) &9 AMS] U £ 2~ U FIs a7 A%
(2) ¢ AAol g 7153t tf-g sEE ALEEEE] AT
gt Al 3¥E7IH (Fdista)
(D A71E 7HE ARAR(EALR 23D dlojEuo] 2 8l Aakde] Al=H T

4, 42 A%

_28_




(A= 3
&9 37}
54, neg 9 v
448

el

7h Al 1A RT3
(1) Smart Farming System
(2) Smart Farming System
(3) Smart Farming System
4) LE2E#H 2 Ugd 35

kd

THI

EERAga
Smart 29

chart 83+

TaE YR AW
Semarn Farms ¥HS

Lo i 2
Wil

Spam MR
e ® =S

Hit

U A 18573 (Fediga)
D AL L AW ANRE T3 d5E HAF Vs BA AYSd 2 249 B2 AA,
Ak 2] mE WAE W3k A5E olgF WA AL A4 WA BE 3
A 7)1&e] 4kg3), 483}
(2) 25 2EdH 2 AS A T 718 & b5 |45 - AXMS ALAGA 28 7
9 A=
Q) &= 2EH2 ALS 3 T AAS - AN ADAGA2E ] 43}
SERRNAR) bR <AEEJEBEL
P AT SHE
B g N e 7 peed e Eég;*rg .ﬁ%g ufgﬁ?‘%ﬁgﬁm
PR PR 7Y Mogel Farmol A
H&Ja ¥ \NIE AlAH P g
e EHE Vo 5B
Eﬁiiﬂiﬂfﬂu .-“.Ji Lll‘i EE;“E Tiew
ETR1]-1] J'Iu"l'tE e EE'_J'-TA!I nniﬁrw _
o Al 285718 (Medigtw)
D) EE2EH2 A48 Al 57 A5 49 3 383
(2 &7} A5 A3 1 ¥ TA A F, 2EH 2 W AY AFE N &3 A

_29_



i 7y ACH lobin, SAR
17 7 O SO0 BV = 7Y e, Eﬁ."é%m 'r:.

=3 A*‘-H‘BB& = A-tl_ln:
a2 o _l l o OE NN
— Buffer M. Miacin &7t f

e

B D242 THI
EMAM HRE HE]
20 38

25 A=~ HU
THEI00 [HE ey

Enom A=

Ecasua MY s
WEEER JE -

- — _:

p— ..
- = ACP = poute phaze protein
* SAA - sarum amyioia &
ILE « interleukin B

g
2t A 3¥E7)E (FLdEw)

(1) CNCPS A& Al=" /M-S 9 AlsAY golrge] 7

(2) CNCPS A& &4 4 A

(3) CNCPS AF9RA| 2”18 2 ALEALY ALEAEFE A2

(4) =431+ ALgA-Y DB A53dte] CNCPSAEAA 28l S o] 88 4= Q52 7t

=8 uUs

Alg XA Tl B
ups . BEE MEXE

OB forA| g2 = i XE AN
G Atz 2poleia) N

x| oy Al 7]E P

718 Afm T3 i
DB M| %} /4
(FMEEM 4

_30_




H 2% =Ll 7|s71E g

A 14 =9 7leAd A3}
L $8 A2H

O U449 AAQ FAEATS0] AREo] AdidA THAZS 2FHLAZ TS PZiH
o

Ao 2N i BAYAIE FTsts Al=E

ANALYTICS

O AAE A3 £5% 2L 59 2EMY RUHY A28 B AT &
# A

FT 5 BFeT RUHYS = Al2H

=)

_31_




- CEMIE’W&[C h‘ Ineseasing yield by 25% while Reducing cpermlional cost by 15%

Taking cmre of wyoarf fFond 7

(E2g B89 Y

Au)
o
>,
[»
)
N

3. Pushing Feed Automatic System

O

LELYSH Ad o 4XE 45402 ABE WolFoH 4Ee AR HHAE ¥

A Are G483
Aol dulg oAls 1

29 A% Al 9ol AT AUML FAFORH 259 AZAUE 214
=

A

_32_




e e ] e =

@ e e CR T T SReTE T L S L

&
Lely Juno

Pushing feed automatically, day and night

ABOZ AEE FolFE A2

4. TH=EHZE A& AR H7HA
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ed/dairy/dairynutritionaids/thermalcarer

o e
[SESE

2]=r3]A}  Japanese underwear brand Gunze Limited®} Kyoto Prefectural
Agriculture, Forestry and Fisheries Technology CenterolA %= o] AH|ZEL& AoA
HAYA SEZ2EF 2o g AEAE YR B9 oflgt FU|E s AdE
7A sk &35 YeERd http://www.trendhunter.com/trends/prevent-heat-stress

_35_




O 9=rd A& g Z
TR H E2EY 2 TS WS H¢ AFEHOZ ATE HAAM AAA
=]
n

o7t BAH G Wi AL Ak AV A ALSHALS

St University of Missourioll &= A72lE0] /WS of&E 4
I~
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http://www.marketwired.com/press-release/kestrel-helps-beef-dairy-cattle-indus

try-minimize-heat-stress-losses-with-three-new-2172277.htm
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EY 22 <% negative
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Betaine, Electrolytes and Minerals, Sugars, Direct Fed Microbials, Gladiator Yeast
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http://www.hubbardfeeds.com/product/thermocad-heat-stress-pack

Lallemand Animal NutritionA}¢] LEVUCELL® SC+= live yeastE F AES=Z &+
feed additivesZ4], effect on further helping to manage and limit the impact of
heat stress on rumen function and digestive comfort, whether under severe or
moderate heat stress7} 733
http://en.engormix.com/MA-dairy-cattle/nutrition/news/new-study-shows-that-t19517
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713 G4AQ1 Gl tracts FA8H7] 8, 28] T2AEHAEAHANA FoE A3
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spray-dried, autolyzed yeast (Saccharomyces cerevisiae) product
http://www.biomin.net/en/products/levabon/
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http://www.biomin.net/en/products/digestarom/
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< FTo A Thedr8A8 A TF Aol 1 e 2E#H 2 A
S52 FFFORA YUYs BTFIYL H2ATE AFY

http://www.morningbio.co.kr
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2. BeoA LE2EHL B HF WHE FArd BAY 5 Y: AE
AL D AEE BEF T 79 5% 2w A2" ALTE1 AR

D 2E=2Ed2 38 AYAE 9 P35 ZYE 35 AA 24
B AFE F3gst7) dA] 9o Lx2EF 2 #E AEAE 9 dF5 2UEH I
25 AASH7] fs) 5l 2 19 APAT ZAE ST APAT ZAE F3 Ao
A ex 2Ed2 BE YYAE W 2 Y5 RUHY FES g F 11 F 1-29)
2okall g
D 2=2Ed 2 #d A F Wl g &5 A AL
B AFos &9 2E2Ed 29} dHE U9 AF=Es ALY 85 7Y
Blgo] 7bed HHAE FEL X 1-19 Lo] MAAAS
#F 11l RE2EdH 20 mE AYAE |l g dPAT A
e s . Response to
Classification Item Species Reference
Heat/cold-Stress
Heart rate (HR) Holstein cows Increase/decrease Zimbelman, 2008
Rectal temperature . Zimbelman,2008;
Holstein cows Increase/decrease
. [RT) Ozawa et al., 2005
Behavior
Holstei , Zimbelman, 2008;
Index Water intake oistern cows Increase/decrease imbeiman
Goat Ozawa et al., 2005
Feed intak Holstein cows, D p, Zimbelman, 2008;
eed intake ecrease/increase
Goat Ozawa et al., 2005
Hematocrit (PCV) Dairy cows Decrease/increase Belic Branislava, 2010
WBC Dairy cows Decrease/increase Belic Branislava, 2010
Hematolo Hemoglobin Dairy cows Decreasefincrease Belic Branislava, 2010
gy & Beef cattle JH. Gutierrez, 1971
MCV Dairy cows Decrease/increase Belic Branislava, 2010
Platlet Dairy cows Decreasefincrease Belic Branislava, 2010
Sheab-El-Deen et al,
Pl Glucose Heifers, Cows Decrease/increase 2010;
asma Wheelock et al., 2010
metabolites
Creatine Holstein cows Increase/decrease Schneider et al., 1988
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Albumine Dairy cows Decrease/increase U. bernabucci, 2005
) ) Sheab-El-Deen et al,
Cholesterol Heifers, Cows Decrease/increase 2010:
Steer, Heifers, Sheab-El-Deen et al,
BUN Increase
Cows 2010;
. . . Toharmat and Kume,
ALP Holstein heifers Decrease/increase 1997
Cortisol Holstin cows Increase/decrease G.I. Christison, 2004
Plasma
Hormones Insulin Holstein cows Increase/decrease Wheelock et al., 2010

B ?i?% 783 sh7lel $A 2E2EH Xz WE AYAZGE i APAT 2

Ay AT ﬁTJrc’ﬂ H2d AYAE T HEACE HAMET £ Fi,

2] %7, Glucose, BUN, Creatine®] =7} @ 242 53] 399 ~ 7}

g2 Adgsdn. =3 d9 W 7HE S5 Adstan s €Y W 2E
2320 Cortrisol& @45 o] &8st 2EH 2 AT ARE HEe =

¥ 1-2. LE2Ef 20 & P& A3xo g APdAF 2

. Response to
Behavior Reference
heat/cold stress

Standing (71%) increase/decrease HILLMAN P.E, 2005
Walking (71) increase F. Lopez-Gatius, 2004
Lying Down (& th decrease HILLMAN P.E, 2005
Lying Flat (¥ =gth increase HILLMAN P.E, 2005
Eating (|t} decrease C.T. Kadzere, 2002
Drinking (&%) increase C.T. Kadzere, 2002
Rumination ({+5=3147) decrease Braun U, 2008
Tail wagging (28] £&71) increase C.T. Kadzere, 2002
7)€} abnormal behavior (23, Eo]¥-S) increase Price et al., 2003

2 ATE st AAE 99 E2EdH 2o BE FFARE FES F 1-20] AA

PEATE AP AF =ES5E 53] Standingl¥® 319, Walking(2= =), Lying
down(isth), Feed intake(AtE A F ), Water intake(S<%F), Rumination(¥F5 3159
s B4 5 BEUHBLS EUHY Axgo] FE5Eo PFAFE EAo] T}
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o AYE A4 E Y AR AF ATEH

ASEA S e 9 2EH2 AR AHILE dolR7] 9t ALSHA2Y, 1
), FAEU €9 283 A5d (7€ st 24 AP A3E v e
om  ZF AEY "GAY & FEEF 3AHsY THI AFE SAHSA
31,(THI=1.8*degree+32-0.55(1-RH/100)*(1.8*degree-26), J.Anim. 2010)&}& 20 ml
syringes ©]-83td AWM 2AH AR MY =@ XS ¥4 tube(BD
Vacutainer CAT) 3 A& tube(BD Vacutainer Sodium Heparin)& Ap-g&3ste] 24zt 5
THE EY3ds. 92 AE AAF 4° Col B, A4&2713,000 rpm,
20 min, 4° OF co]&3td FAHEZE AHASAS EEHE ¥HL2 -70° C
deepfreezerel] R#3}S. CBC(Complete Blood Cel)Z A= HM2(VetScan HM2
Hematology System)E ©o]&3te] A& 2 Fo] 43133, MPT(Metabolic Profile
Test) A= 3-8 7FA a1 Blood analyzer(Toshiba acute Biochemical analyzer)E
o] g3l EAMIHS. 2EdH~ A AFE 282 Cortisole EAHS 7HAIL
Bovine Cortisol ELISA test kit(Endocrine technology)g ©] &3t EA3lHe. =
< Laboratary forcepsE o] &3t 49 Al oA EEES 1.5 ml tubeol] =)

#8598

>

e FAEA
Ad Ao gk EA AT+ JMP 5.0 2138 o] &3ste] raw datas EUIE
student's t A Tukey HSD HAE o]&sted PL0.059 FoAd& Fi SAAE

& 4Astae.
O 43 A% R w7

« Complete Blood Cell count (CBC) #4]

Y AREAE 25 ¥ F5 ¥dto] & CBC 4 A3E A¥EY A
2 3720 4ol nlE 12¢€ =& 199 WY, a4y, FuEIZYE
=4 YetE A4S JeEbd ZAo® Hol AHoR A o wrl HF
Hlgle] 2EH2E AA ¥e te A T AUAJH. AT 12 tE

o) Ashi 499 Adsh frelHel Hole

o oy
\]Oﬁﬁ
2 N

_69_




413 b

o

ll‘

AN

WhC Platelet
s Bmas §LEE . hefer

mse waf = heife

"
|
= L]
ab 1
a o b =t
B
8 2 . x40
b |
i
A =0
‘.r. ) I .II 'Il
]
s
1 1 i T

i

=

B sEE=

-
e ] R kftul )

=

e

Coutt]E=18 wfdn]

[
o

manEk Monih
Hemoglohin Hematocrit
pEes poaf glefs 0 m=ee goaf g
| E !h | | | t I III I
w i 4 i
Mort Manth
-1 @9 42948 25 3 4= Wsle] e d¥F CBCEA A3

=i
Solsh AAS D WA Sol ol 12, 1, 4, 78S vlwshel PO05] §51%

e 29l

tlo T

o T "rHE 24
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Manth Masith .
Creatine w Stewr ® Call
g" " | :
E H
% 12 B90 AREAE £E % S5 Wl mE 2T UASEe] B4 A3
b= Fopx) ol AM Lol olA 12, 1, 42 Hlwdte] P.059 FolFES YEhd A
(o]}

e ¥ (Cortisol 4

&= cortisol 4% A3, 5AF foats HolA ¢kgkou) AM$-<

olA, WA A 18 BF 2E#2~ B 528 cortisol X7 HHEAU
%

% <
Dol vl AL3A412, 19)Y W =2 FXE el Aoz AJAFAL. 9]
= 99 AAGA #AGle] B met HZ FAY u B A3l A
Z2EGAE ¢ e ge 2342 Jepd S 9L

Cortisol

mEEer §CaT m el

m
e
o, m P k

a9 13 390 AAGAE 2% g F= ®iste wE FF cortisol®] A AT}
AYATES B A2 9 1 2E2E B2 7SS AR ARl A

2 WHIE B3 7HEe AAES AaAxIta Rad wbrb ls(Young, 1981
Kadzere et al., 2002; Fabio and Rex, 2003; Honeyman et al., 2010).
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A% "F tAMIES 2Ef 2~ 2 #Q1 cortisol ¥4 1831 ML o]&3 CBC
23 s G4 HA ez Hls A2EHA ALSHdd 2EH2E ¢ ¥ AL
2 UERAT A g 7HA &l ofste] FFsiA 2EHAE WFshA &ALl Sl
= A %S okeE AR A7 BEARE #42E 8§59 W
of W AYAZE WEo] FARS FAT F AME WA e B Aedd X~
Efs BYEY S U YHOE 54 Holof & ALCE AEd

b A9 25 5§55 A3t e AR 3 Feus}t =4

O Ax ¥ W
o 3N FE  AAS 12-13704 %) F 40F
o AN AL FREAYHVIE XH), FRAYEE AP, FEAGEHE BR)
ol WE AGE &, §5 Zold o3t YA xWI}E #HHsr] st HH
A= 23H), THEFE AP, eFEE APHAFeE Yro] MELHES AAS
R
o A3 WY
Aol g Y 2EF ARX WIS doti7] fste B, FF, FRA
Hqo] Zt @7 AAE Hlusgen ZF MEY IAY &, 55 FHGHA
Temperature Humidity Index(THDY #t-S o} &) F2]S o] &3t A4etd 2.
UTHI =  1.8*degree+32-0.55(1-RH/100)*(1.8*degree-26)  J.Anim. 2010 %
=

gl e 20 ml syringeE ©]-&std AATMoA 2H A AP A A
dAGAHE FHBD Vacutainer CAT)®F A& FE(BD Vacutainer Sodium
Heparin€ Ar&3tSls. AEH dH2 A A5 4° Coll BAsGa, dAE7]
(3,000 rpm, 20 min, 4° OF °]&3l BAHEHE AASAT Egd 4 &4
A7kA -70° C deep-freezerol] E &3] FU <.

CBC(Complete Blood Cel)# A= HM2(VetScan HM2 Hematology System)E& ©]-&-3}
o AE FFo AR, EF OAME 42 @& 7FA3 Blood
analyzer(Toshiba acute Biochemical analyzer)Z o] 83&to] 24319 S

2EY23E X FE g=2E<2] Cortisole &3-S 7FA 2 Bovine Cortisol ELISA test
kit(Endocrine technology)$ o] &3t 241319<S-
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2Ae Axto thd EAAE = IMP 5.0 TE WL o] &35t raw datas EUE
student's t A4 Tukey HSD AAS o]&ste] p0.059] FolAS Fi SAAE
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O 4% 2% 5 %

124 E5(xH) $RAS)
7=, 97]2=(C O 6 (-4.6 ) 3(-1.7)
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14 E5(ZH) GRS
2= 0O 5.7~8.8 1.44
A5 =(%) 22~26 71.91
&4(m/s) 0 0
THI 43~46 41.7
WEC Platefet
it
) Egion ) Region N
Hemoglobin Hematocrit
15 l _ B
Region . - Aegion

E 1649 AF IA AR 2, F= D TH

49 FTHEAHP $E A
2= 0O 26.2 25.43
s %= (%) 45.3 34.49
Z4(m/s) 0 0
THI 70.2 69.66
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T19H1-6. 49 AGE 9 AAS-9 CBC &4 23

B oAge Selue (o) BE exel FEatold] meh B9ol glojA sEH A
AEIL oA WasHEA] el ASHAL. A9 FolB TS BE, F
BogR A Adem Wre Ae@n M 2K 4¥e WAL

12-1374 9 8] AAS YolA el AEAlE BF T A% B, G YoiA]
971 ewe] Aol Bol WAT B7b vlo B, oAl BaA TH A5 184 2
Aol7k UEhEA ghe. olel wek 29 Aele] QoM 48 THVE & 2ol
A AEd2E UE AT HHUD RAT TR 493 Aot i 4
2. 9 Ane BT SA Y BHE AHOE HEHPOon AEdAAE TH
& RS 2 oIS Holw 94 BeE % F AUE. olelP olfE LEAEAL

T AYAE gel MEtE AolE HolA Fdes & UNUE

(3) 3¢ oA AojA & 37 THI Chart 71

2 A7 5ol oM E2EH2: A&7 2 5 A= ¥ THI chartE 7}
Fst7) St 2, 5 23 9 YT BUEHC] 73 A AWE o] &ste] HY
S AN B APBdAME 2, 55 M 399 A Wt 9 P W
35 RUHY Fog Brp &S 2E2Ed 2 A3 AU
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O A& 71zt : 20143 6€¢€ ~ 8€
O AR Fol : AB/IFEL FIE ABE FFARGAHAES kg 2 2AE(E

BA] 2kg)E oby (08:0003 A4H(16:0000] U] g3ttt g Atz g4

e ®w 177 2.

3 1-7. Chemical composition of experimental diets

Items(%) Concentrate Timothy

Crude protein 14.59 8.11

Ether extract 3.47 1.51

Crude fiber 9.55 29.51

Crude ASH 6.38 6.32

Ca 1.24 0.39

P 0.44 0.2

TDNY 74 61

U TDN:

Total digestible nutrient

4

d2 g7 AErI=2 yro] &3t al(Arizona Uni, 24 THI AAAF
Z(J. Anim. Sci. 2010. 88:4056-4067) &N AH-g7] vpA| et 23 27| 2¥A,
A gell QS AAsIRew Ay wpAe @l 4R dol
CBC(Complete Blood CelD) #41& 913 AdS APsA =

A2 FFAE Fo AT F0 24 114 A& AAsEH 2™, cortisol 2
= gARHE 248 9sle] &% 5 H(BD Vacutainer CAT)o| Fol A& 7]
(3,000 rpm, 20 min, 4° COF o]&3l &2 3 ¥ -70° C deep-freezero] X3}
QS AYL HM2(VetScan HM2 Hematology System)E o] &3 CBC £4-& AA|

it
i

==

=

2

oo %2

Y

W

< AP

AgeTs 9 AEJH AR A&7 v G AEly] 29, 494
dol o 1140 2138 A% LEAE olgslel 281 ARLEE 34849
& At AZ7E 01835t MY o 104 30% g bgE Fel
A ZAEPom, AFRTAA B 5SS S0

2, FEE sensorg ol g3tel AAow FYH] AFH ARHEF su
P ZUHTY IA 145 camerags ol&d 12T =E AAst] ® 1-29] 3

J
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13 1-7. The photography of metabolic chamber for experimental animal
O A3 AA
Ad P oy} 22 Ao R O91-T9 o] &, 5 4 ¥ dqF EYH
Fol 7Hsd tAb AuolA AAEAL.
Group 1 (47F) - F 11448
Chamber adaptation 3¢
2E (23%) = NS A& N&71%
22-24 = 60 45 FA 49
80 45 SN(ELFAHS) 49(14Y %)
19 F2AGEHA L)
Group 3 (47F) - F 7448
Chamber adaptation (7€ 16¥) 3
2= (30%) = NS A& AN@71%E
29-31 = 60 47 A 49(19~22)
19 FA(m g 2)
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Group 4 (45F) - F 7940874 24%)
Chamber adaptation 3
2% (30%) = NEE AHS A&7
29-31 = 80 45 FA 44 (27~30)
19 F2AHHA L)
Group 5 4F) - F 7948 B8€ 19)
Chamber adaptation 3
2= (33®) = ANEF AHS A7zt
32-34 = 60 45 EA 44(4~7)
19 F2GEHA L)
Group 6 (4F) - F 7dx2 84 99)
Chamber adaptation 3
2= (33%) TE NES A& A @73t
32-34 = 80 45 A 4¥€(12~15)
Group 2 (4%F) - F 11¥48
Chamber adaptation(8€ 17¥) 3d
2= (26%) &= APE A A@71%k
25-28 &= 60 45 A 44 (20~23)
80 45 SAN(ELFAHE) 44 (24~27)
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13 1-8. The photography of behavioral monitering in metabolic chamber

b As 2 2
O THI Wslo] we go) u A% s

3 1-8. Changes in blood physiological marker related to heat stress with THI change
_— THI

Indi -\_H""'—u.\_\_\_ Tl .z Td.22 TES51 7O.04 B2.92 405 ary2
cator —___
H..IG?'IT.J 5154 .06 AG.TE =477 T6™24.31 66.33%4 358 52257 :2.66 SRS 66,50+ 421 6752193
L]
if’;z NTYIL0.BS 1992091 0.5%:1.1% 28254075  F1pSds0a8  22.259:1.11 17.75ﬂ A 25005 2,04
MERSE  Npa  n262med6d L o oo 1305504172 236289422 18895%iA20 14BOSVS3N0  0APRISI 78E3I41626
(bl 2 ! : 4 7 4 1 L] 3
C
(nasdhy 735152 7091324 6STIALE  T2M:185  69SR:ne0  S67elas O TC 7624
(L) 114:2.07 1153+ 165 155+ 1.7 14.45+2.05 10112159 11844017 BTAx L0V 1L1IR:2.34
Hematplogy r:r';nl] S 79MLOR T.66"s] 14 1185161 11 5%+ 169 B L] 58 408710 4R S TE TIEMELTS
Ml 2302512853 22475:4638 15758 226523222 2153309037 anserase ST anaisneg
Cortiiol A2 0,68 G.ITT 044 6.23%:0.82 AGIY41.53 BITEE0ED FI5 104 15924162 17.09%:LED

Hormane (o, sy

- Values are expressed as means = SEM of 8 groups, **¢¢ P<0.05 by Tukey test
- Abbreviations : GOT, Glutamic oxaloacetic transaminase; GPT, Glutamic-pyruvic transaminase; NEFA,
Non-esterified fatty acid, WBC, White blood cell; Lym, Lymphocyte

- Metabolite

MEFA

GOT, GPT ——o
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Glucose

1% 1-9. Changes in blood metabolites(GOT, GPT, NEFA, Glucose) related to heat
stress with THI change

- Hematology

Lymphocyte

Platelet

1% 1-10. Changes in levels of blood WBC, Lymphocyte and Platelet related to heat
stress with THI change

- 2E# 2 Hormone
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Cortisal

f%a 07104

13 1-11. Changes in blood cortisol level related to heat stress with THI change

O THI ®3lo] W2 ~Ed 2~ B8 YPFAFE ¥}
3 1-9. Changes in behavioral parameter related to heat stress with THI change

I.-I.'.-I s TH[ Mg FLY raxg ey B [ FR ¥ B B
-';H [- e ] B L4 ETImELT (R P k] B Il 48 gLl B rI=:0T1 i
|::|I'l 1 i 0 T T s LT FENLE R FER g BB .01 3 AR 2 I ALl e i3 Bl i
-I-D.:.'L"l'ﬂ J iyl i i 8- EIiRE Franpia 3 mpns 1, ol i s 1 REpD i 1T eliE
Bty :;: AT TV raf s d Mrresiify T ITeDIm It 3FFEEDT HE ] HTTerlm
sul'::' e b ] SRE F%E D e TLipd L 1l B8 ER [ R | gt B Err b R H
1:: Tl B 0 B GEs g i HEEE 1S L JEP O FE L THSE -] TR E i b AL L
e LB g EENL] IEATEE 1 haraL) AN LR LHE LR S0 PrER At

- Values are expressed as means + SEM of 8 groups, *™*¢ P<0.05 by Tukey test
- Abbreviations : HR, Heart Rate; BPM, Beat per minute; RT, Rectal temperature; Feed, Average daily feed intake;

Water, Average daily water intake

- Behavior

Heart rate Rectal temperature

% 1-12. Changes in heart rate and rectal temperature of Hanwoo calves with THI

change




ed intake Water intake

% 1-14. Changes in standing, lying and rumination of experimental calves with THI
change

3} 3

=
=
[}

-

B AT 3 FolA o QojAH Z22EH 2 G 2EH A AFE AR
3 JYHAS. A AF=HAD oA el THI Chartele] ol d-2 fF&Fa 22
19 dataZl FolAdA = 7] FE7] wWwod ) Az} PFAE F9
E o|&3ty chartE 7HEete=d ol &3S 2Ed 2 GA= T Ul 7HA @A
U2lem THI 70-74% stress threshold $ @A, 75-81-> mild-moderate $ =E#|
oA, 82-90-2 moderate-severe 3 2~E# 2 T, 91-99= severe ¢ AEFHAGAZ
. ‘&ﬁl* UrA ® 2= stress threshold 3+ ©hA ol A /}j“i}—’FA F217F 609
3 ¥ Y metabolite X321 GOT<} GPTE F7F, 18]lal & =71 39 Co
mild-moderate 3+ TAIN A= AlvrEr) 71704 718 o H, X%PLJJ} 39.5
Coll =233 <. moderate-severe & THA A= b7t 75714 7t o, 242
E7F 40 C 7HA FUhetal, EF 2Eds #H 328 AR FHEY FEVF 794
o2 F7Fe+. severe & @AM = AwErh 857HA S7HE Aom Holw AR
T7F 405 CT7HA 71 Ao g2 Rl Add THI Charte ofzff 17 1-159 25
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13 1-15. Development of THI chart for Hanwoo calf
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H §-9-o] Qlojxl 112 37 THI Chart 7%

2 A7 I S oA F=e AFH ZA 7| L2EdH 29 A®V}
2 7 e &% ¥S58 THI chartgE 7WEstr] 9ste] AAstA . ol8ld ARE
Mdatz] st g HS59-9] AL 2EH 20 43S BUEE ] 7Hse A A
o] 7h5d FAA AFE AAE S B APdAe =, 50 w99 A
g7 9 P53 wslsE ZUEHY FoE Hu AYF DAEH X A4S BTE)
o 31 37 THI chartg /Mdsta A5t 3192
b As B g

O FA & : 3% v5% (12~1371€8, HHAlF 3131 £ 5.02kg 45

O N3 A4 Agggty F&5%

O A& 71zF . 20159 7€~8€

O A& F9 : Ag7|7te Fodts AlsEE 24 TMR 95 xFol oAse] 13y

stttk B Agol A& TMRAIE S AES & 1-139 &

O A& A3 4

» APE A7 A@rIzte® viro] X188k aial(Arizona Uni, A4 THI A

AAe ZbZ(]. Anim. Sci. 2010. 88:4056-4067) ¥R AFA7|F F &, &5
a#ste] ddE THIY mel s A=

s JYo 2% "l Hmof o3 2EYHAE VP Wo] TS AJ™Ql 1440 AAE

fom, cortisol ¥ EF thrbE EAS ¢t % FEBD Vacutainer

CADel gol 9A1E8~71(3,000 rpm, 20 min, 4° OF ol&s) Eg 3 F -

70° C deep-freezere| X #stdoh x¥LS HM2(VetScan HM2 Hematology

System)E ©] &3] CBC #4& A%

AredH e TMRAIZE Y ANA A7t 3FSAFT R0 o Aste] Fos}
=

52 ST FAR 4HASA shel Y oA 8Ad =4

o

o E AHATF IA Y 2d 8Ad JoAFE AAste dd HAFES A=A
R

Ao g AzZgdy nf/AE & 55 185 1449 &~ AL A
LEAE olgdtel 287 YBLEE ZANAG. ANGrE AUE olF
of md 144 302 Huig <A F&FolA FA AW, ATl A
F tETE SAHEN S

4T sensor® ol g3l AR FeHo] AFE AVHES YT
s EYEY 9A 14T cameras o] &3 12D E At AFTARE
Er
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3% 1-10. Chemical composition of experimental diets

Item (%) TMR
Crude protein 14.4
Ether extract 34
Crude fiber 38.6
Crude ASH 8.4
Ca 1.1
P 0.5
TDN 69.05
O 43 4A
AY AP ofs} g AHOR eE B YT RUHT] shsd Sl A
AN B S
*eEs} $EE SEuE AN & FE £ EOE 4ydgon &
E3A S WEkste] THI @<= WSAZ7] &l S5 AALZ060%37 1133
B0%Lo.Z A3t Y33 =
L2743 - F 10¥948(7€ 22¢ ~ 7€ 31¥)
adaptation 3¥
2=(° O FE% AN@F ALE N&@7I%
29 ~ 31 60 45 FA 7o
= 148 - F 1294808€ 19 ~ 8¢ 12¢)
adaptation 3¥
2=(° O F=(%) NAF A& AN&71xt
32 ~ 35 60 45 FA 9
He 4% - % 109226€ 31 ~ 99 99
adaptation 3¥
2=(° O FE%) ANEF A N&71%
22 ~ 25 60 45 FA 9Y
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) 23 5t vz

O THI ®3}el w& &4 W Haematology %3}

¥ o= JLATE -« 2TT. S

WEBC Platelet i e
20,00 ¢ ¥o= 08« 13N B0
| R'=0.7T8TR
oo
1500 p .
= | i wr |
i woo b - E‘ 300 |
0 l’ i
g . S w0 |
500 o
[ o -
Lo 1]
T5.21 5.2 .o BE, 14 ¥l.16 ®4.19 ™HH 75.23 e B0.14 ®1.16 R19
TH THI

1% 1-16. Changes in blood WBC, Platelet levels related to heat stress with THI
change.

¥ = 01270 » 0448

Rectal temperature [ = 0,548
B o
gn
(-8
& 1
3
s o
£ &0
=
T 56
5 i - - . ET) i - . .
L 7SR 7B B4 B1AE B9 A 753 TIOE BOAA BLIE M9
THI THI

19 1-17. Changes in heart rate and rectal temperature of Hanwoo calves with THI
change.

Feed intake ¥ = BIT R+ 14965 Water intake ¥ = 455200 + J5.508
R* = 03813 ine i

=

I

W

Foed intake(Kg/day)
5
Water intake [L/day)
E & E BE 5 B B

5.2 7521 ¥1.98 w0.14 H1.16 B415 5.2 7521 ¥1.98 w0.14 H1.16 B415
THi THi

1% 1-18. Changes in water and feed intake with THI change.

O THI ¥3}e] w2 dH U] metabolite W3}
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Glucose {mg/dl)

¥ = L2y« TRLIET
B = 05430

Glucose

BUN (mg/dl)
£ &

-r

¥ = 2152+ 15683

R = L0

F1.1% BA19

13 1-19. Change in glucose and BUN with THI change.

O THI ¥s}e] W& &

o Y cortisol W3}

Cortisol

Cortisol[ag/mi)

S B k@ & WM OB ~ @

e £0.14
Tl

A .23 3116 BA.1D

173 1-20. Change in cortisol with THI change.

ol
=

O THI W&ol w& &5 position X REF31+ WS}

Position

Rumination

g

PEREE LI ]
n' = a0

= 3 & B B

Fe Ml PR3 FROH B

a9 1-21.

A=

A,

ortisoliﬂr 5 position, HF5=3 ]l =
SHAZ YFRoH THI 75-77+ stress threshold
78-81% mild-moderate ¥ ZE#H 2 ©A,
85-99= severe ¥t 2E#H 2 BAR YT

FrR 814
THi

L | 1523 .

uenisaties || Thi sumber of tim)

14 #1014 8499

&3

ol QoA I IEY

data7} WS-l A=
o] &3te] chartE 7|dél=d] o] 835192

FENAE 7|8 A 2 g 3t 0m,
A FEFE 71AA

=

=

& 4| 7HA
82-84+

it SAE YA

1

P
o

)
=

=)

T

E

LLE L

Change in behavior position and rumination with THI change.

gol Ao ~EH 2 A5
CAE ATrEYe "ao|Ae THI Chartebe] =po] &
A7) FE7] Wil PN 2 xe}

3k

B

°

o -

=
T=
PSR

o

moderate-severe gt
A=

stress
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n % Palative Humadicg
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e FotA o AR2EH 20| FFS BUHTC] 7Hed HAE A
5ol 7hs@ AbolAM APE AASHE. B ARdMe 2, 50 we e A
217 8 A5 WMIE BUEY Fo2 Ho QA3 ALiEHs s dHE)
of FF IYE AL 2EH2 ARE LT F de ZAE AANFAST
b A= 8 WUy
O FA & : & FokA 6-7/M€LH, FHAFT 220kg) 4F
O A¥ Azx: A=dista »&5%
O Ag 71zt : 2016 1¥~3€
O A= Fo : A7l Fsks TFAREEAE kg H ZA}E(FAEA]
kgi= FrElu FobAl ZRIOFC oAst Fosth SRS FdL T
& ®1-119 S

3 1-11. Chemical composition of experimental diets

Item (%)

Concentration Timothy
Crude protein 18.19 5.81
Ether extract 3.66 0.74
Crude fiber 9.85 39.37
Crude ASH 7.41 5.01
ADF 12.08 39.03
NDF 30.63 67.38
Ca 1.05 0.1
P 0.46 0.19
O AT AA B 24
o AP ALZVNH ARV E o] ds a(Arizona Uni, 24 THI A4
A8 2. Anim. Sci. 2010. 88:4056-4067)) @H2> AFH7|F T 7] Aol
wet AHES AR
o YL FFAE T A 9 A 114 A E A8t o, cortisol 2
HF UAbE 248 98t @4 FE2@BD Vacutainer CAT)o| Hof A EE]7]
(3,000 rpm, 20 min, 4° OF o]&3 &2 & ¥ -70° C deep-freezerol H¥ts}

Atk Ad-e HM2(VetScan HM2 Hematology System)Z o]-&3 CBC

B
=

1/\]

aksi 2.
. 43%% FEARE Y AT Al FSAGEEA A Foiat
= skl A}E% FARZ AFHABHA sted mMY 2 8Alo AR RS
xﬂﬂoPOi o 2 AHT A4 WY od 840 golHe A mste] dd AT
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< A=A L.
e AAXEE 9 MEHY RRIVIAR 3Y dE9E 2 1140 &8 A =
SAE o] &3st] 283 AR XEE SAHSIAS. Autre AHX7E o] &5t
d 2 104 300 Huoigk FHE FFoA SAHsAoH, ARFZAA Ed
HhErE S48
e 2, FE& sensorg o] &3t YACE EFHEo AFEH AFZHEEF sIAUL
P55 RUHY HA 15 camerag ©| &3 12THE AAst PFAEE
A8 &
O A3 44
A3 AP oo} o] rjexet FA ¥ dF EYE PO 7ted A
AA SR =
= A2 - 1094804¢ 31¥€ ~ 2¢€ 9¢
adaptation 3¢
£%=(° 0 FE(%) NEF AHE A @71k
-15 ~ -10 60 45 FA 10
T A3 - F 10¥942904€ 21¢ ~ 1€ 309
adaptation 3¥
2=(° O &F=(%) N@ZF AHE A&7zt
-10 ~ -5 60 45 FA 10
A3 - F 10¥94202¢9 25¥9 ~ 3¢ 49)
adaptation 3¢
2=(° O =% NESZ ALE A @71z
-5 ~2 60 45 FA 10

b At 2 1%

O THI #H3lol w2 &K Y] Haematology 3}
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LR 181 1TA%

2% 1-23. Changes in blood WBC, Lymphocyte and Platelet levels related to heat

stress with THI change.

O THI ¥3le) 2 ~Eg23Ad P T Hs)

Heart rate Rectal temperature .. ...
50 ¥= E.i*:l: +57.2 woa %= G 866D
R annr a
0 ak:
B
b
i 65 .00
.
[T
50
55
] i i - . _ )
36,78 e R nr w5 M1 17.80 15,78 ns mmn 13 a1 1180
™ THI

1% 1-24. Changes in heart
change.

Feed intake
24
15
5
s
»
os ¢
as L . . i

3678 iy 9.7

1651
THI

1% 1-25. Changes in water

rate and rectal temperature of Hanwoo calves with THI

Water intake
¥=-0.1ZTEx + 17083 1m0
y=-04571x = 30113
E T
‘J |
50 -
- - a 0.0
4.1 1789 35.78 3T 29.72 2652 4.1 1789
THI

and feed intake with THI change.
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O THI ®Hs}e] w& &} U] metabolite H3}

MNEFA, = 1A B8 IS Glucose ¥ 237144 + TA.T

L A=z ram

6,70 L 2. .52 A 1749
THI

6.8 T 9,72 2652 .1 irag
THI

1% 1-26. Change in glucose and NEFA with THI change.

O THI W3s}e] w2 &Y U cortisol M3}

Cortisol ¥ 05§55  § 77ET
RE07

ngfmi

.78 EE T 0T 16,53 4.1 17.549
THI

713 1-27. Change in cortisol with THI change.

O THI W3lo] wE 35 position & #3154 W3}

Standing, Lying TR —— Ruminant
Al i
_ -
180 7 pr BT
5 1
300 £ 10 ; ut ikt
= : b T at
5 | 4
i i W
e
- e
L5 3
[
il v 40
i E |
u ! r . 4 i C 1
s .y Fa ¥ r) FLET Fo N | 11m ! a
THI K 3678 1y M| A M4 1743

THi

13 1-28. Change in behavior position and rumination with THI change.
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O B dFE= 39 $olx g AH22EF 1oAY 2EH XA X QLS Y5l &, &5
04 = XIEOL THIZ2 & o] &3l &, §%

/\}éﬂrOﬂ w}i} =R
ZAA 3 THIE= 179014 36 U}Xl% A7 A APt o,
&% Hematology, Metabolite, 243 %, A& iti
k.
2EH 2~ GA= F YA GAZ Yo THI 29-36% stress threshold & @A,
24-282 mild-moderate 3+ ~E# 2~ @A, 17-23+= moderate-severedt T, 5-16%
severe 3+ 2EdH 2 GAE YUFdtk GAE WA @ 2 e stress thresholdgh ©
ANMes  Aurgel  F£X71 63, AZ2=7F 39 T2 AHAYFAE YERIS.
mild-moderate ¢ @A = AutgrE 70744 Frbsta, ARLE7F 395 T2 F7)
st oM, a9 o] X7} 767FA 7FA39S. moderate-severe 3 THA A= Al
uk=7} 7574A F7bekal, AR T 39.7 CE F7hskdod, A4 FH #ol 0.7kg/day
A Ao dF FEEo HE7) 12.8 ng/mZkA] 7189 severed ©HA|
o= Aukr) ofF 85714 F71E Ao Holw HAAFLTIF 40 CE F71E A=
HolH dF FEEY v&% 94 16 ngml7tA| 71 Aoz 1B,
olf3t AT AAE EWE 19 1-293 o] ¢ FolAE AL2EH 29 #HHd

6) &% Mol 9olH AL 73 TH Chart A

B ATE B9 g0l QdolA BHe ALH Favlel ALz At
2 4 9 @5 WISFE TH chart® A8st7] 91stel QNS o3 AEE
M) fiste] @5 MK AerEdze e BUHP @ AAE
Agol s Al AL AARYE. B ABAMNE 2, Fxo W §59
494 % BEAN S SUHY Yo urh AT Aesmdn JE B

b AMs 9

O A & : 3¢ ¥8$ 12~13/M1¥€3, H#AF 315kg) 8F

O Ag A4 dadsty R&E5%

O A& 7]z : 20159 1¥€ ~ 24

O AR Tl - AWAUTY Fo9 ASE FIASEYIE Gp 3 ZASE
ZA] 2kg)E oFd (08:0003 AF(16:00)0 UFo] g9 5. AR dUdA
?:f;%k% % 1-125 22
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3% 1-12 Chemical composition of experimental diets

Item (%) Concentration Timothy
Crude protein 14.5 9.67
Ether extract 3 1.62

Crude fiber 15 36.65
Crude ASH 12 5.89
Ca 1.1 0.23

P 0.5 0.12
TDN 78 61

& AL Ao 2 Uiro] R385 1 (Arizona Uni, 24 THI
J. Anim. Sci. 2010. 88:4056-4067)) @A AFH7|7F T 3IHF S
= A=
S H3AE Fo A7 T2 oA 1149 AEL AABHY S H, cortisol Y
dZ YAREE B4 2 9ste] @4 HH(BD Vacutainer CAT)oll Hol HAREE] 7]
(3,000 rpm, 20 min, 4° COF o]&3l &2 3 F -70° C deep-freezero] X3}
Ae. A& HM2(VetScan HM2 Hematology System)E o]-&3] CBC #4418 24|
3t =

o

o
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~

1 AZbel| gkALFEEC 9 ASEY F3)
) o 840l ZAR WAL
|23t AL AHF
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S 39 99lE oA 114e] 248 A4 £
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- Metabolites
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% 1-30. Changes in blood metabolites(GOT, GPT,
stress with THI change

- Hematology
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Platelet
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36,46 341 .y 1789 5,08 18,06
THI

13 1-31. Changes in blood WBC, Lymphocyte, Platelet levels related to heat stress
with THI change

- Hormone

Cortisol

16.00 r
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g e
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36,496 3.9 .y 2789 L5 A0E 1B.06

THI

13 1-32. Changes in blood cortisol level related to heat stress with THI change

"

O THI ¥slo] mE 2EH 2~ #H PFA 1% W3}

- Behavior
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Rectal temperature

Heart rate
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% 1-33. Changes in heart rate and rectal temperature of Hanwoo calves with THI

change
Feedintake Water intake
550 3500
500 [ T )
Rt sao0 | | I i o
400 .-——d\/\‘
- + T
350 = !
E 3 s |
FEL 3 !
350 ]
100 00 L
150 |
100 . 15.00
345 L 10,7 1185 B0 1806 36,46 ] W7 na 0 1R56
THI THI

1% 1-34. Changes in water and feed intake with THI change

Standing, Lying - g Ruminant
450 —— 1mm -
A0i) E
150 M—\v‘-‘-’;—‘ :
B
a0 - = 1
e .l S ———— s *
- 150 -] ' £
£ " 5 ®
L E
o -
150 E®
100 E ]
. £
500 E
, . . . . . -
p = e oo P " 16,46 L] .7 1 1508 T3
THI

THI

1% 1-35. Changes in standing, lying and rumination of experimental calves with THI
change
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Tm % Relative Humidity
°C 0| 5| 10| 15| 20| 25| 30[ 35| 40| 45| 50| 55| 60f 65| 70| 75| 80| 85| 90f 95| 100
51 50 50| 49| 49| 48| 48| 48| 47| 47| 46| 46| 45| 45| 44| 44| 43| 43| 42| 42| 41| 41
45 | 50| 49| 49| 48| 48| 47| 47| 46| 46| 46| 45| 45| 44| 44| 43| 43| 42| 42| 41| 41| 40
4 | 50| 49| 49| 48| 47| 47| 46| 46| 45| 45| 44| 44| 43| 43| 42| 42| 41| 41| 40| 40| 39
3.5 | 49| 49| 48| 48| 47| 46| 46| 45| 45| 44| 44| 43| 43| 42| 42| 41| 40| 40| 39| 39| 38
3| 49| 48| 48| 47| 46| 46| 45| 45| 44| 44| 43| 42| 42| 41| 41| 40| 40| 39| 39| 38| 37

2.5 | 48| 48| 47| 47| 46| 45| 45| 44| 44| 43| 42| 42| 41| 41| 40| 39| 39| 38| 38| 37| 37
2| 48| 47| 47| 46| 45| 45| 44| 44| 43| 42| 42| 41| 41| 40| 39| 39| 38| 37| 37| 36| 36
1.5 | 48| 47| 46| 46| 45| 44| 44| 43| 42| 42| 41| 40| 40| 39| 39| 38| 37| 37| 36| 35| 35

1 | 47| 46| 46| 45| 44| 44| 43| 42| 42| 41| 40| 40{ 39| 38| 38| 37| 36| 36| 35| 34| 34
0.5 | 47| 46| 45| 45| 44| 43| 43| 42| 41| 40| 40| 39| 38| 38| 37| 36| 36| 35| 34| 34| 33
0 | 46| 46| 45| 44| 43| 43| 42| 41| 41| 40| 39| 38| 38| 37| 36| 36/ 35| 34| 33| 33| 32
-0.5 | 46| 45| 44| 44| 43| 42| 41| 41| 40| 39| 38| 38| 37| 36| 36| 35| 34| 33| 33| 32| 3l
-1 | 45| 45| 44| 43| 42| 42| 41| 40| 39| 39| 38| 37| 36/ 36| 35| 34| 33| 32
-1.5 | 45| 44| 44| 43| 42| 41| 40| 40| 39| 38| 37| 36| 36| 35| 34| 33| 32| 32
-2 | 45| 44| 43| 42| 41| 41| 40| 39| 38| 37| 37| 36| 35| 34| 33| 32
-2.5 | 44| 43| 43| 42| 41| 40{ 39| 38| 38| 37| 36| 35| 34| 33| 33

30
-3 | 44| 43| 42| 41| 40| 40| 39| 38| 37[ 36/ 35| 34| 34| 33 29 2
-3.5 | 43| 43| 42| 41| 40{ 39| 38| 37| 36| 35| 35| 34| 33| 32 30 29 28 26
-4 | 43| 42| 41| 40| 39| 38| 38| 37| 36| 35| 34| 33| 32 30 29 28 28 27 25
-4.5 | 43| 42| 41| 40{ 39| 38| 37| 36| 35| 34| 33| 32| 31 30 29 28 27 24
-5 | 42| 41| 40| 39| 38| 37| 36| 36/ 35| 34 33| 32| 31 29 28 27 26 25 23
-5.5 | 42| 41| 40| 39| 38| 37| 36| 35| 34| 33| 32| 31l 28 27 26 25 24 22
-6 | 41| 40 39| 38| 37| 36| 35| 34| 33| 32| 31 IV 27 26 25 24 23 21
-6.5 | 41| 40 33| 32| 31 (Ui 27 25 24 23 22 20
-7 | 41| 40 30 29 28 26 25 24 23 22 19
-7.5 | 40 39 29 28 27 26 25 24 23 22 21 19
-8 | 40| 39 29 28 26 25 24 23 22 21 2 18
-85 | 39| 38 29 28 27 26 25 24 22 21 17
-9 | 39| 38 29 27 26 25 24 23 22 20 16
9.5 1 39 37 30 28 27 26 24 23 22 21 2 15
-10 | 38| 37 30 27 26 25 24 22 21 20
-10.5 | 38| 37 29 27 25 24 23 22 21 19
-11 | 37| 36 29 26 25 24 22 21 20 18
-11.5 | 37| 36 28 25 24 23 22 20 19 18
-12 | 37| 35 27 25 23 22 21 20 18 17
-12.5 | 36| 35 3 27 24 23 22 20 18 )
-13 | 36| 34 29 26 25 24 22 2 17
-13.5 | 35| 34 28 26 24 23 22 2 16
-14 | 35| 34 28 25 24 22 21 15
-14.5 | 35| 33 27 25 23 22 20
-15 | 34| 33 27 24 22 21 20

19 1-36. Development of TH chart for Hanwoo steer

AZ UJ¥+%lew THI 31-36& stress threshold gF &

2E# 2 SHA= F d 7R 94
2E# 2~ ©A, 15-25& moderate-severe 3+ A~E# X~
>
2=

Al, 26-30< mild-moderate

rok

@A, 5-14= severe 3 2=Ed| AZ Y5+ ?_‘rﬁ]% UFA " ZAE stress
threshold @ ©AOlA AHto] X171 60 =23t @9 W metabolite A|3EE°]
Z7bet= AFS Yehy) AFREds AZLeE7F 3925 Co o223 S mild-moderate
g @AM = AdkTE 65704 STbskon, A= 394 Col EESds. B3
&% metabolite?! glucose’} 7138171 AZH3le-. moderate-severe g+ THA| A= Alv}
7 10742 E7vst o, AR =7t 395 € 74A 718k, Als AdFH 9 HhEs
7} 4SSl severe 3F DA A= AMETE 72714 S7HE Ao R Holm A%
7F 39.8 T7HA 5718 A= 1l 7dd THI Charts € 28 1-369F 2=

rﬂ
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() %28 ¥5 Fo}A TH Chart 4% AF
Oh AFEAH ;B AP 2pdEe] ALE 5 Fobx THIS FUHL B
15te] ANHAS
(b 488
O BA BE : B FolA G-6712%) 8%
O 4¥ %4 : AFYSL 3724 & - &= PAAPH

2% 1-37. Temperature and Humidity chamber in Konkuk university
O Ad 717+ : 20179 8¢ ~ 10€
O A% bzl

Period Chamber Animal TN (THI) @ HS (THI) Stress levels
| A 4 68-70 &1 ,'L’t-
B 4 G8-70: BB -9
A 4 68-7/0: 68— 70 Threshold
L h 4 ea-m 7 7o [ s
* THI 09:00 ~19:007}#] =4
* 9718 uwrA WA Moderate, Severedt A¥S WPE I o]F
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(th 23 51 uz

3 1-29. Effect of heat stress on growth performance in Korean native calves

THI
ftem Threshold Mild Moderate Severe SEM P value
Initial body b . 5
) 157.6° 149.9° 115.9 124.3¢ 9.69 0.029
weight (kg)
Final body weight b . b
kg) 194.7¢ 179.7¢ 145.9 154.0° 9.97 0.016
Body weight
. 37.1 29.8 30.0 29.8 3.11 0.305
increment (kg)
Average daily
1.3 1.1 1.1 1.1 0.11 0.297

gain (kg/day)
Total daily feed intake (kg/day)

TN (DO - D7) 2.3 1.9 1.7 2.0 0.32 0.610
HS (D8 - D28) 2.8 1.8 1.3 1.7 0.35 0.069
Water intake (L/d)

TN (DO - D7) 21.7 16.0 13.9 18.5 1.77 0.048
HS (D8 - D28) 21.3 20.4 17.7 23.9 2.60 0.435

Body weight

TR0
LI R
1500 -— . - +
] # =
= o
'I1H.I'.I.I i e T
== NI eraic
o L ™
g NTLID
.'_u - - - A &
(L1 n7 i k4 DR

1% 1-38. Effect of heat stress on body weight change in Korean native calves.
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Feed intake
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13 1-39. Effect of heat stress on feed intake in Korean native calves.

Water intake

10 ¢ mTH
?Hn nHEJ_
] L1 i |
== L0 1 - T
s ) i 1
H 150 o
Ii
; 100

520

0,0 = it

™ g Bfiod ermhe SEvErs
THI Lavvad

13 1-40. Effect of heat stress on water intake in Korean native calves.

3 1-30. Effect of heat stress on physiological parameter in Korean native calves

THI
Item Threshold Mild Moderate Severe SEM P value

Heart rate (bpm)

TN (DO - D7) 60.4 64.4 62.8 630 127 0218
HS (D8 - D28) 62.8° 70.0° 75.3% 78.0° 1.15 0.001
Rectal temperature (C)

TN (DO - D7) 37.4 37.6 37.5 375 0.08 0.385
HS (D8 - D28) 37.3 38.0 38.6 38.9 0.08 0.001
Skin temperature (C)

TN (DO - D7) 32.4 32.2 32.2 33 0.23 0.103
HS (D8 - D28) 32.5" 32.4° 32.6° 33.4° 0.14 0.001
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13 1-41. Effect of heat stress on heart rate in Korean native calves.

Rectal temperature BTH
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Bectal temperature [“C)

1% 1-42. Effect of heat stress on rectal temperature in Korean native calves.
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Skin temperature mTH
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1% 1-43. Effect of heat stress on skin temperature in Korean native calves.

O B dAFE= /e 3¢ $olx] THI ChartollA 4GAIZ AAED 2+ T
(Threshold, Mild, Moderate, Severe)oll thdl AU 3H37] ¢35t 233}

o

O THI 2o wet ¢ FofA AAd o] FAU ArsdH M= A &S F
Aexgkom, THIZE F7hgel wet s5d3 =] Frkste As 1883 (&
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173 1-55. Functioning of server digital video record and gateway
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13 1-60. The remote monitoring mode
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1% 1-62. General farm in Konkuk university were installed device for
environmental items and standard set
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O A&7 . B 23%e Hg3H Smart farming system (3 1-24)3 A|2¥57]
A AAIRE glycerol H7FE 3 AMFEYE T AA ErtlA &3 3l
AS3t7] 8l AA A=

|
=A

- 165 -




o FAN FTE T AMS(EE 21LA, 2871€ =, 700.04kg) 16-F
o AY A& W AHFH% (Smart Farming System A 4)
o AY Z7IZF: 2017 7€ ~ 9¥

e A HEF  TH 75 ~ 81 Z2TG% &AW, ZeME HA7FEG% glycerol),
THI 82 ~ 84 t|x=7@8% &™), A& H7H(8% glycerol)

o AR Fo B HZHA 3o UH

O FFAE
- AF FH971E ol &t 5o
- 39S 45kg A A 23 F

Q@ AR
- g9 F2 0.5kg¥ o 23] 5o (HF)

@ glycerol ] (top-dressing)
- glycerol-4® 3] (6:4 ¥]&) AHE (E2Folle 2T FHFHES Fo))
- 9Y 500g< 23]o Yo 250g FFALSE Fo] Al top-dressing FEIE =

o

o
126 553AE © 2AR JubgR 24 Az
Items(%) Concentrate forage (H13)

Crude protein 15.9 4.10
Ether extract 3.13 0.71
Crude fiber 8.84 31.16
Crude ASH 6.94 4.35
ADF 10.08 38.69

NDF 22.90 67.13

Ca 1.43 0.35

P 0.50 0.20

< =T - A9y <K gl glycerol>
a9 1-121. Glycerol 7} 3 FEl(Top-dressing FElZ F Al
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13 1-122. Glycerol 714 3

O 23 gl u&

- ZYAE AT D A U AT B9 5D AMSe] Qo] AR o
EEERCE:

3% 1-27. Growth performance of Korean native steers fed either a control or
glycerol-supplemented diet at Jung-Dong Farm

[tem Con Treat SEM P value
Initial body weight (kg) 686.4 722.6 15.84 0.128
Body weight 723.4 765.9 15.69 0.076
Average daily gain (kg/day) 0.6 0.7 0.14 0.610
Glycerol intake (kg/day) 0.0 0.3
Wheat bran intake (kg/day) 0.5 0.2
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- ZPYAE A D AU AgET E9 wSDI] AR S ol EA g Ao
A e g

3 1-28. Effect of glycerol additive on carcass traits in Korean native steers during
heat stress

Item Con Treat SEM P value

Marbling score 6.0 7.4° 0.42 0.037
Quality grade frequency (%)

1++ 25 50

1+ 25 50

1 50 0

2 0 0

3 0 0

1++ plus 1+ 50 100

1++ plus 1+ plus 1 100 0
Slaughter weight, kg 723.4 765.9 15.69 0.076
Carcass weight, kg 426.5 460.3 12.74 0.082
Rib eye area, cm? 94.9 100.1 3.60 0.320
Backfat thickness, mm 12.5 13.9 1.18 0.422
Yield index 65.7 64.7 0.84 0.419
Yield grade frequency (%)

A 62.5 125

B 0 50

C 37.5 37.5

A+B 62.5 62.5
Quality grade” 37.5 45.0 2.59 0.060
Yield grade? 22.5 17.5 3.13 0.278

YQuality grade®= 1++ = 50, 1+ = 40, 1 = 30, 2 = 20, 3 = 1002 3hatalo] Ak
?Yield grade:= A = 30, B = 20, C = 1022 3HF3to] A4F

Marbling Score
.0
B0
ro F b
6.0
5.0
= 4.0
10
2.0
1.0
0.0

M SCore

Barhl

Treat

iGroup

¥ 1-123. Effect of glycerol additive on marbling score in Korean native steers
during heat stress.
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B AFTANE E3) HF /2 @ Smart Farming SystemS A A F7bolth 8313 A

28571 B A FHHPA glycerole] E3S LolR 7] s WAF3HATT

O Smart Farming System< [ of AW A
o EAES 1T & ANeH, F o 2 HolHu o 28 ARAFTES AT
ks e E F AUS (&

O THIo| W& Atgksalel 34 Glycerols =3t 2709 A wSZ7] AASA
Fo3tR e uw AAAHE dxFol wE A ZolE YEA &g

AC)

=3 A 20Y B¢ glycerol& Fstm THIO] wE Algdel S 2AAEYS
W =542 5 Marbling Scoreel UoJA fFolHdo g2 A olA Frtske A
S yebd (&% 1-28, 19 1-123)

7 ol EP&S HAS o dERTFNA 50%FT EdE&d w3
AgTold 100%2 1+01d SHEd &0l Aols ekl (& 1-28)

O B dA7Ax%E B, THo wE wrtolAe] Argkdelel A Al 28 571l
A AASE Glycerol& o] &3 HI7HA AT =FAHANA 7ME T83 1+5
= o] =3d&3 Marbling Scoredll 1o} zo]E Yelylon, o5 L 1E
g A 9%k F7F ALY SHA FAAHQA E34E e Ao AT
T A=

(AP T =5 2L NA A48 I
A8 9 MAAEE 55 HES T3l =53 MAR olF°] /M3t EF o)
or =59 AR olFd JMAle FF Holy xHEI FAEFE A AAA Xﬂ%
+ APIZ o] &3ty =4 #d HERE AFCo = import st=F AL ol =5
o] ARE Aud A g BEAEO wrtolA HEE AFsta EI AT ARYGY
g AHE 54 Beshr] Y3 A852 82 F IS FoE HRth

(2) Smart Farming Systeme] @34~ 9 3 73
(7b) Smart farming system X=Z 13 Tz}l @ AH|
HA A steFoto) 9}l FFH 0 F Smart farming system HolE $3 AAEZE oS3

st 242 HE3 g FtHl el o] MESE AAEII(ERA]) o] HE
HZAQ html7)¥F 2338 A2 AASFFTHIE 1-124).

s
s
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ZeAE | Aot
Glo|E{Hjo] &~ &AM mwn | e

A [ aw [wsa ] waua 390 | delemel s 44
csai [ aaw b 9o

Hol2 ¥ | AR A d 9 |20170811
EIO|S ID | TBUSER

Hol=4 ArRERHE] HEIIH BHE| EOlS
e #4 9 dedy Bt Null? k= oga
1o otolc] INT(17) 3

2 |usERID At8 Rt otolc VARCHAR(0)| ¥

3 |[PASSWORD HYHs VARCHAR(24)| ¥

4 |CREATE_DATE EERu] IDATETIME v

5 |EmAIL ooy VARCHAR@O)| ¥

6 |NAME Rl VARCHAR(20)|

7 |RoLe EES INT(1) ¥

8 |TEL s VARCHAR(20)

Holz & | 2M ez

HIO|E ID | TBWEATHER

Y | E1 Y g BEE IHeF Holg

= 2 g ey e [ Nuie | meEw LTS
1 o olg| INT(1T) Pk

2 jary a VARCHAR@O)| ¥

3 |cope om s VARCHAR@O) ¥

4 |county VARCHAR@O)| ¥

5 [NAME ELEE VARCHAR(20)| ¥

6 [TEMP ex |VARCHAR(20)| v

7 |USERID A8 A ofolL| INT(17) v

8 |VILLAGE 2 |VARCHAR(20)]

1% 1-124. Design of database for

Holg ¥ | =% Tddxn
HOIE ID | TB.FARM
HOISEY | A2 Z=74A 32 Holg
= R EEEE] ety Null? Het=A LTS
1o otolc] INT(11) Pk
2 |ADDRESS k= [VARCHAR(100)| Y
3 [NAME e [VARCHAR20) | Y
4 |USERID (AH8AH otol | INT(11) Y
5 |POSTAL CODE ELE [VARCHAR(10) | Y
6 |aTy Al VARCHAR(10) | Y
7 |county = VARCHAR(10) | Y
8 |VILLAGE otz VARCHAR(10) | Y
9 |combination ECEC [VARCHAR(20)
10 |company Y [VARCHAR{20)
1 |program ESLES [VARCHAR(20)
HOlZ g | SA 4z
HIOIZ ID | TB_CATTLE SHED
Hol=2y | Aldmal ZE74M B2 Holg
e #449 aEEy Bt Null? A=A B ES
1o otolL] INT(TT) PKC
2 |NAME =4 018 [VARCHAR(0) Y
3 |FARMLID 54 ool INT{TT) Y
4 |sTatus = s BIT(T) ¥
5 |NOTE E VARCHAR(E0)| Y
-

smart farming program -a
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Hog 8 [7% L
HIOIE ID | TB_LIVESTOCK
HOIS2Y | Ada2 7744 22| Holg
= 239 k] EtY Null? HYTH A" A
1 o otolL] INT(1T) PK
2 [BIRTHDAY ELEl IDATETIVE
3 |LVESTOCKID Jhs = VARCHAR(1S)| ¥
4 |RFD RFID VARCHAR(28)|
5 [SEX cL INT(TT)
6 |START_DATE Xl 2R IDATETIME
7 [TYPE k] INT(1T)
8 |WEIGHT E4 2 [FLOAT
9 |CATTLE SHED_D #Af ofole| INT(1T) 12
10 |FARMID 5% otoly INT(TT) ¥
11 |CATTLE NO EELES |VARCHAR(50)|
12 |RECENT_UPDATE DATE|% 2 QHI0|= A  |DATETIME
13 |DELIVERY_DATE 52 4Rt IDATETIME
Holz & | &0zl R
HOlZ ID | TB ACTUATOR
Hol=d Argbprel ZHRIH Bel Eols
i ZE gy Bt Null? Hierz2 Gl
L=} otolc| INT(1T) PK
2 |CONNECT_TYPE ool BR INT(11) Y
3 e P [VARCHAR(20)
4 |Location FEILIES VARCHAR(20)
5 [NAME e VARCHAR(0)| ¥
6 |SERIAL NUMBER REER- VARCHAR0)| ¥
7 |ACTUATOR TYPE kit INT(TT) v
8 |CATTLE SHED_D =t crolg) INTETT) v
9 |FARMLID 5% ool INT{TT) Y
10 [AUVEFLAG L= B BIT(1) Y
11 |LAST_PRESENCE TIME |OFK|4t U H|O|= Wit [DATETIVE
12 |MACID MAC 0F0| ] VARCHAR@) | ¥
13 [PARENT_MAC_ID 49 MAC VARCHAR(4)
14 |STATE W A Be BiT(1)
g | Aoyl e R R
D | TBLACTUATOR ALARM
Y| AEE TS #E EolE
wd 23 9 SHEY Bty Null? A=A oA
1 |io 7HH 7 2 RFID) INT(1T) PK
2 |ACTUATOR ID D INT(1T) v
3 |apPLY =8 os BT ¥
4 |TveE R INT{TT) Y
5 |CATTLE SHED_D =4 D INT(1T) v
6 |FARM.ID s D INT(1T) ¥

Design of database for

Holg @ [ 7= 4% sdan

HOIE ID | TB_LIVESTOCK_GRADE

HOIELE | A2l 715244 22l Holg

=9 2R Zyey EtY Null? A=A ereg
1 o otolc] INT(11) Pk
2 [BIRTHDAY ELE] DATETIVE

3 |LVESTOCK ID bt vz [VARCHAR(12) | ¥
4 |CATTLE NO ELEES [VARCHAR(50)

5 [sEX Ll INT(11)

6 |START_DATE Rty DATETIVE

7 [Tvee = 7 INT(11)

8 |CATTLE SHED_ID Bl INT(11) Y

9 |FARM_ID =& otod INT(11) )
10 [BUTCHERY_ DATE o2 [VARCHAR(20)

11 [BUTCHERY WEIGHT  |£%158 FLOAT

12 |GRADE NAME s3 3 VARCHAR(20)

13 [INSPECTPASSYN  [$48 ZAb |VARCHAR(225)

14 |windex S X+ VARCHAR(20)

15 |wgrade S 53 |VARCHAR({20)

4
| 7 ‘ACTUATOR,NAME KRR ‘VARCHAR(ZO‘,‘ v ‘

Holg B MM =C IEEEER
B0l ID | TB_SENSOR_NODE

Hol=d® | Aknal 77N 22| Holz

= 28 9 ey Bty Null? HrH PUE
L=} WA T ZRFAID) INT(1T) PK
2 |CONNECT_TYPE EER-E] INT(1T) v
EN [ VARCHAR(20)|

4 |Location ERE [VARCHAR(20)

5 |NAME 414 018 VARCHAR(0)| ¥

6 |SERIAL NUMBER i e VARCHAR@O)| ¥

7 |NODE_TYPE wC EtY INT(11) Y

8 |SENSOR_TYPE HF ey INT(T) M

9 |vaLET e FLOAT v

10 |VALUE2 B FLOAT v

11 |VALUE3 I or co2 INT(TT) v

12 |CATTLE SHED_ID A ID INT(TT) v

13 |FARMLID 5% D INT(T) v

14 |ALIVE_FLAG SH o= BIT(T)

15 |LAST_PRESENCE_TIME |OHA|4 BIOI= 7t |DATETIME

16 [MACID MAC =2 VARCHAR@O)| ¥

17 |PARENT_MAC_ID 491 MAC T VARCHAR(20)

8 [ TH 22 2 BiT(1) v

19 [TEMP_TYPE 2 ey INT(TT) v

smart farming program -b
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HOE B MM £C g TEuw
HOIE ID | TB_SENSOR_NODE_ALARM Hol= & | ZHHat R
HOIS2Y | Ada2 7744 22| Holg HIOIZ ID | TB.CAMERA
2] ze g L] Ebg) Null? Hepr olg~ Hol=4 AREEHE| ZHEIHAH 22| HOIS
1 o 2 T HRFID) INT) Pk e EEL R sl R e i
2 |FaRMUID 53D INTE1) 1 ID A T 2 RFID) INT(11) PK
3 |CATTLE_SHEDID ESTTY INT(11) 2 |CONNECTID o1 ctolc| [VARCHAR(20)| Y
4 |THI_VALUE 414 THI BI2 2t INT{11) Y 3 |IP oFo| I VARCHAR(20)| Y
5 |rvee Lc =2 INTCT) ¥ 4 |LOCATION 2 x| VARCHAR(20)| ¥
6 |appLy 42 o BIT(1) ¥ 5 |NAME Rl VARCHAR0)| ¥
7 |SENSORNGDEID | =5 1D — Y 6 |PASSWORD EFLES VARCHAR(O)| ¥
8 |SENSOR_NODE_NAME [414 = 0|2 VARCHAREZO)| ¥ 7 |SERIAL_NUMBER Mo ez VARCHAREO)| v
9 |SENSOR_TYPE 4A TR INT(11) Y 8 |CATTLE_SHED_ID 24t crolt] INTETT)
10 |vALUE A 2t INT(T) v 8 [FARMLID =% ooy INTLTTY
10 |CONNECT_TYPE EER ) INTETT) Y
MM 23 e R 11 |AUVEFLAG d e BIT(1) Y
TB_SENSOR_LOG 12 |LAST_PRESENCE TIME |OHA|4} YH|O|E WAt |DATETIME
MEBE HRH 22 Holg 13 |maciD MAC otol] VARCHAR@) | ¥
il =83 HHaR Eta ik sl e 14 |PARENT_MAC_ID 4 MAC =2 |VARCHAR(4) Y
1 o /i T 2 (RFID) INT{TT) i3 5 o — T, -
2 |BENSOR PR 44 ER NI ¥ 16 |NVRIP INVR CO|L [VARCHAR{20)|
§ |weLE 2= FLo8 i 17 |NVR_PORT NVR & INT{11)
4 |VALUE2 B3 FLOAT Y
5 |VALUE3 7| & OR co2 INT{11) Y
6 |CREATE_DATE A =R IDATETIME L]
7 |MACD WAC otolg] VARCHARM) | ¥
T _g-
Hols & | A TEdx
HIOIS ID | TB_THRESHOLD
Holsd AREE| 7RI 22| HolE
e A4y EEL Be | ol Hopmal lga
1 1D ofo|c| INT(11) PK
2 |THIVALUE ITHI 3t FLOAT Y
3 |APPLY =g o2 INT(TT) Y
4 |acTusToR 1D i1 afolc| INT(1) Y
5 |CATTLE_SHED_ID ZAH ool INT(11) Y
6 |FARM.ID =3 crolu INT{11) Y
7 |rvee ey Be INTAT)
8 |SENSOR_TYPE1 TN INT{11)
9 |SENSOR_TYPE2 LR INT{11)
w0 [TveEr HAO] TE 4IM M= INTOY)
1 {Tvee2 M| T AN B INTOT)
12 |SENSOR_NODE_ID MM =L 1D INT{11)
_g-

19 1-126. Design of database for smart farming program -c
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19 1-127. Smart farming system program login
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13 1-128. Smart farming system program; main viewer
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1% 1-129. Smart farming system program; a Hanwoo management
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19 1-130. Smart farming system program; fattening cattle
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1% 1-131. Smart farming system program; breeding cow
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% 1-132. Smart farming system program; details information of Hanwoo
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1% 1-133. Smart farming system program; Hanwoo meat grades slaughtered
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19 1-134. Smart farming system program; information of user farm
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% 1-135. Smart farming system program; pan&tilt circuit camera
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19 1-136. Smart farming system program; sensor alarm
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% 1-137. Smart farming system program; setup to limit allowable value
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1% 1-138 Smart farming system program; remote control device
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3 1-139. Smart farming system program; information for user and farm

O Smart farming system mobile application
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1% 1-140. Smart farming system mobile application screenshot
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1% 1-141. Smart farming system mobile application screenshot
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4-cell Morula Blastocyst |
m37°C 0O39°C m40°C m41°C

a3 2-1. LX) w2 AX A7]E bjo} vrE(%)

s &

Developmental rate s (%)

=

% 22 eEAYe] B} o4H FHU AYE®)

No.
recip

1.4
®10°C  O37C
1.2 4 T **

T ww Wk
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a9 2-2. A %0 mE Fxx LA =F (relative activity)
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AH: ZF v 2 1L 2Ef s 273 37C vs 39T)olA LA
& %(0h, 1h, 2h) A=A EFA(motility)d o2 s tisk &4 Z]
Q1 curvilinear velocity(VSL), straight line velocity(VAP), linearity of
curvilinear trajectory (ration of VSL/VCL%) &< CASA(Computer assited
sperm analyzer)< o] &3t £435% 5.

b Ax g aF

O FHZFZA o= phosphodiesterase Il inhibitorg A%+

O A4 mobile progressive H|E, Rapid sperm, 3 VCL, VSL, VAP,
LIN gto] 10%°17d 571+ A+

O A A &4 S7he A4 2ddAs W3 glleoy 39T oA
He AoE AFHAS.
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19 2-3. Treatment of Trequinisin on sperm motility kinetics at 37°C(VCL)
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1% 2-4. Treatment of Trequinisin on sperm motility kinetics at 39C (VCL)
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1% 2-5. Treatment of Trequinisin for 30 min on sperm motility kinetics at 39C
(VCL)
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1% 2-6. Effects of trequinisin treated sperm on embryo development
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H B2%, A4 dio) A3 BAg
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Y AA = AEE, AR, A &, rEZEgor 23

g % 4

=49,

AL

03:

I 9 a3
O &2 &3l & A 71& Aol vls] Al A 50 «M Trequinisin %] 2]
7t 8 5% AR UE.
: 3
S
325
t
o]
S 2
2 Rapid
w api
$15
g
5 Medium
c
S
§_0.5 Slow
[}
2
s, MM \WIVIWIVIIY V¢ I
[}
o TSI\ RPN\ Y RPN\ CEN
IO S
A R
D $ &
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Curvilinear speed (VCL) Linearity index (LIN) Average value (VAP)

46+ 36+
-~ 0uM
44 - 20uM
- - 4 -%- 50uM
0 424 o -¥- T5uM
32 P
2 404 E_ + 100uM
384 301
38 T T T 56 T T r 28
0.5 hr 1.0 hr 1.8 hr 0.5 hr 1.0 hr 1.5 hr 0.5 hr 1.0 hr 15 hr
Rectilinear speed (VSL) Straightness index (STR) Progressive motility (PM)
327 -~ 0puM
30 -+ 20uM
*- 50uM
» 28+ ¥- 75uM
- 100uM
2 26+
244
22 T T T 78 T T T 5 T T T
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19 2-8. Trequinisin A 2|7} Ao &5 v X&= &

O DNA £d4e Ao/l flome S4ase gle

¥ 2-3. Trequinisin ] 2]7} DNA 230l w|x]&= J&F

Immediately after treatment

Intact Fragment
DMSO 267 7
Trequinisin 312 8
30 min after treatment
Intact Fragment
DMSO 188 9
Trequinisin 165 11

O MEZE} HEHE Aol7} UL,

# 2-4. Trequinisin g7} PiEZEg ol ST LA nX& A3

Immediately after treatment

Positive Negative
DMSO 79 79
Trequinisin 90 o3
30 min after treatment
Positive Negative
DMSO 164 72
Trequinisin 113 61
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1. Molecular techniques& &
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o

(2 W #4dd

Oh A= 2 gy
O zdolAl total RNAS &2 RNA

M 1 2 3 4 5 6 7 8 9 10 111213 141516 M

M 1718 192021 22 23242526 27 282930 3132 M

M 33 343536 3738 3940 41 42 434445 46 4T 4B M

M 4950 5152 5354 5556 575859 60 6162 6364 M

M 656667 68 69 7071 727374 7576 77T 7879 BO M

23}t cell free nucleic acid(cfNA)Z cfRNA o]-&

T2 =
No. comrm | oo | 2250 | 2280 | 02 | orao
1 83 | 2075 | 1013 | =20 112
2 1276 | 319 | 1554 | 205 Tz
E 518 | 1296 | 0627 | 207 0.90
4 1172 | 2031 | 1439 | 204
= 1113 | 2782 | 1325 | 230
3 796 | 1085 | pors | 203
7 1301 | 3.253 | 1591 | 20+
8 866 | 265 | 1065 | 203
B 57 | 1428 | 0s9a | 20%
1in 1011 2.527 1.238 204 1.27
11 1151 | 3877 | 1408 | 304 139
12 1081 | 2703 | 1337 | 202
13 1234 3.084 1511 204 154
14 1017 | 2545 | 1338 | 205 131
1s 984 | 246 | 1216 | 202 214
16 577 1.443 0702 2.06 42
No. Sample name (glg:::“ (::/ie) AT || RIS [Z;R(ig:n) (zgaa/‘zzm
17 P2-24 1108 | 2773 2,02 186
i8 P2-25 768 1.919 203 040
19 P2-25 v 797 | 1992 202 177
20 p2-27 ~ 583 | 1458 198 135
21 p2-2g ~ 1151 | 2.877 202 2.02
22 P2-30 ~ 437 1.092 196 202
23 P23z %5 | 1126 2.01 186
24 P2.35 e 12z90| 307 197 219
2s P2-35 ~ 7950 | 199 194 2.24
26 P2-37 w B7.50 219 199 216
27 P2-40 ~ 92.90 232 1.96 1.30
28 P2az v i1310| 283 200 216
29 p2-43 v 14940| 374 198 207
20 P2-a44 ~ B65.90 165 1.99 121
31 P2-45 ~ 65.80 165 198 187
3z P2-45 ~ 54.60 137 199 181
No Sample nams i mf.fu) nzoo | azma | Rete | e
EE) p3-a7 ® 12780| 319 | 1s1 1oo 130
34 o2as v 5710 | 1a3 | o7z 1los 157
ED p2-a9 - 77a0 | 193 | oez 1os 201
35 P2-50 - 2e.00 215 108 19g 197
az P2-53 ~ 91.e0 229 115 197 192
38 P2-54 > 104.40 261 1.32 198 191
39 P2-63 » 6210 .55 .80 185 152
40 P2-64 ~ 123.00 308 1.58 1.85 2.02
1 PIAL AM 7160 | 173 | 088 203 034
az PIAS AM 8650 | 218 | 105 203 134
43 P3A6 AN 6490 | 162 | 079 2.04 0.29
e P3AG AM - 69.50 1.74 087 199 133
25 P3A11 AM 1ie.60| 297 | 148 24 220
46 P3A1Z AM 7i4C | 1v9 | oe7 206 037
a7 P3-A13 AM v 9710 | 243 | 1.22 1s9 227
as PEA14 AM 10200 270 | 131 206 047
No. | Sarpie mame | 220 | = | maco | mreo | grote [ nate
50 P2A16 AM 2470 2.37 115 2.05 101
5 P3A17 AM - 7430 1.86 092 2.02 178
52 P3A19 AM v 101.20 253 1.27 1.29
53 P3-A20 AM W 8460 1.62 031 2.01
54 P3A21 AM v Q920 248 123 2.02
55 P3-A22 AM v 62.70 1.57 078 2.01
56 P3-A23 AM v 4290 1.07 0.55 197 .
57 P3-A24 AM v 67.50 1.69 0.85 189 1.57
58 F3-25 AM 133.70 3.34 1656 2.02 150
50 P2A26 AM i0e10 273 135 2.03 135
&0 P2A27 AM 7690 1.92 0594 2.04 0.75
61 P3-A28 AM v 36.30 0.21 046 1.s8 195
62 P3-A30 Al Vv 57.20 143 073 197 2.29
63 53-A32 A 3940 | 0.99 | 050 156 D563
64 -35 AN w 8280 2.07 107 1.e4 221
DNA s Ratia Ratio
No. Sample name é',,,bam gy | P20 | A280 | Goorran | @euszin
P3-37 AM 91.40 2.29 202 214
P3-A40 AM v 41.00 1.02 C.53 192 244
P3-42 AM v 68.40 171 Q.83 201 201
P3-Ad43 AM o 6240 156 0.79 198 221
P3A44 AM v 60.50 151 Q.75 202 0.34
P84S A v 640 | 171 | 084 204 DEE
P3-Ad6 AM v 470 137 C.7¢ 195 195
P3-47 AM 83.10 2.08 1.05 201 150
P3A48 AM 66.50 166 C.80 208 0.20
P3A49 AM v 8.10 145 Q.74 198 071
P3-50 AM v 7710 192 0.98 201 177
P3 53 AM v 60.60 151 Q.7 199 219
P3A54 Al 59.30 | 148 | 073 | 204 037
P2-63 AM 52.00 1.20 0.65 199 1.90
P3AG4 AV 113.10] 283 1.99 204 0.82

23}

249
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EGG PATHW &Y

KBS PRTHWAY Tlims

ney
iz~ (=M ] B — 1 & 3IE-4 E
—
-—

BI 2
EEGG_ PATHWEAY Mgl primin BRI L BE-2 5
EEGG_PATHMLY Facal adhesion B == < i 1L.8E-2 §E
MEGE_PATHWAY Bl = B 2.0E-2
HEGED_PATHSAY Sutpleneoviglons receptor misrachion B 4 113 2082 1E-1
WEGG PRTHWY Hyperiroptes cardiomrppadhy (HC Bf === o > 2E-2 5
WEGG_PRTHWAY Calmbed cordioemyonativy 1 S 1 0.0 2562 1981
REGG_PATHWAY Pr oo Uer - raid il oooyRe Prsbur Blion Bl == 10.0 2. 762 1.9E:]1
WEGE_PaTHWAY Progtate ancer Bl - 1 10.8  ZEE2 18-
EEGG_PATHWAY ligigotroptun gegnaling gty L] 00 55E2 1.9E-1
FEGG_FATHWAY Paitroes in cancer Bl == F] 11y AR LAE-1
WEGD PaTHWRY Prign dreeas R’ - 3 &7 BEE-2 4.1E-1

19 2-11. Gene network 4] A3}

) 23 5t uz

e
2
)
£

ol

o

)=
hiny

O 1 9 &S FZ3st HAE AHE 5 W A3 AAx= A5 A
&= ¢ A

b Ax 2 HH

O DNA, RNA #g 2 dxALE4LE o] &3 cDNA &4

O uZ4t WA oA AF+A H HE(whole blood)S ©]8€3F] genomic DNA
2, @Fo Jd= &3 vAxzyd #4iF Fg (circulating cell-free nucleic
acid: ccf DNA, ccf RNA)

O dAl#d, 4753 #HE FHAE QRT-PCRES &3l 4]

b A% 2 2

O B AFE Hawe AFWE olgstel FeHg FAY WA B4 A
g 22 Guny

O AEA 939 TMR ARE T HTFolA =H)&(H/C higher

=2
conception; service per conception (SPC:1) 3} w& SHj& MAE 19 4
2+ ¥ & qRT-PCRZ #4
O 23} ~Eg 2~ ##3te] HSP(heat shock protein) ## Az} SAFAH
A A2l PRDX(Peroxiredoxin) &2k < #2443}
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il

#’es» e
o Glucagemc H!C = Glucugenin LJ'C
a9 2-12. Glucogenic AFEE F4% AEw W Adid 44 4d=

— = = =l

O

juked

et >

A 9 d4& 7]5 F apoptosis, ubiquitination, energy production 3}

ZJM S FHE IFoA T,

O ol #AASTS Aol 1H AA YA FAA vehtE 424 v
(Gielchinsky & 2008, Fertility and Sterility)3} fAlsle] 7l = 58 7}
2 AXE B8 7bE

O &4 #F°9 TMR AtRE T3 Ao dFr4-A 952 TMR Ats
E FAD ATAA £ FUE & B AAER 224 YL 3}
o] fxA vlmA] ACVR2A, SDHA, PGK1, PGRMCI1, MAP2K52 = ol
Za}le] Wkt A5

i
40 -

)

r

of &

T

70 A

(i
o

HN ru[n

45

(A

245

é“i]ihli“i““i“l l

+'_'\ ':' "5 "\ ,"\
'?c’@b{i .KG QF‘ é.g-c‘@dl,?g%@w
= Glucogenic H/C = Lipogenic H/C

a9 2-13. FHE 18 1 R 2 kat

—a

O Tl ol =2 FHi& ¥ FHE 253 F3A TIAFE
< A8 23 "Rt #AHEE PAGL, RS2, KISS1, KISSR, ACVRI1, ITGB3,
TCP1, BCL2L1, BIRC1, SLC25A3, MAD2L1, SIRT1, IL15, IL1A, YWHAQ¥} Hlxl
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A FHE 2 IFA =4 EEE.

Relative gene expression in Low conception group
25 4

15

1 = Low concapion
Al

1] v 3 + - . s . i . . . . . . y i

PECEOEF ISP OEGEETFE 5

09 2-14 e FEE % W 4UE fAA BEs
O 3¢ 2Ed 2N BE HE fAx0] thdk E4A7 HSPAL, HSPA2, HSPB3
FAATL 2B 20 W] FHE ¥ AFAA MIA B FAFL
ek,
7
6
~
4
3
2
1 N

bHSFATL b HSPAZ b HSPA13 bHSF1 b Hsph3
a9 2-15. A2 2Ef 2 I FHxe 4z Y s vl
o = i A
o) Aol A= PRDX6 %@747} 29 Ao} ‘/‘r?/ﬂlmﬂ/‘ﬂ AZF 2T
=

X
1z
r (
i
£
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e
Kl
i)
52
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5

4.5 |

4
3.5

Lad

2.5

ra

1.5

=k

0.5
o

bPROXT bBPROXZ2 BPROX3 LBPRODX4  BPROXS  BPROXG

19 2-16. Y FE FAAe] AdA wET Hw

O PRDX5 7} dAA s FE widgel A 25 dd=m Axzd oA 43
2EY2E A7 A7lE AL 23 (Leyens 5 2004, Mol Reprod. Dev).

o & 4+

A FHge] B AAES 2EH s NPSA W] AE

B3 E 93] HSPE 2dslu A7+A7]7] 938l PRDXE 9d 3l= Ao 2 A}

AARE ddze=z Wyt A2 #34 (HSPA13, HSFI,

r
PRDX2)E< Rla F22 &8 A AE 2Ed 2 w5 tig A8 A

A E 2 bovine line fragmente] H]-&& qPCRE £ 4 A

_]
L A o8 Q8 wase ALY o4

1=}
= |
% Rsal ¥FE o

= e B
o] 2 REUTshp)e} AL

%
o

=

¢

2 oo

)

Position of repeat

Sequence D GC level Type of Elements  Subclass e Length occupied (bp)
pDp1 35.46 LINEZ2 L2 34-220 501
pDp2.pDp4 pDp1
LINE

1% 2-17. qPCRo)l A9 A<
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o =, AEol i BEFH AZE AES pDpl & Hlwd & dHo=
475bpE FEH3t o wheF, wyo] A Al FFH2 ddo] dojyA 242 Al
Zoll vl FFo] H&

O mAEtez Dpl & 60
™. GAPDHE DNA¢9] %

1. Dple] A= O‘E(RQ2)
Z (fragment ratio)=Z 3EA| &

O Hla )2 SPC(service per conception) ©] 191 /A& 18R F

2 o] AABEAT FEEo] =2 JiATE 207113, FHEO ¥ T

N

=43 & F RQ (RQZ/RQDP/] HES 93 BlE

2 335+0.9 (P< 0.05). FEH &0 =& 7Hiﬂ4oﬂﬁ Hlw A cfDNAS d#H3}7}
A ol Aoz e} 2B~ 5 844 2903 #d e Ao
A=,

4) sele3 Fdd SNP 2=

b A= 2 B

O 3¢ dHA Elg genomic DNAE Real time PCR % HRMc(high
resolution meting) 71 o] &3} EA

O DNA blood & tissue kit (Qiagen, Germany)E ©]-&3}d genomic DNA +
]

O SNP A= WBP1 rs134282828, PARM1 rs111027720

O &8 A¥d WBP 1 F (5’ - ccagcctatgaggatgtggt-37 ), WBP1 R (57 -
acgtcttccacgtttgttcc-3” ), PARM 1 F (57 - cacactcacctccectcaag -37 ),
PARM1 R (5’ - agatggaacctcaggtggtg -3’ )& Becon Designer (PREMIER
biosoft International, CA, USA)E o] &3} tjx}<l

O Qiagen Type-it® HRMTM PCR mix (Qiagen, Germany), HRM Type-itTM
mix (Qiagen, Crawley, West Sussex, United Kingdom), Qiagen
Rotorgene-Q 5-plexE ©]-&3}o] S

) 23 5t vz

O WBP13} PARM19] S8 sk HRM £4& 43

O WBP¢ SNP= ACT7} CCTE w®o] ® w2 Al Wo] Folmg Aoz
ofp|isgt z7] Q1 Eglede] ZEHOE WY 13 AFFAHoEZ Y4l
g ota TollAE AA e FEITAAE GA Y GG YERHE 2-6)
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3 2-6. HRM< €83 WBP1 9 PARM1 Fxx+3

IS/C Heifer Genotype  Confidence Genotype Confidence
1/1 g13 WBPI1_AA 98.63 PARMI1_AA 100.00
1/1 gl4 WBP1_AA 90.59 PARMI1_GA 100.00
1/1 gl5 WBPI1_AA 89.54 PARMI1_GA 62.35
1/1 g22 WBPI1_AA 96.69 PARMI1_GA 74.47
1/1 g25 WBP1_AA 99.02 PARMI1_GA 75.42
1/1 226 WBP1_AA 98.74 PARMI1_AA 99.23
1/1 236 WBP1_AA 99.77 PARMI1_GA 80.13
1/1 g48 WBP1_AA 96.06 PARMI1_GA 74.98
1/1 263 WBPI1_AA 99.68 PARMI1_GA 96.70
1/1 15 WBP1_AA 96.60 PARMI1_GA 4441
1/1 19 WBP1_AA 100.00 PARM1_GA 94.21
1/1 111 WBPI1_AA 97.58 PARMI1_GA 43.28
1/1 112 WBP1_AA 96.75 PARMI1_GA 52.90
1/1 130 WBP1_AA 99.89 PARMI1_AA 45.39
1/1 144 WBP1_AA 95.69 PARMI1_GA 90.97
1/1 145 WBP1_AA 94.21 PARMI1_GA 90.62
1/1 150 WBP1_AA 89.05 PARMI1_GA 82.64
1/1 164 WBP1_AA 85.72 PARMI1_AA 75.22
5/1 gl7 WBP1_AA 78.46 PARMI1_GA 78.13
4/1 220 WBP1_GA 86.86 PARMI1_AA 60.28
4/0 235 WBP1_GA 93.68 PARMI1_GA 55.76
4/1 g42 WBP1_GA 95.31 PARMI1_GA 83.04
4/1 g43 WBP1_GA 100.00 PARM1_GG 63.06
5/1 253 WBP1_GA 90.86 PARMI1_GA 87.46
7/0 116 WBP1_GG 95.88 PARM1_GG 58.03
6/1 121 WBP1_GG 99.57 PARMI1_GG 64.43
5/0 123 WBP1_GG 100.00 PARMI1_GA 91.53
6/0 124 WBP1_GA 62.36 PARM1_GG 100.00
4/0 127 WBP1_GG 52.15 PARMI1_GG 77.75
O I8y} PARM1#} FEl& Atole] A7 Sl
O HZ AT M@ WBPle| FAA & WuEels ICMS] ZAs Wz ¥
@S A AlHeH (Ortega 5, 2017), obv]AF X% (Thr-Pro)oll 2|3 wh
4 A3 AEe WMt el 9 mE F des AN
O o} w2 Z B 45 A& WBPIS Do WBPlG @ 7% A7 2
e} A WBPlo] &-9-9 d4l ¥ A #eet dHstA #H=Ho A
HoAF =
O ZEHOE dPolAx, WBP1S 3 A wWol7l HAHE 3FFAI7]aL Al
B v ge Axssr] AW hE £F Zeadel Ad v fRAE A
42 F UAeS KA &
O T3 HRM E4L ©a 7] Wolg Batasl 72 & 4 don w4e A
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o
=1
e
2
w
Z
5
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AR A& v g EEAOR A4S 5 e

o

(6) 2B E&T FEjA S(morphometics)] 7d-THA|

O W3 AAE FehAS

O WHe] WMAEEEAN A= A F4: 100% FHE vs 38 oY AFSEH)
2 78

O 7t FHE FAS F Agned JUAS A5t nm

) A= 5 A

O AFHst v A ABEAAYGH A& FAR FEHE 2

O A Wg} vlu Aoles AEd A L& Z3aA7E BolA &=

O #FH=Me AL A Ase&F-2F AR HEE 2

O AlF, Az, A", H#H=9, &9 Ars €49 A A2 Aok aTHE9
-0 Ag7F FAR.

O FHASF As+s T-&3H7] AsiAs b3 dolHrt 2ad

O dHASF At 2AA T &8 ¥t /e 4 oy Ha3} /e

173 2-18. Effect of treatment on body weight change(kg) by month.
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13 2-19. Effect of treatment on pin bone width by month

15-¢
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713 2-20. Distribution of calculated appearance index of the treatment
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th. ONCPS 714 #7453 By 250 A4d &39 &% 9%2 3T =9 A%
(1) o] Add, ARE 71Fe) WAL 24

b As 2

O A guetalA 7% FHo] 7Hs3t BE AHY A 250d311988d 1
9rE 20129 129) 9BF B 7L, AAVL, FX FUsEe] BEA
A2 2 7144 (http://www.kma.go. kn) & 2 28 <=

O 1 F txA AL, 11 AHo g2 7}z Fit 7|2o] @& ad 3 Hav]
2o & W& AASAN, F A9 VFAEY Wt e AAA

24 (time-series analysis)Z o] 83l ZALEH S

b A 9 13

O W 7)ol e twaEd 3 Lo B Yo Ay 257 AT
BEle, AAZL, FE AUGEe] BEX

O Hu71e9 A% d7E md 0.023CH £57 st oy SAHCE F
ofskAl gk (P > 0.05), tiEHEL uid 0.042CH FosHAIP < 0.0D F
Vet AW HAA7IRY A dFelAME A 0.041CH fFofHoz (P
<0.0D) F7bstAaL, AR oAM= S7kskAl k=

O "#HLE FulF=oA FZQl Hslkido] YepA g vhd, gl A=

5o 93 (P < 00D a7 ddE

tzb Ag T A& 0.217, 0.142km# 7+ 4382
- 5dzte] 71=dst JEd, 5= A

24, B, 95, 7HE, A AMAEe] WHE) g

29 1 AL A2 G AU HAAHL=

28] ofstat o .

ACAPY
I3
o
L
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Aversge Temperstare (5C)

A £ @ N
‘ﬂ'&,ﬂﬂd} ‘:El-g'ﬁ e uﬁﬁ‘aa E"ﬂ‘l}l}ﬁ -

By = L2 qms ) T2

Qipal | ey Jihniii il A hil2

Low Temperiture (%)

ik

oy E-'EI"E-EE Bl

Kae = Do) 1 0al )

B,

Faitg = QLAHKS {iis. )

13 2-21. Changes in yearly average temperature,

I¥
| | BT T 2Milid JHEE il

Retwtive Humsility (%)

Rale = 00l inx §

- Wat
@ : =
I.‘.-"G"'5-’!.:l'l£.-'::"" Pl
& A«
Hatg = D40 P00 ) &Lﬁ Q‘ﬁpﬁﬂ
1IER | | i Jifiin 3 i hall

Wilnad Speeed (kb

Bale = <0 21T oAl di] )

04}

Blale = 0 142 (f

191 | 1°FH, Jiuwi Mg JHNE 2

low temperature, relative

humidity, and wind speed over the last 25 years (from Janury, 1988 to December,

2012) in Daegu (open circle) and Daekwanryung (closed circle) (Lee et al.,

Wy

Average Temperature (*C) in Summer

2 a

LS ol g ¥
L e =

R
o B T o g 4

) b

2013).

Average Low Temperatare (*C)p in Summer

Witlioan meghe cooling
e B i)
By, B
J B-Era of o Boaa
e it 08, 2
O {F005) With mght coolmg

Pt = (kT3S qm w3

LRI e (T

[Eao

QORE (S0l

Rme

14 L

11HY [k | B ik Miii4 JiHIE Ml 191HH | Y | LT LN Tisid MNHH ] el

13 2-22. Changes in average temperature and low temperature during the
summer months (June, July and August) over the last 25 years (from Janury, 198¢
to December, 2012) in Daegu (open circle) and Daekwanryung (closed circle).
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Average Temperature (*C) bn Winter Averapge Low Temperature (*C) in Winoer

B B, e & &\ 8
F BB g B e i A
] ¢ g ooy ;= =1 A &
o W a,& Pz, , B,B ‘ﬁ - .3.35 b‘ﬂl‘i

Hale F DR

Rate = 101 Tins) S0

|0 -1 %

19IHH 1 5 15EH Kl 24 2HEE 22 (R 144 15FH JE] 24 2IHER 2
1% 2-23. Changes in average temperature and low temperature during the
winter months (December, January and February) over the last 25 years (from

Janury, 1988 to December, 2012) in Daegu (open circle) and Daekwanryung (closed
circle).

O w&tA 2zt A9E=E o456, 7, 89)3 A2, 1, 2¢)S F&Estd A 25
dztel 713dE 53 Hde=Eet HAAES WIE 24T A3(CaH
2-21 &} 2-22), BolAe FY AYAAE H7|29 WUt AFH AS

Fo17) WEIl ARSIy 229, ol Bl A5 3
o] AWF e AEe FYSL o
@ #X% B, 4% AFE WGP $99 AH GYh ATF S /)2 24 )

(Excel 7] i 2.d)

b As 2 U
O Microsoft Excelg 7]HFo 2 31 399 FUda 7%, 353 2L ALA
= /\]/\Eﬂo 7]_@_ ndz O]—%—o}&i% S

of g 9o YA a7 L S AT F Ae 2P AxHS
TZ3t3A=. CNCPSe 374 REd Z3d&+= Ha 9 242 Fox et al(2004)
of o) A= A+

O xt=Fs] AHestH CNCPS«] 37 REL 259 3 §5, TH5S 1HT F
e ]—r(effectlve temperature index)& AAsta, olo] wat 9o A
E AAZTH A5 A AvdyA aFEFs BAT
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3x 2-8.
e SRR

L7 -20C w9l A9 116
S7F -20C o] 20C wmRkel -9
1.0433—0.0044 x Tc+0.0001 X Tc?
DMIAF dHT 2=7F 20C o) doly drfok= obd A
(1-DMINC) % 0.75+DMINC
dHET 2E7F 20C ofdelar duiordd A 2% 20T o]
DMINC
DMINC (119.62-0.9708 x CETD/100

27.88-(0.456 x Tc)+(0.010754 x TcH)—(0.4905 x RHe)+(0.00088 x RHcA)+(1.
CETI 1507 % (1000/3600) x WS)-(0.126447 x ((1000/3600) X WS)?)+(0.019876 <
Tc X RHE)-(0.046313 X Tc x ((1000/3600) X WS))+(0.4167 X HRS)

El (7.36 - (0.296 x WIND) + (2.55 X HAIR)) X MUDZ2 x HIDE

MudDMI 1-0.01 Xmud

e S ——

CNU_CNM_V 2.0 Management & Envim.nment Model

[T (RITT L

i [ crwwmnis acwn

|

o 3 i O B ]

(CLILLES FR-ER T T

h|

9 2-24. Az 79 &7 2P AE JHF A
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18 RN AN EEFET T
1B =R ES TS (a2 Temp_adg) DOOZET 0007
M OEEe e N R
e T P ENACT) mof Mess
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™ 10 Mol
1T R
L "L A0 Moat'B
¥R R S0 L] B P (NE et TAD Mokl
HOoSE S EMS SN RN GLE R S
ST ERTTT 81 @0 Es
L Menh S 0] BR
Id 1]
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-] 613 Tk alon 8N Y
W e e S 0
-
=W (MEE 000 Ml
28 Hilrres 000 Mcst'ld

LB B WG N rrhag

FEEEEREREEEEEY

Bod s & Y SRN A @FEN oS aF S0
NEmihe 7o S P Wwi gaW

4 511

3 BT

[ EF Wil
|m= L

2-25. 92 FdHE 37 2o {AGHA 4E 2l

O &&°] AFste 25 HUls=e F5o wat g2bd & don, dutdgo
2 FEo] Aste 250 WE 2EHX2E FTAFsH] & 7pE ©@ol o
fEE FAE L9 FEE 183 & - FEA S (temperature-humidity
index, THDE ®o] ©]&3

O A W5 2EX2EHXAE FX337] 93 & - SEATY 44
gk AlEE =] Aen, & - FEAFTE SHIE A4S f8 71E9
A= HEE Y3 T4 0] MEEHAS.

O CNCPSoAM &= 25 FEvto] oiygt F43 dFeIAES #Zo] 118 st
FELZEATE Modstal s&5°] AAZE Afste 255 Abstar UG
2-7, 2-8).

O 119 2-243 2-25& SAAFTE d¥ste 3 dgd SAAF gE o
F BEFEEEY FAAUAIE dFste ASs BEAF e B R
Microsoft Excel 22138 o] &3l T3+

O @A 7id = g oS AdEe} BGEE ASF5t7] AT A
e 2P

Q) FA3} H, 2F= AFTE WFT F9 HH ddL 27F dASF 712 2 g

R Z=274 7|9k =d)
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b Amx 2 Y

O 1xd %= Microsoft Excels 7|¥Fe. 2 3F 399 dokh Q7% FI%F 2L A
AR A F A 2EE 7] BEE S35

O CNUCNM< 7|¥te2 #AR2=o] we 39 waeo] Jga a7 A

A Az REE THIAAS
O R Z237g ogsle] webe 7|Mog & 89 Jda a7F o3 2de

WS 9e 2ol e AA
O B FAA A B WASe AW A% Sz
a7 98l R T2 78S o] &3 HolEuo]~

) 23 5t vz

B Filall

1% 2-26. Development of nutrient prediction model used R program

O ® mde& 1x W% Microsoft ExcelS 7|wF HFEo]d 2dElS o] &39S, 7]
2 2de Ao mE ddFAh 8F7Fe ®sE 1#d CNCPSY 374 =E
< SHstA 71FHS o ME 9o FYAL a7 ¢ WS dFE
e Bl A2HES T39S

O CNCPS9 374 =ZE2 259 M F&E, IEH5S 18 FE=AF
(effective temperature index)& AA3ta, oo wet 9o HUE HAZFH
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F2-11 S U1 A AF AFRe] A 8 SR 44
Ingredients (% DM) Starch Fiber-Fat
Rye grass 25.0 25.0
Corn 27.6 15.0
Wheat 9.7 3.7
Wheat mill 3.7 3.7
Rice bran 2.3 4.5

Soy bean meal 2.5

Soy hulls 2.5 11.0
corn gluten feed 11.7 11.6
Rapeseed meal 2.3 1.3
Palm oil 1.7
Palm kernel meal 2.4 7.8
CMS 0.3
Copra meal 2.3 7.6
DDGS 2.3 0.6
Limestone 2.9 2.9
Mineral mix 0.1 0.1
Vitamin mix 0.1 0.1
NH,CI 0.4 0.4
Salt 0.7 0.8
Molasses 1.6 2.0
CTCZyme

Chemical composition’, % DM or as stated

DM, % as fed 88.9 89.5
CP 14.0 13.8
EE 3.0 5.3
Ash 8.4 9.4
NDF 33.2 42.4
Lignin, % NDF 5.8 5.4
ME, Mcal/kg DM 2.7 2.6
NEy, Mcal/kg DM 1.8 1.7
NE,, Mcal/kg DM 1.2 1.1

‘DM dry matter, CP crude protein, EE ether extract, NDF neutral detergent fiber,
ME metabolizable energy, NEm net energy for maintenance, NEg net energy for
growth.
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$ 1599 o]sle] FAol AFste] 21d olsle] F4lslE AS HRE dof g
O %% mAA9-9o AS 14-22 950 A 4 H7|gx Husta Qo) o
= 35 AALTE VIEo R 3 AEYY FAld A AT #BI AR
ATeA 3 Qe wF 20029 FAE AFAN F WAL RFE
ARESE A ANE Fa] HA H7|7F 14 97, 265 kggbal AAIS Qo
HAA 7] A8 9sh 53 dE 3 AFo] Ay AAE HashA & &
F 2-12. % vl A AY Az
Starch Fiber-Fat SEM P-value
A % (kg)
NA A Z(0E) 238.1 234.4 10.27 0.61
AZ(1¥) 270.8 264.2 9.92 0.35
A F29) 294.5 284.4 9.66 0.15
T 5AF3Y) 319.6 307.4 11.18 0.12
A SA HFHg/d)
1< 1054.9 961.3 98.13 0.19
24 877.8 749.1 99.07 0.07
34 895.6 848.6 130.10 0.60
Z A 942.8 854.0 60.52 0.05
A=A ZFkg/d)
14 6.1 6.1 0.775 0.99
24 8.1 7.4 0.520 0.09
34 7.6 7.7 0.713 0.97
Z A 7.3 7.0 0.417 0.37
ANEQTEAELAAZF/ILGTSAH )
14 5.9 6.6 0.789 0.25
24 10.3 11.2 2.114 0.57
34 9.6 94 1.763 0.84
Z A 8.6 9.0 0.958 0.61
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effect, £ < 0.0D).

O FAA AT FHol WY FPo wet A% vA4se] WA o] BH vl
He S350l AF 7480 TEHE A7l |AH7])ef Alg g W2
Fgo] Folg AFHOE BUY £ 3¢ HOE ABT.
O 2 A7E &9 LE2EY2d e APd Ax vidojets BXE I
Fobn ZoINE. AF 717 5% AUA Aws} B 5 e YW WIS
i, =, 3, dd)e AFAseH, @A &4 Sl A+
O ol me dolHE E4% g, ne 2Ed s o ¢ v]Hee] 4
& ARE vET F Ae AR ARFH 25 2EH 2 99 AuF
AE Wste] #F dolHE FA/IHY AT B o, Al 2 FEI®
A AegtstudAE A&EHoE £33 Fol e A4 IPHD e 2F
gakel 71% dolEel o me Az A® Wi FRHow 3% o
A4
#® 2-13. 3¢ wAAY Ald wE d9 CBC WH3l&F
ltem’ 19 59 69 79  SEM P = value
Overall Linear Quadratic
WBC, 10%/ul 10.67 10.59 10.19 10.01 0.548 0.57 0.17 0.90
RBC, 10%/ul 9.03 8.39 8.42 8.03 0.307 0.01 <0.01 0.57
HGB, g/dL 11.50 10.40 10.80 10.85 0.291 < 0.01 0.09 < 0.01
HCT, % 35.43 33.87 34.29 34.90 0.928 0.35 0.68 0.10
MCV, fL 38.81 40.64 41.01 42.08 0.949 <0.01 <0.01 0.57
MCH, pg 12.85 12.49 12.93 13.09 0.264 0.14 0.16 0.16
MCHC, g/dL 32.49 30.71 31.52 31.09 0.147 < 0.01 <0.01 < 0.01
PLT, 10/ 400.33  384.38  413.23  353.26  31.853 0.27 0.26 0.33
Lympocyte 4.99 4.24 3.71 3.53 0.324 < 0.01 <0.01 0.21
Monocyte 0.23 0.03 0.06 0.04 0.033 0.68 0.47 0.46
Eosinophil 0.62 0.52 0.48 0.49 0.144 0.78 0.38 0.57
Neutrophil 5.04 5.80 5.94 5.96 0.392 0.06 0.02 0.18
RDW, % 18.11 17.95 18.14 18.32 0.279 0.62 0.34 0.40
PCT, % 0.12 0.14 0.14 0.12 0.010 0.19 0.81 0.03
MPV, fL 3.14 3.71 3.35 3.48 0.076 < 0.01 < 0.01 < 0.01
PDW, % 13.92 13.68 13.49 13.65 0.195 0.17 0.11 0.14

* WBC, White blood cell count; RBC, Red blood cell count; HGB, Hemoglobin; HCT,
Hematocrit; MCV, Mean corpuscular volume; MCH, Mean corpuscular hemoglobin; PLT,
Platelet count; RDW, Red cell distribution width; MPV, Mean platelet volume
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o] FARE YE ] Tier 3 WHES o] &3

» DMl = —3481 + 2.668 X ADG + 4548 x 102 x BW — 7.207 x 10°

BW? + 3.867 x 10°® x BW®

O 3% AAMS AA 2 A5 HARE 7 5 (20059 =F& o] &3AS0hA
T 307, A@7IE 22709).

O FARLD AHAUEZ Hristed ZAAFRIZ AHgstgon, Jadxe] 3
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9.5 -
Yy=Xx
g0l Y= O088(X0.04Dx+ L16(£0.315) =
: R’ = 0.88, RMSPE = 0.42 o B Xf
. Slope bias = 0.12 (P < 0.01) O
8.5 .
Mean bias = 0.21 (P <0.01) o0 2 80
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2 15/
2 70
Z s
LT
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Predicted DMI (kg/d)
13 2-36. Regression of observed and predicted dry matter intake (DMI, kg/day)
using the equations presented in the Japanese Tier 3 method. Solid and dotted
lines represent y = x and the best-fit linear regression, respectively, and the
regression equation (dotted line) is presented. RMSPE root mean square prediction
error.
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3 2-14. Ingredient and chemical composition of the experimental diets.

Ingredients (% DM) High-energy Low-energy
Ryegrass  hay 3.0 11.0
Oat straw 7.0 9.0
Wheat straw 6.0 10.0
Corn, Fine 36.2 30.2
Soybean meal 2.1 1.7
Wheat, Fine 42.6 35.5
Limestone, Fine 2.8 2.3
Mineral Vitamin Mix 0.3 0.3

Chemical composition, % DM or as stated
DM, g/kg 88.5 88
CP 13.1 11.1
EE 4.1 2.3
NDF 19.7 34.4
ADF 10.1 15.7
ADL 0.9 14
NDICP 1 0.9
ADICP 0.3 0.3
Ash 7.5 5.2
NEg, Mcal/kg 1.3 1.16

DM, dry matter; CP, crude protein; EE, ether extract; NDF, neutral detergent fiber;
ADF, acid detergent fiber; ADL, acid detergent lignin; NDICP, neutral detergent

insoluble CP; ADICP, acid detergent insoluble CP; NEg, net energy for growth.
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3 2-15. Results of Hanwoo steer rearing experiment

Item” High-energy Low-energy SEM P-value

BW(kg) 600.2 522.5 8.780 <0.01

ADG(kg/d) 0.86 1.12 0.520 <0.01

DMI(kg/d) 8.89 8.68 0.520 0.78

"BW: body weight, ADG: average daily gain, DMI: dry matter intake

3 2-16. Results from evaluation of Hanwoo steer prediction models

Item” Intercept Slope R? RMSPE"

ADG(kg/d) 1.047 -0.0622 0.023 0.617

DMI(kg/d) 8.813 -0.0016 - 3.810

"ADG: average daily gain, DMI: dry matter intake

3 2-17. Results from bias analysis of Hanwoo steer prediction models

Item" Mean P-value Slope P-value

ADG(kg/day) 0.0058 0.89 -1.0622 <0.01

DMi(kg/d) -3.1440 <0.01 -1.0016 0.05

"ADG: average daily gain, DMI: dry matter intake
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THS: 32% timothy + 68% high spec concentrate
TLS: 24% timothy + 76% low spec concentrate
. 24% ryegrass + 76% high spec concentrate
RLS: 17% ryegrass + 83% low spec concentrate
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3 2-18. Ingredients of experimental concentrate diets.

Ingredients (% DM) High spec Low spec
Corn 46.78 30.25
Wheat 5.00 4.99
Rice bran 7.82 5.74
Soy hulls 2.01 12.98
Urea 0.80 0.13
Salt 0.46 0.45
Molasses 2.43 2.42
Ammonium chloride 0.43 0.71
CMS/MSG 0.63 1.07
Soybean meal 2.99 2.98
Gluten feed 18.29 26.16
Limestone 2.27 2.05
Mineral mix 0.11 0.11
Vitamin mix 0.05 0.05
REWORK_RUM 9.92 9.89
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3 2-19. Chemical composition of experimental diets.

ltem” Timothy Ryegrass
High sepc ~ Low spec  High spec  Low spec

DM, % as fed 88.2 89.4 87.8 88.2
CP, %DM 13.8 13.9 13.2 15.4
EE, %DM 4.20 4.15 3.82 4.08
Ash, %DM 6.70 7.43 6.32 7.04
Ca, %DM 0.79 0.77 0.79 0.97
P, %DM 0.45 0.42 0.42 0.54
NDF, %DM 36.6 41.8 37.2 35.9
ADF, %DM 22.2 24.5 22.2 21.6
Lignin, %NDF 3.89 4.04 4.17 4.17
TDN, %DM 71.4 68.9 70.7 71.0
NEm, Mcal/kg 0.75 0.71 0.74 0.74
NEg, Mcal/kg 0.47 0.44 0.46 0.47
NFC, %DM 40.1 34.3 40.9 39.5
NSC, %DM 31.5 28.3 33.4 30.0

'DM: dry matter, CP: crude protein, EE: ether extract, NDF: neutral detergent fiber,
ADF: acid detergent fiber, TDN total digestible nutrients,
maintenance, NEg: net energy for growth, NFC: non-fiber carbohydrate, NSC:

non-structure carbohydrate.
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3 °F 16.5% H& A34E HI.

NEm: net energy for

e UeEhd RLSo| H

O A& #¢ # pHE LS A TS0 HS HYFSHT 5%

< 0.05).

AT

LTS

< 234E HAWP

O A: w9 F 9N Fo ¢t=EYole= HS AHel7-Ec] LS A&l Hls] oF
0

488% &=} (P < 0.09, pHE LS AHgFE°l
A3E Hel (P <0.05.

3.8% HF&
O oA FoI F AT} Fof opHEM] EEAT FAT HTE Brh gola
G AT AelTEo] o 15% ¥& ANE R (
2] golad A8 Fold AeFE Rk HRAE F
6.5% =& 235 B (P < 0.05).
O & @7l Asf, 24ROl T L YA WA 3
Ao o2 Aol Hold YA, HEAS
Fol AE o weh FY AL 5 x2]e ol
A7 B ATE B P 2ARE ob4

HS

A2l g=ol

=]
o

H]

(P < 0.05), =25
oAt A FE] <°F

apolel ol F ARy
g A% ol a2

“}Ol WA oM Esko]

- 230 -




3 2-20. Effect of treatments on body performance, intake and feed conversion ratio.

Treatment ™ P-value
SEM

THS TLS RHS RLS Treatment Forage Concentrate

Initial BW, kg  190.9 1955 1924 191.8 9.62 0.988 0.908 0.841
Final BW, kg 3235 341.8 330.2 321.3 1349 0.709 0.614 0.733

ADG, g/d 951.8 1049.8 988.5 9295  54.04 0.437 0.448 0.722
DM, kg/d 6.62 6.77 6.68 6.53 0.448 0.984 0.846 0.997
FCR 7.81 7.45 6.86 8.22 0.786 0.661 0.909 0.529

TTHS: 32% timothy + 68% high spec concentrate, TLS: 24% timothy + 76% low spec
concentrate, RHS: 24% ryegrass + 76% high spec concentrate, RLS: 17% ryegrass + 83%
low spec concentrate.

3 2-21. Effect of treatments on ruminal pH and NHs-N concentration.

Treatment " P-value
Item THS TLS RHS RLS SEM Total Forage Concentrate FXC
NH;-N, mg/dL
Oh 7.3 11.2 5.9 10.8  2.17 0.31 0.69 0.08 0.82
3h 10.5 8.8 8.3 8.2 1.62 0.73 0.41 0.61 0.63
5h 9.0 104 7.2 114 1.80 0.43 0.85 0.16 0.46
7h 9.4 10.8 11.0 1.7 2.05 0.88 0.56 0.62 0.89
9h 5.3 12.6 5.4 8.3 189 0.08 0.30 0.03 0.27
pH
Oh 7.0 6.5 7.0 6.82  0.08 0.01 0.10 <0.01 0.20
3h 6.4 6.3 6.3 6.4 0.07 0.52 0.97 0.88 0.16
5h 6.2 6.2 6.4 6.2 0.05 0.23 0.19 0.17 0.34
7h 6.3 6.4 6.5 6.3 0.08 0.57 0.45 0.60 0.31
9h 6.6 6.3 6.5 6.3 0.09 0.09 1.00 0.02 0.77

TTHS: 32% timothy + 68% high spec concentrate, TLS: 24% timothy + 76% low
spec concentrate, RHS: 24% ryegrass + 76% high spec concentrate, RLS: 17%
ryegrass + 83% low spec concentrate.

& b Means that do not have common superscripts significantly differ within
treatments (2 < 0.05).
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3% 2-22. Effect of forage source and concentrate spec on ruminal volatile fatty acid.

Treatment " P-value
Item THS TLS RHS RLS SEM Total Forage Concentrate FXxC
Total VFA, mM
Oh 70.0 84.2 65.1 77.6 4.88 0.10 0.27 0.03 0.87
3h 79.8 82.3 74.2 74.8 4.16 0.49 0.15 0.72 0.83
5h 76.1 82.8 72.9 76.4 3.50 0.31 0.21 0.18 0.65
7h 75.1 75.7 74.0 70.2 3.38 0.67 0.35 0.64 0.54
9h 67.7 79.9 63.8 67.2 3.83 0.07 0.06 0.08 0.28
Acetate, mmol/mol
Oh 650 639 662 633 6.0 0.04 0.65 0.01 0.16
3h 638 644 652 636 4.8 0.15 0.58 0.28 0.05
5h 639° 640° 657° 631° 3.7 0.01 0.26 0.01 0.01
7h 639 649 652 641 5.6 0.37 0.74 0.93 0.10
9h 655¢ 650° 668° 6582 3.2 0.03 0.01 0.05 0.45
Propionate, mmol/mol
Oh 190 191 187 200 4.8 0.31 0.59 0.19 0.21
3h 204 188 194 207 5.0 0.10 0.38 0.75 0.02
5h 2022 1922 189° 207° 3.8 0.03 0.75 0.33 0.01
7h 204 196 195 203 4.8 0.46 0.79 0.95 0.14
9h 203? 1922 179° 1907 5.2 0.06 0.04 0.92 0.06
A:P ratio
Oh 3.4 3.4 3.6 3.2 0.10 0.13 0.90 0.06 0.14
3h 3.2 3.5 3.4 3.1 0.10 0.07 0.70 0.91 0.01
5h 3.2° 3.4% 3.5? 3.1° 0.06 0.01 0.76 0.07 0.00
7h 3.2 3.3 3.4 3.2 0.09 0.44 0.78 0.78 0.13
9h 3.4° 3.4% 3.8? 3.5% 0.10 0.05 0.02 0.26 0.11

TTHS: 32% timothy + 68% high spec concentrate, TLS: 24% timothy + 76% low spec
concentrate, RHS: 24% ryegrass

low spec concentrate.

+ 76% high spec concentrate, RLS: 17% ryegrass + 83%

& b Means that do not have common superscripts significantly differ within treatments (P

< 0.05).
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1% 2-44. Regression of carcass measures (intramuscular fat content and

back-fat thickness) after slaughter against those estimated using the ultrasound

measurement in the three months prior to slaughter
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3 2-23. Ingredient and chemical composition of the experimental diets

Ingredients (% DM) Starch Fiber-Fat
Rye grass 25.0 25.0
Corn 27.6 15.0
Wheat 9.7 3.7
Wheat mill 3.7 3.7
Rice bran 2.3 4.5
Soy bean meal 2.5
Soy hulls 2.5 11.0
corn gluten feed 11.7 11.6
Rapeseed meal 2.3 1.3
Palm oil 1.7
Palm kernel meal 2.4 7.8
CMS 0.3
Copra meal 2.3 7.6
DDGS 2.3 0.6
Limestone 2.9 2.9
Mineral mix 0.1 0.1
Vitamin mix 0.1 0.1
NH,CI 0.4 0.4
Salt 0.7 0.8
Molasses 1.6 2.0
CTCZyme

Chemical composition, % DM or as stated
DM, % as fed 88.9 89.5
CP 14.0 13.8
EE 3.0 5.3
Ash 8.4 94
NDF 33.2 42.4
Lignin, % NDF 5.8 5.4
ME, Mcal/kg DM 2.7 2.6
NEy, Mcal/kg DM 1.8 1.7
NE,, Mcal/kg DM 1.2 1.1

‘DM dry matter, CP crude protein, EE ether extract, NDF neutral detergent fiber,
ME metabolizable energy, NEm net energy for maintenance, NEg net energy for

growth.
b A3 2 1
O JA¥F +4
2

365F7F dAlddl skl em
FEH &L B5%Ie A
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3 2-24. Results of hanwoo rearing experiment
Item’ Starch Fiber-Fat SEM P-value
BW(kg)
Initial BW 238.1 234.4 5.00 0.60
Final BW 440.6 429.8 6.50 0.25
ADG(kg/d) 0.67 0.65 0.017 0.35
DMI(kg/d) 7.00 0.158 0.54

"BW: body weight, ADG: average daily gain, DMI: dry matter intake

3 2-25. Effect of treatment on pregnancy and Al

Starch Fiber-Fat
Number of times Al(n) 24 2.5
Final Al 2014-09-03 2014-09-10
Parturition period(d) 290.4 287.7
Pregnancy rate(%) 95 85
Previous BW of parturition(kg) 486.6 459.6

Al artificial insemination
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13 2-50. Effect of treatment on body weight change(kg) by 2 weeks.
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3 2-26. Effect of treatment on BW ADG and DMI.

Item” Starch Fiber-Fat SEM P-value
BW(kg)
BW at birth 28.14 24.82 1.046 0.04
BW at 2wk 36.45 34.50 1.629 0.40
BW at 4wk 42.91 42.23 2.312 0.84
BW at 6wk 49.41 48.91 2.964 0.91
BW at 8wk 57.64 56.45 2.904 0.78
BW(kg/d) 42.91 41.38 1.998 0.59
ADG(kg/d) 0.53 0.56 0.047 0.58
DMI(g/d)
Forage 29.7 48.3 6.21 0.05
Concentrate 93.2 149.8 15.97 0.02
Milk replacer 708.7 677.0 42.63 0.72

"BW: body weight, ADG: average daily gain, DMI: dry matter intake

3 2-27. Effect of treatment on reproductive performance.

Early weaning Conventional rearing SEM  P-value

Post partum day(d) 58.8 68.7 4.43 0.05

Estrus/Total 13/16 10/15
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3 2-28. Diet formulation (g/kg DM) of the experimental diets.

Ingredients (g/kg DM) Glucogenic diet Lipogenic diet
Ryegrass straw 548 545
Corn, ground 152 47
kWheat, ground 133 25
Wheat bran 5 81
Rice bran 19 ol
Soybean hull 28 82
Corn gluted feed 0 35
DDGS 0 15
palm oil 0 12
Palm kernel meal 53 93
Soybean meal 10 10
Rapeseed meal 8 8
Copra meal 2 1
Molasses 13 13
Limestone 13 12
Salt 6 6
CMS 5 5
Urea 3 0
Ammonium chloride 2 0
Vitamin and mineral mix " 2 2

733,330,000 1U/kg vitamin A, 40,000,000 1U/kg vitamin D, 20.86 IU/kg vitamin E, 20
mg/kg Cu, 90 mg/kg Mn, 100 mg/kg Zn, 250 mg/kg Fe, 0.4 mg/kg I, and 0.4 mg/kg
Se.
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3 2-29. Analyzed chemical composition of the experimental diets.

Item (g/kg DM or as stated) Glucogenic diet Lipogenic diet
DM, g/kg as fed 904 890
OM 935 938
CP 81 73
SOLP 31 28
NDICP 20 19
ADICP 15 13
aNDF 625 652
ADF 370 406
ADL 65 66
Ether extract 20 29
Ash 65 62
Ca 6 6
P 2 2
K 15 17
Na 2 1
Cl 4 3
S 2 2
Mg 2 2
TDN 572 576
NEm, MJ/kg DM 4.9 5.0
NEg, MJ/kg DM 2.6 2.7
Total carbohydrate 834 837
NFC 231 204
Carbohydrate fraction, g/kg carbogydrate
CA 68 78
CB1 123 81
CB2 85 85
CB3 538 568
CcC 187 188
Protein fraction, g/kg CP
PA+B1 383 384
PB2 364 355
PB3 62 78
PC 191 184

‘DM dry matter, OM organic matter, CP crude protein, SOLP soluble CP, NDICP neutral
detergent insoluble CP, ADICP acid detergent insoluble CP, aNDF neutral detergent fiber
analyzed using a heat stable amylase and expressed inclusive of residual ash, ADF acid
detergent fiber, ADL acid detergent lignin, TDN total digestible nutrients, NEm net
energy for maintenance, NEg net energy for growth, NFC non-fiber carbohydrate, CA
carbohydrate A fraction, ethanol soluble carbohydrates, CB1 carbohydrate Bl fraction,
starch, CB2 carbohydrate B2 fraction, soluble fiber, CB3 carbohydrate B3 fraction,
available insoluble fiber, CC carbohydrate C fraction, unavailable carbohydrate, PA + Bl
protein A and BI fractions, soluble CP, PB2 protein B2 fraction, intermediate degradable
CP, PB3 protein B3 fraction, slowly degradable fiber-bound CP, PC protein C fraction,
unavailable CP.
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3 2-30. Diet composition

of the experiment diets

Item*

Total mixed ration'

Mixed hay cubes?

DM, g/kg of as fed
OM

CP

EE

aNDF

ADL

NEm, MJ/kg og DM
NEg, MJ/kg og DM

892
911
139
42
378
56
7.3
4.8

873
840
141
17
524
81
4.0
1.8

*DM, dry matter; OM, organic matter; CP, crude protein; EE, ether extract;
aNDF, neutral detergent fiber analyzed using a heat stable amylase and
expressed inclusive of residual ash; ADL, acid detergent lignin; NEm, net energy
for maintenance; NEg, net energy for growth.

1250 g/kg ryegrass straw and 750 g/kg concentrate mix.

2500 g/kg alfalfa, 250 g/kg timothy, and 250 g/kg bluegrass hay.

(W) 23 51 nZ

O PG A= SG A7l Hlsl 22% T A Atmzxo WEsts 25 H
A= (GE 2-3D.

O I3y, PG Ag7+ SG A7 Hlalste] Atz 39% ¥ B2 Ate
Hylow e T 40% o B2 AARE AAsE.

O A#Ao 2 PG AHET9 /MAEL SG ATl vl As A 23% o
B2 AREE B 16% B =& AdEAFEe UEEE

O A3 71 T L9 TAEFS SC 72T PG ATl & &S HS
=+(3& 2-32).

O & 7 2= 3y A7t A= ARE Adsidle W AEE 34 5,
U e AL EA7E 25 AR AF AR R AFHEE STHIAE
O As BAFIIS
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3% 2-31. Effect of single vs. paired housing on feed intake and eating behavior of
pregnant Hanwoo heifers.

tem* 1" month 2" month SEM P-value
PG! SG* PG SG Housing Month HxM
DMI, kg 7.2 6.1 84 7.3 0.28 <0.001  <0.001  0.928

Eating frequency
(meal/day) 26.3 31.0 233 328 3.09 0.026 0.844  0.448

DMI per meal
(g/meal) 294 223 408 280 42,5 0.024 0.051 0.511

Time spent eating
(min/day) 170 126 191 167 125 0.015 0.027  0.478

Eating duration
(min/meal/day) 6.8 4.7 89 6.6 0.93 0.025 0.037 0.872

Eating rate (g/min) 43.9 609 452 474 593 0.114 0.315 0.221

*DMI, dry matter intake
Paired housing group (n = 12).

’Single housing group (n = 11).

““Mean that do not have common superscripts differ (2 < 0.05).

3* 2-32. Effect of single vs. paired housing on body weight and feed efficiency
of pregnant Hanwoo heifers.

e 1™ month 24 month SEM P-value
em
PG'  SG? PG SG Housing Month ~ HxM

Initial BW, kg 437 438 471 463 9.0 0.694 0.002 0.647
Final BW, kg 471 463 484 475 9.5 0.409 0.190  0.979
ADG, g 1,162 876 463 445 85.4 0.083 <0.001  0.124
FCR 6.7 7.3 234 136 3.73 0.224 0.004  0.177

*BW, body weight; ADG, average daily gain; FCR, feed conversion ratio calculated as
dry matter intake (g) divided by ADG (g).

Paired housing group (n = 12).

’Single housing group (n = 1D).

““Mean that do not have common superscripts differ (£ < 0.05).
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F EE 1250 olf A7E AZTE 2x2 23 AAE AN
o

O t&Hf= sk 33, 8, 12, 1740l F3h
O AT 42 AN AT 45, 85, 125, 2453 (F 671D)oll AAF.

3 2-33. Chemical composition(g/kg DM or as fed) of milk replacer.

Item Milk replacer '
DM(g/kg as fed) 971
CP 206
EE 175
Ash 100
Ca 13
P 7

TTeliac; LNB International Feed G. V., Nisterlrode, Netherlands.

(b})ﬁﬂr“ L,

AT 4% F, olrleh B AT Be AdE @ AT A
nE| ojnje} AAA tERE FAT A2l Fol mate] AFol oF 7.05kg

< A3E 1Y (P<0.05).

O A% 8% F, ojulst @A AR V& AR F AT AF 5
SE ofmlel AYAA UEFE FAT ATHTh ATl o Tdkg BL

5<¢

5
=

FE BYD (P < 0.05, o] A 7o 2 {27 2olx= Holx Al

Fol olfate Aot FAHOR oF 6okg ¥ AF}E M.

o

S i, ot

O 7]l 7M¢ =39 AF 12FH@D)olA ofu|e} o] AS3E A7 4%
S Foll ofme} AZAZ ATl Bl AlFol oF 8.9kg =kl 125l o]+

& Al ot 87l ol 4% Ael ol wls) AFol of 126kg e ANE B
(P < 0.05).

O A% UFANA AA7 g} ol gA7Ie] BE AF) EAA FoIHE wolA
FUA, AF 59 F ojrish ALAA BHERE Foldw 12F F 48
Ad AT B ﬂl%o] 1442kg o2 71 =gk, ojvl¢gl Ag] T Tef

Folata 8% ¥ o3 AW AeTe BF AFo| 1282kgoz Y @

=
o Ane n9.

O ¥ AT A%, #eAYE 3
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Aol %7 Agste A B}k Folx <

N
ol sh= ol 87l olf sh= o) u]

X ;g

O I8y IR22Ed 2 Ao A% 5Y F FE dHE&ERE 5493 A7t
iR o

& 7N
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3% 2-34. Body weight of calf by treatment.

With dam Milk replacer (MR) P-value
8 weeks 12 weeks 8 weeks 12 weeks oM Method Week MXW
n 8 7 8 9
Initial 24.1 27.0 27.4 26.2 144 0383 0.555 0.166
Week 4 44.3 47.4 37.9 39.7 2.53 0.010 0.353 0.794
Week 8 55.9 61.8 47.5 55.4 364 0.029 0118 0.586
Week 12 70.4 80.1 58.6 74.1 4.08 0.038  0.005 0.478

Week 24  140.9 138.3 128.2 144.2 5.66  0.553  0.249 0.111

1688 -
140 - |
—
120 < ,_r-" T
1o - . i__.__-.- _d-f!-
M ..-.:' -'-F'_,-I'F'-
- 0 - e~
g --_ e __.,-'"'"--
= &0 BT, =
e
40 _._-;';_'_ﬂ-—__
1n s
v f T T ™ T
E] | E 11 L& rLi] a4
b '-'I_:_" -:"u'u'l!i'l-.:-
—a—Dam Swk ——Dam [Jwk —=—LE Eak —=- '.'u.!?.lﬂl.l.t

1% 2-52. Calf body weight by treatment. Dam_8wk; traditional separate with dam
and weaning 8wk, Dam_12wk; traditional separate with dam and weaning 12wk
with dam, MR_8wk; feed milk replacer after bdays and weaning 8wk, MR_12wk;
feed milk replacer after 5days and weaning 12wk.

- 252 -




(13) 3¢ AA HIFFolA e n22EH2 AZe A HA7MAICRH Eotw| =) F7}
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O 4@Zol MXY R W B S A4F 255 /1S ADTR-305, GONDO,
Taiwan)® AXs}Q3, 308 HAow ZHHES 44T
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Tof HAARXES] HALEE AT
O A= AE  AAFEHY 3AAE AL #8l  THI
(Temperature-Humidity Index)E A3},

O £ Ao AH&H THI= ofgiet 22 Ao = A4kg (Linvill and Pardue
1992).
p THI = 7]12(° O + 0.36 X o]&x 2%(° C) + 41.2
P olsd s 7AAY I8 AR QRIGE TIFEoE
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= =
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3 2-35. Diet composition of the experiment diets

Ingredient glkg
Corn flaked 236.0
Wheat fine 319.0
Gluten feed 200.0
Palm kernel meal 70.0
Copra meal 87.0
Soy hulls 39.0
Molasses 27.0
Limestone 15.0
Urea 4.6
Sodium bicarbonate 3.0
Salt 2.0
Ammonium chloride 1.5
Vitamin and mineral mix’ 13.0

"33,330,000 1U/kg vitamin A, 40,000,000 1U/kg vitamin D, 20.86 IU/kg vitamin E,
20 mg/kg Cu, 90 mg/kg Mn, 100 mg/kg Zn, 250 mg/kg Fe, 0.4 mg/kg I, and
0.4 mg/kg Se.

3 2-36. Analyzed chemical composition of the experimental diets.

Item” Concentrate Ryegrass
DM, g/kg as fed 877.0 912.0
OM 927.0 927.0
CP 170.0 65.0
SOLP 90.0 35.0
NDICP 28.9 15.0
ADICP 9.3 13.0
aNDF 325.0 748.0
ADF 141.0 512.0
ADL 33.7 88.0
Ehter extract 39.0 7.0
Ash 73.0 73.0
Ca 10.0 4.0
P 6.0 1.0
K 11.0 20.0
Na 2.9 1.0
Cl 6.0 7.0
S 4.0 2.0
Mg 4.0 2.0
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TDN 731.0 474.0

NEm, MJ/kg DM 7.1 1.8
NEg, MJ/kg DM 4.5 0.8
Total carbohydrate 747.0 870.0
NFC 422.0 122.0
Ethanol Soluble CHO 46.0 40.0
Starch 320.0 14.0

‘DM dry matter, OM organic matter, CP crude protein, SOLP soluble CP,
NDICP neutral detergent insoluble CP, ADICP acid detergent insoluble CP,
aNDF neutral detergent fiber analyzed using a heat stable amylase and
expressed inclusive of residual ash, ADF acid detergent fiber, ADL acid
detergent lignin, TDN total digestible nutrients, NEm net energy for
maintenance, NEg net energy for growth, NFC non-fiber carbohydrate, CA
carbohydrate A fraction, ethanol soluble carbohydrates, CB1 carbohydrate Bl
fraction, starch, CB2 carbohydrate B2 fraction, soluble fiber, CB3 carbohydrate
B3 fraction, available insoluble fiber, CC carbohydrate C fraction, unavailable
carbohydrate, PA + Bl protein A and Bl fractions, soluble CP, PB2 protein B2
fraction, intermediate degradable CP, PB3 protein B3 fraction, slowly
degradable fiber-bound CP, PC protein C fraction, unavailable CP

(W) 23 51 nz

¥ 2-37. Effect of acetaminophen (AAP) on growth performance in Hanwoo
steers

Item” Control AAP SEM P-value
Initial BW, kg 383.00 382.80 16.140 0.994
Final BW, kg 459.00 465.20 18.380 0.810
ADG, g 766.20 840.90 90.460 0.560
DMI, kg/d 7.36 6.94 0.305 0.341
CDMI, kg/d 5.67 5.24 0.295 0.319
FDMI, kg/d 1.69 1.70 0.110 0.962
FCR 9.99 8.27 0.971 0.237

‘BW: body weight, ADG: average daily gain, DMI: dry matter intake, CDMI:
concentrate dry matter intake, FDMI: forage dry matter intake, FCR: feed
conversion ratio
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719 2-53. The relationship between temperature and dry matter intake (DMI)
from total experiment period. The close circle (@) represent average DMI with
all animals (control and acetaminophen supplementation, n = 8).
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1% 2-54. The relationship between THI and dry matter intake (DMD from
total experiment period. The close circle (@) represent average DMI with all
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animals (control and acetaminophen supplementation, n = 8).

O & A7 A3, THIE ol &3ty vla-o HAF T4 A5 T =+ A=

O =ulollA THIZ} w552 A& AFAT A= 9Tl o3t Bis A9 §
Ao, F2 A2oA AfFiFel v FEFS dSst=dH ol&Ho 7] o
Zoll(Kwak and Ha, 1996), & 7 Z3#& T8l WIS %L a7
Ste AR E EO Ads 39T 5 S AL o8,

O A&z AAF el v597F 2a3 IdL 27%E 2455 ARE W9
gAY & e, olF Tl HlSeY YL 87" B Agd He
QFH o] f(safe margin)S HAsIste] ALRWH]E ZFoli H|S9] PPar Q
T Bo A Fo5e AeE € AFEES =Y g de A= 94

(14) 3¢ wANAAY nerEHA ARS Y3 HIVAI(Saccharomyces

O % mAAS 165(HF 343 + 292 kg, Ho 13.5€98)E o] &3dta] oF
A AFER S AAR
O ZA ARE 3¢ W9 g0z AT Z2 wFARSY golagAs Fo3

O A¥FL dddoujA e E wiAstR L, A7+ thxFe Saccharomyces
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O AtE Fo+ wld 24 8A1¢ 174 WFAIEE AT 1%E Agste 1Y 2
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O AA#H2 wid A3, WiFAEE A 59 08 & AFE TA5IH
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O Ak A&

O JAxlge g3 &
A2 &

AET8 35

O SAS package (SAS Institute, Cary, NC)2] MIXED procedureE ©]&3le] 43
ZF 9 ZA48 BEA3la, pregnancy rate: Logistic descendingS o] &3t 2
& AAE

Pregnancy rate =

3 2-38. Diet formulation of the experimental diets.

Ingredient glkg
Wheat fine 322
Wheat mill 22
Rice bran 11
Gluten feed 244
Salt 10
Molasses 39
Corn flour 21
Pam kernel meal 133
CMS/MSG 17
Copra meal 89
DDGS corn 22
Corn carrier 6.7
Limestone 60
Vitamin and mineral mix’ 2.0

"33,330,000 IU/kg vitamin A, 40,000,000 IU/kg vitamin D, 20.86 IU/kg vitamin E,
20 mg/kg Cu, 90 mg/kg Mn, 100 mg/kg Zn, 250 mg/kg Fe, 0.4 mg/kg I, and 0.4
mg/kg Se.
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# 2-39. Analyzed composition of the experimental diets.

Item” Concentrate Ryegrass
DM, g/kg as fed 880 912
OM 913 927
CP 172 65
SOLP 89 35
NDICP 34 15
ADICP 13 13
aNDF 338 748
ADF 151 512
ADL 38 88
Ehter extract 37 7
Ash 87 73
Ca 17 4
P 6 1
K 11 20
Na 2 1
Cl 9 7
S 4 2
Mg 3 2
TDN 707 474
NEm, MJ/kg DM 6.8 1.8
NEg, MJ/kg DM 4.2 0.8
Total carbohydrate 738 870
NFC 400 122
Carbohydrate fractions, g/kg carbohydrate
CA 70 46
CB1 371 16
CB2 100 60
CB3 302 601
CcC 123 242
Protein fractions, g/kg CP
PA + Bl 517 538
PB2 287 229
PB3 122 31
PC 74 202

‘DM dry matter, OM organic matter, CP crude protein, SOLP soluble CP, NDICP neutral
detergent insoluble CP, ADICP acid detergent insoluble CP, aNDF neutral detergent fiber
analyzed using a heat stable amylase and expressed inclusive of residual ash, ADF acid
detergent fiber, ADL acid detergent lignin, TDN total digestible nutrients, NEm net
energy for maintenance, NEg net energy for growth, NFC non-fiber carbohydrate, CA
carbohydrate A fraction, ethanol soluble carbohydrates, CB1 carbohydrate Bl fraction,
starch, CB2 carbohydrate B2 fraction, soluble fiber, CB3 carbohydrate B3 fraction,
available insoluble fiber, CC carbohydrate C fraction, unavailable carbohydrate, PA + Bl
protein A and Bl fractions, soluble CP, PB2 protein B2 fraction, intermediate degradable
CP, PB3 protein B3 fraction, slowly degradable fiber-bound CP, PC protein C fraction,
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unavailable CP.

b A3 g uF

O SCo| A7F Al diz7ol vls) A JAF 48 AT oF 23% =3, A5 27

&2 °F 36.2% *& AAE HAAN, FAZFSE FoZl zolE Holx

rk=(P > 005) dd FAFS SC A7 iz AHFERo 1344

gld & ¢S RYWP = 0.082).

O A= *dﬂ% —8— SC Ag77F thzFoll Hlal vidtAls, AR, T A& AHAF
o] Z+z}+ <F 6.4%, 3.9%, 5.3%%F —/F‘Z]xqoi 2 A5 BAWP > 0.05).

O oF 7IxF & tx=79 SC AT+ BF AF T3S 73 AAT =771
SC A&+l Hls] pregnancy rate’} 14.28%P =2 A7E HYAY EAA
ol fojA2 HolA FL(P > 0.05).

O o5& 12 2EdH 2 &AM 9 mALoA SCo HIte d9 SAF
I AHZFES WA AAFE AAE BAJAAR, HA 58 N a3 &

¥ 2-40. The effects of Saccharomyces cerevisiae (SC) on growth performance in
Hanwoo heifers

Treatment
SEM P-value
Control SC

Initial BW, kg 341.7 343.4 11.02 0.912
First Al BW, kg 349.8 357.8 11.33 0.623
ADG, g/d 171.5 305.9 51.06 0.084
DMI, kg/d

Concentrate 2.83 3.01 0.112 0.275
Forage 2.29 2.38 0.124 0.619
Total 5.12 5.39 0.184 0.317
FCR 46.05 29.38 11.818 0.336

3 2-41. Effects of Saccharomyces cerevisiae (SC) on reproduction during summer
season

Treatment
AOR? P-value
Control SC
Number of Al')n 7 7 - -
Pregnancy rate, % 57.14 42.86 1.67(0.23-12.22) 0.615

AT = artificial insemination
?AOR = adjusted odds ratio
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1% 2-55. Flow chart of artificial insemination(Al) strategy.

(15) 7] g v A HUHA(EY) B A (RE 2EH2 AR AR

< 97

b As 2 Wy

O &% 9tx 1552 630.1 kg + 6343 ko) o] &3t =3 93 7} Ao
Age AAg

O FA Ate+ HiFAIRS ZoladAE FHsden, Bd  HIHAe
GLOBATAN®(Global Nutrition International, Fougeéres, France)Z o]-&3}
» Globatan® 7}EsiAd ghdo=z wh)F(sweet chestnut tree)oll X FZ&
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et

g4 ehd EH(esteric# glycosidic tannin)2 75% 33k
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(Laser methane detector; LMD)E ©| &3t g % 4 & 443 A AE

O 7/IA 1+ & 543 AT 2 dg Y x4 T4 s&
g 4 FXEo blockes Fi ¢ ¢4 15FE tEzT &

%2} 1%, 852 WX,

O MEAAE FAFe FEATH (129 B AGEE T Bol we
@ A

9 1.5%9] HiFgARE A3
A (g, Korea)E o] &3] Afa12lst== g

O AW /N7 AR A7 1F, B AQIHE 8FE shol FAL.

O Mg Foft 24 8A9h oF 5Ad FAT Fe o] 28 FoIsAL, &
S AR B2 AREA HANES G

O 9F3re] BUIIZ B ABHAL, AF, 4= 5o HolHE FHD

# 2-42. Diet formulation and analyzed composition of the experimental diets

Ingredient glkg
Corn flaked 248.70
Wheat fine 236.60
Gluten feed 94.74
Palm kernel meal 82.90
Copra meal 60.60
Soy hulls 47.40
Corn ground 41.00
Whole cottonseed 35.50
Molasses 32.00
Rice bran 23.70
Wheat bran 23.70
Cottonseed hulls 17.80
Limestone 16.30
Beet pulp 11.80
Palm oil 7.50
CMS/MSG 7.10
Urea 9.50
Sodium bicarbonate 3.60
Salt 1.80
Vitamin and mineral mix* 1.80

"33,330,000 IU/kg vitamin A, 40,000,000 IU/kg vitamin D, 20.86 IU/kg vitamin E, 20
mg/kg Cu, 90 mg/kg Mn, 100 mg/kg Zn, 250 mg/kg Fe, 0.4 mg/kg I, and 0.4
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mg/kg Se

i3 2-43. Analyzed composition of the experimental diets
Item” Concentrate Ryegrass
DM, g/kg as fed 873 912
OM 934 927
Cp 155 65
SOLP 71 35
NDICP 27 15
ADICP 11 13
aNDF 311 748
ADF 155 512
ADL 38 88
Ehter extract 43 7
Ash 66 73
Ca 10 4
p 5 1
K 9 20
Na 3 1
Cl 4 7
S 3 2
Mg 3 2
TDN 741 474
NEm, MJ/kg DM 3.3 1.8
NEg, MJ/kg DM 2.1 0.8
Total carbohydrate 764 870
NFC 453 122
Ethanol soluble CHO 57 40
Starch 368 14

‘DM: dry matter, OM: organic matter, CP: crude protein, SOLP: soluble CP,
NDICP: neutral detergent insoluble CP, ADICP: acid detergent insoluble CP,
aNDF: neutral detergent fiber analyzed using a heat stable amylase and
expressed inclusive of residual ash, ADF: acid detergent fiber, ADL: acid

detergent lignin, TDN:

total digestible nutrients,

NEm: net energy for

maintenance, NEg: net energy for growth, NFC: non-fiber carbohydrate

() 23 5t vz

O AN AF B FE AFAAE 2P U T Bok 47 6.2kg, 15.3kg
0o #e BRPoU BAR folds EANA ARLP > 0.05)
O 49 FAFEL fET/ vd APFRY ° Egod FAROE folaA
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gRhom(P > 0.05), AE HAFANE AolE HolX L3k5(P > 0.05).

O Average daily gain (ADG)«] A tizTFolA 635.2g0]aL Bd ATl A
392.5 go & WhxT7) 242.7¢ O EShou TAA FoAvt EA A LR (P
> 0.05).

O Dry matter intake (DMD =3 tizT7} 0.64kg/d B EUAT EAA Foxt
7F EAEA k= (P > 0.05).

O Concentrate dry matter intake (CDMD<} Forage dry matter intake (FDMD+
thx=77F Zk2F 0.45kg/d, 0.09kg/d ©f =kAIRE BAA {7t EAEA &
k(P > 0.05).

O Feed conversion rate (FCR)-2 tjZ7&= 16.1, & A F& 2652 tjZ=+ 9

@G AdE BRoy FoFQl Aol 1 & 4 fiA=T(P > 0.05), ©

=Y A&l oA A Welrt Wi =7 e Yehd AdE A

@)
D L Y A« |

AF At BB AA Wizt 27] WE VUl A A 4
A AL EAE e TR ofel Aot HAT B ADGH A
08 E}ES Hol el At Be) PP RAH HoE F
Uokee A T 5 AU

3 2-44. The effects of tannin on growth performance in Hanwoo cows

Item” Control Tannin SEM P-value
Initial BW, kg 633.4 627.2 24.85 0.859
Final BW, kg 670.1 654.8 6.27 0.359
ADG, g 635.2 392.5 99.51 0.359
DMI, kg/d 8.2 7.6 0.53 0.194
CDMI, kg/d 6.2 5.7 0.37 0.231
FDMI, kg/d 1.9 1.8 0.21 0.427
FCR 16.1 26.5 6.23 0.887

‘BW: body weight, ADG: average daily gain, DMI: dry matter intake, CDMI:
concentrate dry matter intake, FDMI: forage dry matter intake, FCR: feed
conversion ratio

O gd A+ 243 A 1, 3 75 Foll Hded vg T4 F=oAM =+
o} BAA FAE HolA| &shk=(P > 0.05).

=

O F7F Exoz 7} =34 7|17td= difference £4& S wde A7y &3
7 AA™ 713kl AEAE B E
O 7/IA A ZAT wWig sxote] Aololde thz7ok &d AH2F+e Aole
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UERA] & %5(P > 0.05).
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3% 2-45. The effects of tannin on methane concentration in Hanwoo cows

Item” Control Tannin SEM P-value
Initial, ppm-m/kg DMI 5.03 4.44 0.535 0.325
1 Week 3.79 3.66 0.305 0.078
3 Week 4.25 4.06 0.431 0.224
7 Week 4.33 4.24 0.287 0.737

‘DMI: dry matter intake
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A Strtardized methans or B Strardized methane or
concorirafinn alter onn wiek concorirafinn alter e wesk
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. . R = 0 0a3
. R = DLOZ5T W
-1.4 ._ 10 -1.4 D O 14
SAMMiNEIe et SAMMiNEIe et
concainion I.-tmr e onset o . concainion I.-tmr e onset L]
of e Wil [ppm-misg DI of e Wil [ppm-misg DI o
O Contral O Contral .
B Tanmn supplemantalion B Tanmn supplemantalion
0.7 0.7
c Storsdardized methars 0.7 ] Sirdardized mathars or
concorirafinn alte gan wank concorirafinn alter e wesk
aof tha riad fippim-mfg DT aof tha irial fppme-mdg DM
R"= 00259
A4 f@" 14 14 14
[P P TR T ® O SAMMiEIed mernn
concaeTirmion I.-tmr e onset cancainmison m ey
of e tial (- DR of st [ppm-rmieg DRy
O Conbral O Contral
& Tanmin supplamantation & Tannin supplemsantalion
0.7 af

1% 2-56. The difference of methane concentration between each measured periods in
Hanwoo cows. The open circle (O) represent difference between the median of methane
production from all animals (control and tannin supplementation, n = 15) and the methane
production from the control (n = 7) and the closed circle (@) represent difference between
the median of methane production from all animals (control and tannin supplementation, n
= 15) and the methane production from the tannin supplementation (n = 8).

(16) 2&7] &5 Mo neud g AR Wt Y (25 2Ed: AR A
% A7)

b As 2 Wy
O FAHEE AT &AT FEdisty sEAdATAE ANA ¢ B SF
R2FE o] &3ty 20173 7€ 6Y ~ 109 9¥Y7HA] 3L AMY HEES
A3
= Zd4HT 19749 £ 0.6 7f€¥, 663 £ 58.6 kg), w74t
4%, 555 + 45.8 kg), AAS 85726 = 0.3 7/N<L=, 649
35.7 kgolH, 4ES
design o2 #-& wFASE
of wix] gk
O AFo=® AR AgHAFo] 2AE = sty ARx7E AAH ol 2574 A
313, AtE+ TMRE FHE 1Y 23] g3t A-RFAAES 3
O Ag7¥ TMRe s uignle} dda 242 247 1 2-469F 1 2-479

2207 3l W3 (completely randomized block
FoFHM 2= 1awE 3 aFAEH )

H
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B Qs Ag AAl 9A dzTet AT TDN e 75%= Y
o, oA e 2T 15.6%, AT 17.3%= A7 L7%p =
o

¥ 2-46. Diet formulation and chemical composition (g/kg DM or as stated) of
the experimental diets.

Item Control High protein
Tall fescue 62 62
Ryegrass straw 62 62
Corn, flaked 225 222
Corn, ground 58 26
Wheat, ground 195 202
Corn gluten feed 192 170
DDGS 41 94
Soy hulls 84 83
Whole cotton seed 28 27
Extruded linseed

Palm oil

Molasses 22 22
CMS 10

Urea 0

NHA4Cl 2

Limestone 8 10
Salt 2 2
Vitamin and mineral mix" 2 1

"33,330,000 IU/kg vitamin A, 40,000,000 [U/kg vitamin D, 20.86 IU/kg vitamin E,
20 mg/kg Cu, 90 mg/kg Mn, 100 mg/kg Zn, 250 mg/kg Fe, 0.4 mg/kg I, and 0.4
mg/kg Se.
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3 2-47. Analyzed chemical composition (g/lkg DM or as stated) of experimental diets

Item’ Control High protein
DM, g/kg as fed 898 911
OM 940 943
CP 156 173
SOLP 58 67
NDICP 17 18
ADICP 10 12
aNDF 338 353
ADF 162 188
ADL 30 35
Ether extract 44 55
Ash 60 57
Ca 8 9
P 5 5
K 11 11
Na 3 3
Cl 5 5
S 3 3
TDN 747 753
NEm, MJ/kg DM 7.4 7.5
NEg, MJ/kg DM 4.7 4.8
Total carbohydrates 740 715
NFC 419 381
Carbohydrate fractions, g/kg carbohydrate

CA 63 63
CB1 430 393
CB2 73 76
CB3 336 350
CC 99 117
Protein fractions, g/kg CP

PA+B1 373 387
PB2 520 510
PB3 46 34
PC 61 70

‘DM: dry matter, OM: organic matter, CP: crude protein, SOLP: soluble CP, NDICP:
neutral detergent insoluble CP, ADICP: acid detergent insoluble CP, aNDF: neutral
detergent fiber analyzed using a heat stable amylase and expressed inclusive of
residual ash, ADF: acid detergent fiber, ADL: acid detergent lignin, TDN: total
digestible nutrients, NEm: net energy for maintenance, NEg: net energy for growth,
NFC: non-fiber carbohydrate, CA: carbohydrate A fraction; ethanol soluble
carbohydrates, CBI1: carbohydrate Bl fraction; starch, CB2: carbohydrate B2 fraction;
soluble fiber, CB3: carbohydrate B3 fraction; available insoluble fiber, CC:
carbohydrate C fraction; unavailable carbohydrate, PA+Bl: protein A and Bl
fractions; soluble CP, PB2: protein B2 fraction; intermediate degradable CP, PB3:
protein B3 fraction; slowly degradable fiber-bound CP, PC: protein C fraction;
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unavailable CP

b A3 2 uz
O Als W =

olHRl atelE HolHP < 0.05). ¥} As Aol #FoFd FzE
€2 BEHA AP > 0.05), F WHee] FEAE aHEA @l

A BHE HAT

O Atme zumAe Fpel Wt AF, YFFAF ATLTEAAE F
Ql Zpol & HolA] &2(P > 0.05).

O Wz Hal AT L TLT §Wel A= AATF folHom
ZaSFPIP < 005), ol met H¥ A/ WF ABHAFS U2
(8.3 kg)ol wla &) 776 kg)ol A 8.4% 7+a3HP < 0.05).

“

3 2-48-1. Effects of crude protein content in a diet on intake and weight
change of Hanwoo finishers

Diet

ltem Control High protein SEM Frvalue
BW (kg)
Initial BW 627 618 13.9 0.665
Final BW 679 670 14.3 0.631
ADG (g/d) 553 539 47.2 0.827
DMI (kg/d)
July 8.7 7.5 0.38 0.033
August 8.2¢ 7.3° 0.33 0.046
September 7.6 7.5 0.40 0.907
Overall 8.2¢ 7.4 0.26 0.039
FCR 16.0 17.6 2.30 0.566

"BW: bogy weight, ADG: average daily gain, DMI: dry matter intake, FCR: feed
conversion ratio
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# 2-48-2. Effects of crude protein content in a diet on intake and weight
change of Hanwoo finishers

. Gender
Item Cow Heifer Steer SEM Frvalue
BW (kg)
Initial BW 66320 555° 649? 15.8 <0.010
Final BW 701° 623P 7007 16.3 0.013
ADG (g/d) 410P 693* 536 57.8 0.029
DMI (kg/d)
July 8.4° 9.7° 6.8° 0.44 0.027
August 8.3? 8.9% 6.3" 0.41 <0.01
September 7.4 8.7 7.0 0.48 0.467
Overall 8.0% 9.17 6.7° 0.29 <0.01
FCR 23.5 13.7 14.2 2.96 <0.01

"BW: bogy weight, ADG: average daily gain, DMI: dry matter intake, FCR: feed
conversion ratio

A7l NE T8 F AF S8 A7 wet AFo] 730 kg o)A MAE
Z5ts. tE2TolA 574 3F, AAMS 27), 1o FoF 47 (E4A 3
T+, AAlS 15) 7F SstEdeH, 4 A He EAAAS F2-499)
e Sl

O A7 AT, 2AFTE xS =4 A FARE 4dFe B

O

3 2-49. AAlS 55 B4 23

A
Bia=s F W/]:;_%EE ExsEn SEM P-value
=3 99, M4 31.08 33.85 0.421 <0.001
=A%, kg 407.59 421.54 4.077 0.016
532 A3
TUANE 5.49 5.99 0.151 0.020
5 4.80 4.79 0.050 0.949
BRI 3.00 3.04 0.015 0.042
Z 27} 1.13 1.12 0.035 0.736
Has 2.17 2.22 0.041 0.363
53 537 2.54 2.22 0.079 0.005
S 44
SAW 4, mm 12.11 11.77 0.461 0.603
SATHA cm? 85.24 86.48 0.808 0.280
S A 64.97 65.34 0.326 0.420
S% 537 1.98 1.97 0.066 0.935
T84 S I 1 1, 2, 359E 44 1 2, 3, 4, 52 WEdte] 4EF 3
8% 53 A B C5FS 747 1, 2, 308 Wt 4EF 534
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109) E3t9 & AAS UFHEFPY &3 445 vind

b 23 9 1%

O &% A BAZAA AFsE Hs37] 19 wigAsE 2835t A3 &
e AAM vl Eo B4 AF 2 55 ¥4 ZAAE v, 243 A3
= 19 2-57, ¥ 2-503 <.

O et wjdAtRE A A& olFo §4 15H o =A &L
90.2%(92F F 83F)NA 95.7%04F F 90T 55%p FET. vHIA
2 1+ 57 ol =A9 FUSS 48.9%004 681%F 19.2%p 53T,
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2 aoE.
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3-1.

Monthly

comparison

of

climate

temperature,
temperature-humidity index (THI), and wind chill temperature (WCT) values for eight
years (2006-2013) in south

relative

humidity,

Month

liem 2 3 i 5 [ 7 8 ] 10 11 12 SEM g vale
Temperature

Mhwar, 12 18 &0P 113 173* N4t M5 257 208 1By 7Y 13" o4 «0000)

W v, 40 70 e 173 233 e M5 M1 BF LY 13¥F 6l s «0p0m

Mrum, T 5.7 33 08* e 12gpf 171 A3 72y 158 o 37 -3.2 0sg < 00001
wind speed, km/h 49 S0 5.5 4r 51% Q10 00004
wind ehill wmperature T 6.0 5.3 0. a4 52 086 «00001
Humidity

Meaary % 6L+ 603 598 599 6550 7290 813 TRA® TR 03 654 635" oAl <0Zom

M . % 7 s07F ALY 83E 872 B99™ 925 918 913® pSa® B4lY 14 osmp «0oom

Mirurrarn, % 403* 374" 36Y 35T 4190 S28 BSE BLIE W 438 L5 423 1M <00om
el

tear, 3% T 45 54° [ ¥ Y 74 76 &6 5 49 39" 138 «00001

M 45 48 a4 6" B8 £ 78" A 73 66" S 47 122 =00001

the 7 31 3P g s¢ 6F W 7 & sI' 40 31" 155 «0p0m

3% 3-2. Seasonal comparison of climate temperature, relative  humidity,

temperature-humidity index (THI), and wind chill temperature (WCT) values for eight

years (2006-2013) in south Korea

Item Spring Summer Autumn Winter SEM p value
Temperature
Mean, C 11.6¢c 23.92 14.6b 0.5d 1.50 <0.0001
Maximum, C 17.4c 28.4a 20.2b 5.7d 1.47 <0.0001
Minimum, C 6.1c 20.3a 10.0b -4.0d 1.57 <0.0001
Wind speed, km/h - - - 5.0 - -
Wind chill temperature, B B - 6.2 ~ ~
© .
Humidity
Mean, % 61.7c 71.7a 70.6b 61.9c 1.22 <0.0001
Maximum, % 84.2c 91.4a 88.1b 80.4d 0.76 <0.0001
Minimum, % 38.0d 59.9a 46.9b 40.2c 1.57 <0.0001
THI
Mean 54c 73a 58b 38d 2.22 <0.0001
Max 6lc T7a 65b 47d 1.95 <0.0001
Min 45¢ 68a 51b 30d 2.46 <0.0001
n=8

Means with a different letter within a same raw differ at /&0.05.
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3 3-3. Regional comparison of temperature data for 8 years (2006-2013) in South Korea

...... . LI Wirita

leem
5F dW AW 4 o8 =L B <4 d oN 3y A g HE e A M .3 u ] o
ot g
1y Iy ] 44 £ 1 g A
Ja 5 [ Ly 285" 3 4 1 LE] 134 |
s 4 p 1 i 1Y 4 g
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tm i
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----- & i ek M il ! i (s F1s
- a e ¥ 1 Y B e |
- = T &y £ o E: 100 & 4 F S o
¥ i 5 4 3 5
4 g a 2 - 7 o ¥ gm g Y F = g B 80 EE ¢
e 4 r i i & # 'l fl r a4 # ]

F 3-4. Means, standard deviations (SD), minimum, and maximum values of
of Korean cattle steers for eight years (2006-2013)

carcass data

Trait Mean SD Minimum Maximum
Slaughter weight, kg 683 22.28 633 716
HCW, kg 410 12.67 378 429
Backfat thickness,mm 12.6 0.64 11.2 13.7
Rib eye area,cri 87.5 2.37 82.8 90.7
Yield index 65.1 0.43 64.3 66.1
Marbling score! 5.2 0.36 4.7 5.6
n=96

Marbling score range= 1 (devoid) to 9 (highly abundant)
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3 3-5. Monthly comparison of carcass characteristics, quality grade frequency (QGF)
and yield grade frequency (YGF) for eight years (2006-2013) in Korean cattle steers

3 Mot
e 1 1 3 1 5 B 7 B 3 0 I T SEM P value
Wablng score’ 51 51F 5™ 519 51%F g 52 52" 5. 53 53 53 003 <0000
Quabny grade’ fnequency.%
Las 14 136 139 138" 138" 14 1 49 151 154 154" 151% a4 oW
i+ 0™ a4 9% M6 »nr 301 304 L= ™ e 14" 0™ an 0000
I il9 325 123 324 il4 124 4 2.3 23 2.1 1% ill a4 055
2 209° 24 09" W™ 13¥F® 05 199 193 19;™ 183 190  1BE™ 435 «0000)
1 29% 290 29® 11" = = 25% wr EE ¥ s 21 21 1y e
L++ plus 1+ 41* 431 a4y 435" M7 450 461%™ ap 2= 473 ag8®  4EE® e Q0]

L+ phs 1+ phm 1 76.1% e Te0® 75T TRet TeT® 774 784" 784" o4 TAT® 789° Q48 <00000

Slaughter weight kg 6837 eE7™ 6830 eEO™  6B0™  ER3T 6E1™ Y &7 685°  @rF 96 117 «00001
Carcans weght. kg 41 4= a0F 408° oy 410" 405° 408° 08 40 a3 416" L9 00w
fib eye ama o Tl 873 84 g1y ar& g1s® B7.5% B3 BLF B75% B79® BB oM 0n
Hockfat thicknew, s 128 127 125 1Y 1y oy 123" 123" 124" 128 130" 132 o <000
Vil ndes 69T B0 BT &5 653" 653 653" g 65.2° BSOPY BB AT QM <0001
Yield grade” beeguency

A ms®  pas™ 04 30e®  aLge ] iy ) e I ms® * MY o0 0o

B 504 s02 S0 505 507 50.5 50,7 508 506 50.7 509 S04 a; 0%

C e 01® 193* 183" 180 175 177 e 181" 06 2% AP e <0

A+ TRS®  Tas®  g0s®  gl4® BlE' @23 w2 B0 BT mA 0" 7eS s <000

n=3

Marbling score range=1(devoid) to 9(highly abundant).

?Quality grade range=1++(best), 1+, 1, 2, and 3(worst)

3Yield grade range=A(highest), B, and C(lowest).

Means with different letter within a same raw differ at P <0.05.
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3 3-6. Seasonal comparison of carcass characteristics, quality grade frequency (QGF)
and yield grade frequency (YGF) for eight years (2006-2013) in Korean cattle steers

Item Spring Summer Autumn Winter SEM P value
Marbling score! 5.1 5.2° 5.32 5.1°¢ 0.04 0.0008
Quality grade’® frequency

1++ 13.8 14.5® 15.3° 14.3° 0.44 0.03

1+ 29.7° 30.6% 31.5% 30.4° 0.36 0.01

1 32.4 32.4 32.1 32.2 0.21 0.69

2 21.0° 19.9% 18.8° 20.4% 0.59 0.0058

3 2.9 2.4 2.2¢ 2.6% 0.23 0.0044

1++ plus 1+ 43.5° 45.1° 46.8° 44,7 0.74 0.0027
: bee plus dv plus oo 77.5% 78.8° 76.8°  0.80  0.0025
Slaughter weight, kg 681° 680° 683" 689° 3.85 0.0028
Carcass weight, kg 408 409 410 412 2.21 0.08
Rib eye area, o 874 874 87.5 87.5 0.42 0.82
Backfat thickness, mm 12.4° 12.3° 12.7% 12.9% 0.11 <0.0001
Yield index 65.2° 65.3° 65.0° 64.8° 0.07 <0.0001
Yield grade® frequency

A 30.8¢ 31.4° 28.9° 28.0° 0.65 0.0004

B 50.4 50.7 50.7 50.4 0.52 0.84

C 18.5°¢ 17.7° 20.2° 21.4% 0.78 <0.0001

A+B 81.2° 82.1° 79.6 78.4° 0.77 <0.0001

n=3_8

Marbling score range=1(devoid) to 9(highly abundant).
Quality grade range=1++(best), 1+, 1, 2, and 3(worst)
3Yield grade range=A(highest), B, and C(lowest).
Means with different letter within a same raw differ at P <0.05.
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3 3-7. Regional comparison of average quality frequency and yield frequency for 8

years (2006-2013) in Korean cattle steer carcasses

n=38

Quality grade range=1++(best), 1+, 1, 2, and 3(worst)

2Yield grade range=A(highest), B, and C(lowest).

Means with different letter within a same raw differ at P <0.05.

#F 3-8. Pearson correlation coefficient values of  marbling score, QGF, YGF and
carcass characteristics with climate temperatures and THI

Climate temperature THI

Item Mean Maximum  Minimum Mean Maximum Minimum
Marbling score 0.16 0.16 0.18 0.27 0.27 0.28
Quality grade frequency

1++ 0.25 0.24 0.27 0.23 0.23 0.24

1+ 0.16 0.15 0.18 0.16 0.16 0.18

1 0.41 0.41 0.39 0.41 0.40 0.40

2 -0.24 -0.23 -0.26 -0.24 -0.25 -0.25

3 -0.30 -0.29 -0.33 -0.33 -0.32 -0.35

1++ plus 1+ 0.19 0.18 0.21 0.19 0.19 0.20

1++ plus 1+ plus 1 0.27 0.25 0.28 0.26 0.27 0.28
Slaughter weight -0.70* -0.71%* -0.69* -0.70* -0.72%* -0.69*
HCW -0.55° -0.57° -0.53¢ -0.55¢ -0.57° -0.53"
Rib eye area -0.21 -0.22 -0.20 -0.22 -0.23 -0.21
Backfat thickness -0.75** -0.76** -0.74**  -0.75** -0.75** -0.74**
Yield index 0.74** 0.75*%* 0.72%* 0.74** 0.74** 0.72*%*
Yield grade frequency

A 0.72%* 0.73** 0.71%* 0.73%* 0.73** 0.72%*

B 0.60* 0.61* 0.61* 0.60* 0.61* 0.59*

C -0.79** -0.79%*  -0.77** -0.79** -0.79** -0.78**

A+B 0.79%* 0.79** 0.77%* 0.78** 0.78*%* 0.77%*

* p value<0.05

** p value < 0.01
a: p=0.062; b: p=0.053; c: p=0.076; d: p=0.062; e: p=0.053; f: p=0.074
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1++ plus 1+ plus 1 QGF (%)
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1% 3-1. Monthly comparison of 1++ plus 1+ plus 1 quality grade frequency (QGF) for
8 years in Korean cattle steer carcasses.

A plus B YGF (%)
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1% 3-2. Monthly comparison of A plus B vyield grade frequency (YGF) for 8 years in
Korean cattle steer carcasses.
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1} AeE &5 2Ed2 A7 92 2AES R AsE, Westy ws 79 Q0
~ 2017)

- B dToME 20149 3YEE 20179 59747 Wd AL AFS FHEAT A

zA0H REAWY, A FPAE A7F AR Fof &3 D FFLE HLoA A

49 HAAE W@ BH ATE FRson, o8 B ALd AL sEds @

AP HE A®, 2B~ 2 W An AN BHE AZGTA FPoH, 9

2Ed 2 AZE AR e s % HolEE A

Y

O:

e

(D 20149 =5 25 2Edf 20 mE Gt 2 6y wky Ax dF AR 2Y
(20149 3¢ - 5¢: 28-4F M)

Oh AdE A AF 4
44 (3¢ %74%, 49 =8 ¥n) AAY AFS TP AS2E7 4 2 AR S
AU E BT dEH a4 ASdsta A R
o] 201443 S%Ur 49 B HAALXEE 472 1.0C 9 6.2CEHT (F 3-9). 2014 3€
& 7%1% B 137/ML8 Y dg=SA 2 1.13kge 2 49 1.38kgoll Bls] wFakot (P <
0.001; % 3-10). Al E (A HZ=AHS 4928 0.16kg/kge = 39 0.146kg/kgoll HIs|
MAEE AFS P = 0.069) HAT.

(W) i1 Az &4 2

4 @O—E‘;H]J«l Hels AuE7] 93] F 3 (20149 3€¥€ 7Y, 49 44, 549 7H)
Aol HAMEE 28 3 BAsE. tEA 2EH 2 viridd GL(ZE 3-3 A)
ok B AlZ (19 3-3 O €¥ o7} glls. GdF(" 3-3 B)ok CD4+TAH (L4
3-3 D), &4 CD4+TAZ(OE 3-3 B), CD8+T/H]:T£ a9 3-3 B 3904 492 7] 0]
=Htel wEt IV B oA FoF oz a3 v (P < 0.05), &4 CD8+ T Al=(ZL
d 33 G 7ol dodel mek 1hE% W 7kt (P < 0.05). =%
CD4+CD25+TA| 229} CD8+CD8+TA|E o] ZaaA= FY24d 59 AHs EA(H
3-3 H). & AFoAe A 54 2Ef 2 80e HEstA Fhorn= 3o 4
2= 7|2 A B T yol zolol o7t WY Az FFe] WHITF dojyties B

o] A,
EY L5 2EAAE WE 204 tolo] BE AT WY BAPUS FYFHL.

(th Blood A& thAtshz A% 4 Axt

NEFA(non-esterified fatty acid+= 3€l Hlal 4€3} 59oA F=7 Ao (P
<0.05), Triglyceride= &% W37} gtk (23 3-4). Phospholipide} HDL, LDL-2 3¢,
4o gl 549 F=7F =JTHP < 0.05).

dZ Glucosed] == WA LUH2™ 3-5). Total protein 5+ 4L R 549
FoH o2 F7F5tH A, Albuming BUN 5= 34¥€9XHt 5o fFojdozr F715t9
o} (P < 0.05; 18 3-6). Creatinine2 5% W37} gt GOT == 3€ H|3] 5
gl F7189 2, GPT s =& 3¥ET 4, 5€ F71st9d (29 3-7). Phosphorus &
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== 3€9) vl 5€o F/FskAY (29 3-8). C3 3=+ W3yt 9l
Yol wlal 4, 5ol TFAsATHLH 3-9).
L oF3hH

x4y
5% Z7hshn,

3%4 4—%1«] Jé
e 1AEFHAE H

=

£ ouX7} wotH

=
38
R
N
—_
01r co
oX, \1

F 329 gl A UE, R 2= B AuE=

1 5=

3

rr

, @9 v phospholipid, HDL, LDL §=+& 7] &5l wet Ha S71st
= Zastdh AT glucosed] = W3lE ¢llem™ liver indicator 2%

c,130c Ho HAALEE 247 1.0C 9 6.2CE 3€0
o wGom OntE AE LS H3 AR
F SAHFo] RolAA AHE 3-10).

sla1, HDL, LDL, phospholipid
=7} o) SHAIRE Glucose?] F=+ WA ¢kght) ol& FalA 97 7]29]
o Ald Aol oA Y& glucose’t obd NEFAZY F5E < Uth

Period Sl Climate temperature; RH, %
temperature; C
P1 (Week 0 ~ Week 4) 3€
79~49 39
Mean(+SEM) 8.70£0.88 4.6+0.92 61.6+1.97
Maximum 20.55 10.6 87.0
Minimum 1.00 -1.7 37.3
P2 (Week 4 ~ Week 8)
49 49~5¢ 1¢
Mean(+SEM) 13.00+0.54 9.8+0.64 63.7+2.11
Maximum 21.35 15.8 88.0
Minimum 6.24 3.4 40.3
3 3-10 : Growth performance of Hanwoo steers (n=18) over 8 weeks
. Week 4 Week 8
Variable 3! 42y SE P
Body weight, kg 308.8 347.3 4.60 <0.001
Feed intake® kg
; Daily total feed intake, kg/d 7.7 8.61 069 <0.001
Daily Concentrate intake® kg/d 4.03 4.52 0.37 <0.001
Daily forage intake® kg/d 3.69 4.09 0.40 <0.001
Average daily gain, kg/d 1.13 1.38 0.037 <0.001
Feed efficiency (F/G) 0.146 0.160 0.004 0.069
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Initial body weight was 277.1 kg.

Feed intake, ADG, feed efficiency from week 0 from week 4
’Feed intake, ADG, feed efficiency from week 4 from week 8

Fed-base.
® 3-11 : 2AE, FAE AR AR 24 A3
FEAR 1= 2Fx 3FA 4FR 53R 65 TFA Byt
T E(%) 13.06 | 12.67 12.25 12.46 12.04 115 11.35 12.19
Zoha A (%) | 1448 | 14.83 14.82 14.66 14.23 14.27 14.24 14.50
ZA(%) 3.51 3.04 3.62 3.01 2.8 3.37 3.26 3.23
%3] 2(%) 7.09 7.73 7.56 7.9 8.09 8.36 7.86 7.80
Z45(%) 1.39 1.43 1.4 1.51 1.44 15 1.37 1.43
21(%) 0.49 0.49 0.48 0.49 0.51 0.54 0.52 0.50
FEAE 4 AR
ZAR 133 23 3FA 4FA 5FA 6 TFF B
T E(%) 9.06 8.18 8.33 10.89 8.28 8.63 12.09 9.35
B A(%) | 8.64 5.49 7.38 9.7 5.36 8.83 9.47 7.84
22 %(%) 2.49 1.34 1.72 2.71 1.77 3.23 1.68 2.13
%3] B(%) 6.65 6.77 6.22 9.71 6.32 9.98 10.73 8.05
Z45(%) 0.22 0.2 0.23 0.25 0.19 0.26 0.34 0.24
21(%) 0.17 0.16 0.2 0.23 0.16 0.27 0.21 0.20
ADF(%) 36.46 | 36.21 40.75 31.85 37.88 33.72 31.87 35.53
NDF(%) 59.14 | 60.73 64.95 55.61 61.98 57 55.48 59.27
A2 EBA Az
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a9 3-3. 9 Ay Az A wsk UldEGY 7)), 10/1€E8Udd 49), 1IMEEGE 7
el =4 A FHF-F=ZF, B) G, (O B A=, (D) CDA+TAH =, (E) CD8+TA =, (F)
CD4+CD25+TA| 9 CD8+CD25+TA| 322 A& 37 &4, (F) oA S: slope, R2: R2, P-value:
slope is significantly non-zero.
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MEFA Triglyceride

/I

- =
hq___‘__‘_‘ "
a L] B L] L] il
Phospholipid HDL
- B
._b_—l-‘E’F ------- a
-
L] ] 5 G ] ] '
5 LDL ,
_.--"'"-Fr. =
y : = o
L] 5 -

a9 3-4. 2% WH3lol| oJ3 lipid metabolite] ¥MSKNEFA, TG, Phospholipid, HDL, LDL)
Values are mean +SEM. &3l =271 g2 28 P <0.059014 F2lA<Ql koS YeRd.

Glucose
f T
= w —_—
& a
: 20
] ig ]

19 3-5 &% W3lol| 9]3 carbohydrate metabolite2] ¥ 3Hglucose)
Values are mean +SEM.

- 294 -




Total protein Albumin

4
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5t E
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& g e EE 7 48 B
BUN Creatinine
r. 2 -]
& =
E ia =S
5! -—b/—“ﬁ/l‘ E
B o -
=10 5 1
E =
i ¥
5 o
B
{=]
= i i% £ £ i -

19 3-6. &% W3}l 93 protein, nitrogene] H3Halbumin, TP, creatinin, BUN)
Values are mean +SEM. €38l =217} & 712 P 0.05914 o)1 zto]& YR,

130 15

100 %
o vb——'_‘.'arlj i = : ?
= 2 = b—gr/_JT/_"
8 & 15

4t

20 =

.
° o
o " 2 g ™ o

a9 3-7. &% W3l 93 Liver indicatory] ¥3HGOT, GPT)
Values are mean +SEM. &atdl 2171 T2 A& P <0.059014 o)A el 2po]S vhep.

Phospheorus

Phiegbwarus (UL

[ 1]
B
(1]
-
me

a9 3-8, 2= W3lol| gk Mineral®] ¥ 3HPhosphorus)
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Values are mean +SEM. &l =217} th2 AL P 0.05004 §-¢)A el zto]E vhepd.

Cc3 c4

4 {mg/dL)
f
i
|
-
or

18 3-9. &% W3l 93 C3, C49] W3}
Values are mean +SEM. &ab¥l 271 th2 Z-& P <0.059014 o220 zpo]S viepdd.

(2) 201518 A& A2 2Ed2 Az AkR A B oA A9 -4 A5 419)
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- =eh 2Elold M) 24 ARAR 27 AW F ATF
FUET AR 24
* A A7 AR 13

- F9Fe AAE AT 15%7HA AFS 1Hst Jo; UF 8-%g A= H
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- AY JHAFL AFFolY] 9 PFE /159
> ZAR

& ZAE Fol712 HE F

- 9Y 23] Fo; 2H 84, 2% 64

- FoA% &% lkg F2 1A

- N =3 ofF 9 g ZHo = At

Wi rlo

3l =

o] =]

- 2432 2 AB A3
CSAF SR B AL U 1AIRE 31

SHAY  FFAE D 2AE HAY

A gHEAY) AT 54

=4

\
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) 1 2 3 4 5
BF ML, 20.2 21.2 22.2 23.2 24.2
F3A g FAF MAE AFo 15%A 5 et
ZAE FoAF 53 1kg/de 14
1¢€ 9¢ 54 1¢
) N 29 6Y ()| 3¥€ 6¥ () |49 39 ()
R &) b = = )
e 09.00 - 09:00 - 09:00 - 09:00 - 00:00
- ' 10:00 10:00 10:00 '
10:00 10:00

O AT A% 2 32

3 3-12. Ingredient of concentrate diet and composition of experimental diets for Korean
cattle steers during January through April of 2015.

Ingredients Control Fat-suppl
ST 1.48 0.68
A 25.00 25.00
Al AL 4.88 5.00
o 73 8.00 8.00
84 0.39 0.35
A2F 0.20 0.20
et 3.50 3.50
HAAHA 3.00 3.00
HA T 3.00 3.00
HIEUolE 0.30 0.30
Eacinel AR R oy 0.30 0.30
T=Z 0.45 0.45
T olasss 21.00 21.00
S8 5.48 7.61
CMS 1.20 1.20
ey 5.00 5.00
= ZHt 2.41 2.04
U7 5.00 5.00
DDGS 0.00 0.61
o ] 4.78 3.88
3] 4 2.89 2.57
Live yeast 0.07 0.01
ol kA 1.18 0.00
733t R 5 2| vt 0.00 0.50
T IZH 0.30 0.61
vd| /e Epl 2 2] -1 0.19 0.19
A 100.00 100.00
TDN 74.00 77.50
Chemical composition, % DM
Concentrate  diet
DM 86.69 85.95
CP 12.49 13.31
Fat 3.78 3.80
Ash 7.42 6.16
Ca 1.52 0.87
P 0.45 0.46
Rice straw, % DM
DM 74.91
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CP 3.87

Fat 1.37
Ash 11.46
Ca 0.25
P 0.095
ADF 51.97
NDF 31.52

‘Provided following nutrients per kg of additive (Grobic-DC, Bayer Health Care,
Leverkusen, Germany): Vit. A, 2,650,000 IU; Vit. D3 530,000 IU; Vit.E 1,050 IU;
Niacin 10,000mg; Mn 4,400 mg; Zn 4,400 mg, Fe 13,200 mg; Cu 2,200 mg; 1,440
mg; Co440mg.

3 3-13. Mean, maximum, and minimum values of ambient temperatures, climate
temperatures and relative humidity during January through April of 2015.

Items January (P1)' February(P2)* March(P3)* April(P3)* SE P-value
Ambient temperature, C
Mean -3.44 -0.70 5.87 11.18 0.58 <0.001
Maximum 4.49 5.04 17.78 20.68 1.53 <0.001
Minimum -9.40 -5.5 -1.86 4.28 0.49 <0.001
Climate temperature, C
Mean -2.91 -0.24 4.68 10.36 0.58 <0.001
Maximum 8.78 7.00 16.16 18.12 1.59 <0.001
Minimum -10.57 -5.78 -3.12 3.88 0.54 <0.001
Ambient Relative humidity, %
Mean 75.32 66.35 52.33 57.64 2.12 <0.001
Maximum 90.03 83.38 89.95 77.90 2.60 0.04
Minimum 50.51 45.92 19.03 35.95 2.69 <0.001
Climate Relative humidity, %
Mean 71.39 62.26 54.34 75.37 2.44 0.32
Maximum 91.80 81.42 93.55 106.38 3.36 0.65
Minimum 40.08 38.80 18.39 44.36 3.17 0.03

' January 9 - February 5 (4 weeks). * February 6 - March 5 (4 weeks).
* March 6 - April 3 (4 weeks). * April 4 — April 10 (4 weeks).

0 20159 1€ - 44 7% A& (&F 3-13)
-1 wla) 29e] Ay HA LE U WF LEEL BUL AL FE 2 WF SEE

1ol o
N -

Boemo] Ag Au exof wWsel nsd 43S KA
L1900 208 o AR5 AEAAE BRE HsRel 28,

- Cold stress categories (Grzych, 2010) ¥+ Mild : 0° C~—6.7° C; Moderate: —7.2° C
~—13.9° C; - Severe: <—13.9° C.
-9 BFo w2y B A3 1€ moderate, 292 mild cold stressE HFQk
ol &

o

7}

off
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¥ 3-14. Growth performance of Korean cattle steers fed either control or
fat-supplemented diet during January through April of 2015
January(P1)* February(P2)* March(P3)* April(P4)* SE P-value
Variable Contro Fat Contro | Contro Fat Contro | Contr Fat Diet Irtera
| 1 1 1 ol Morth din
Age, month 20.0 19.5 20.9 20.4 21.8 213 227 222
Initial body weight 547.2 5540 5716  579.0  587.2 5956 6044  616.0
Body weight, kg 5716 579.0 5872 5956 6044 6160 6252  636.8
Daily feed intake® , kg: DM
Total feed intake, ke/d 7.52 7.43 7.24 7.38 7.59 751 766 776 007 012 092 0.75
Concentrate intake, kg/d 6.66 6.57 6.50 6.64 6.84 676 691 701 007 003 093 0.74
Forage intake, kg/d 086 086 074 o074 075 075 075 075 ool % oo 099
Average daily gain, kg/d 0.87 0.89 0.56 0.59 0.61 073 077 077 003 039 041 0.62
Feed efficiency(G:F) 0104 0124 0077 0080  0.080  0.097 0099 0098 001 035 033 060

N=7"

January 9 - February 5 (4 weeks). *

February 6 — March 5 (4 weeks).

* March 6 - April 3 (4 weeks). * April 4 - April 10 (4 weeks).

S

L5
.r';"'r

1% 3-10. Cortisol and serum lipid metabolite concentrations at several months in
Korean cattle steers. Values are mean + SEM. Average minimum ambient temperature
(AT) of each month is indicated in X-axis. Mean values with different letters differ
within same diet group (P < 0.05).
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o TG, NEFA, HDL &% data (¥ 3-10)

Triglyceride®] Hx=+ 2€¥€o) 714 =3, NEFAE 399 7H =9k,
- HDL2 2% whulg|ste] Solx= ek Bl

Fat 7= ol& &0 ¥&Fs HAA &=

1% 3-11. Serum glucose and liver indicator concentrations at several months in Korean
cattle steers. Values are mean + SEM. Mean values with different letters differ within
same diet group (P < 0.05).

0 Glucose, GOT, GPT data (28 3-11)
- Glucose =5+ 250 Hu]gsle] ol om GOT, GPT= WH3l7l Qe

- — ] e +
A - el
_'_'_._,_._ L. .

|

% 3-12. Serum minerals and protein metabolite at several months in Korean cattle
steers. Values are mean + SEM. Mean values with different letters differ within same diet
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group (P < 0.05).
o Calciume %o ¥ #ste] droly S (19 3-12).

1% 3-13. Serum immune cell populations at several months in Korean cattle steers. Values
are mean + SEM. Not significant for all items.

o Immune cell population (% 3-13).
- A 7 29 gllen, 4 Aok Qe

3% 3-15. Rumen fluid VFAs and NH3 at several months in Korean cattle steers.

January(P1) February(P2) March(P3) April(P4) P-value

Inte
Control Fat Control Fat Control Fat Control Fat SEM Mﬁm Diet | ract

ion
pH 7.21 7.04 6.74 6.50 6.73 6.77 6.85 6.90 0.06  0.46 0.50  0.17

NH3, mg/dL 1330 897 1106 1359 519 457 742 346 069 00 04 o5
Co.mM 3622 3784 5124 5271 4389 4606 4619 3934 112 082 087 018
C3, mM 1025 1098 1581  17.39 1448 1813 1360 1263 054 047 022 059

Co/C3 ratio 362 346 329 311 314 284 346 314 007 024 0.067 066

iso-C4, mM 071 065 088 08 074 071 08 068 002 063 0015 0.22
C4, mM 1028 1001 1399 1499 979 1066 1027 838 040 0017 098 034

iso-C5, mM 110 115 151 127 119 106 136 098 005 0.62 008 0.27

C5. mM 079 080 133 137 098 118 110 091 004 087 076 040
Tmih‘{m’ 5935 6143 8476 8855 7107 7781 7338 6293 186 086 084 022

0 HWF9 dmyol & VFA % (& 3-15).
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- gEUo} 57} 129 BT 340 HRE
- AR WFS 2% C3 BEO] FFL vIHA 4L
- C2/C3 ratioZ} A H7toll s wotxl&= A& (P = 0.07)

(W) A 27104 AFE7 A8 39 &3 9 A5} Ao R 2 WYX
¥ vHlw A4 (20159 1€-29): tiAts AF

O Ad 537
- AL 2ANA YA} A8 Fo &9 79
- oA AL 2dd mE I8 - A

QoA A 2Ed 2o thit JUAY

O A+%H (DAE 38:86-94, O'Brien et al. 2010.)
&= : Normal diet 3, Fat diet 37; AIE| WHE FA|
- A7 okl ANA

gAFE A-3(6Y) A 27(99) (natural cold)
=
e
A

=
=

Fecal collection

e

Hg
jj Fecal collection j:j
A5 A F
s 57
R 9
A5 G

— /\]_ok H lﬁ :

> AR 79 8 AT 54
- APdAE Btz AR 20159 Ae 149 ASEER FLd wFAE 2
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o]-& &4
> Blood collection :
- AAAIZE - 8h o) A 3 2 9N AEFH
- E AFEE, Aty 2 24 35 AR
> a3ts SAAE
- &skg B4 AE AFH A7) BAY 391K - dB)
- Fecal fluid collection :
* Collection A7) : ZF g7 wpAet & Y 23 £
* A A 84| feeding 3AIZF 3
kel A A, A2, 248W : stomach tube® A FH, RbEEAE &4 -84 A
i g9 $ -70C B3, 9¢Y pH #H AF A, U A 50m 5 IF

S
> e 24 BE

- geile, yelus

- ANAE, FRAZ ALEAL ABEE

O a7 a% 2 n%

# 3-16. Mean, maximum, and minimum values of ambient temperatures, climate
temperatures and relative humidity of metabolic room at normal and low-temperature
conditions

Items Low-temperature(P1)!  Normal(P2)* SE p
Ambient temperature, C
Mean 0.21 17.57 2.67 <0.001
Maximum 8.25 22.61 2.51 0.003
Minimum -6.63 12.75 2.91 <0.001

Ambient Relative
humidity, %

Mean 63.50 41,38 3.27 <0.001
Maximum 84.61 57.08 4.28 0.0019
Minimum 35.83 33.00 3.27 0.78

' January 26 - February 3 (9 days)
February 5 - February 13 (9 days).

0 2015 A& AANFEF 255 A (F 3-16).

- AR AAeETA v AeT HA LEE 18T Bt

- Cold stress categories (Grzych, 2010) #5: Mild : 0° C~—6.7° C; Moderate: —7.2° C
~—13.9° C; - Severe: <—13.9° C.

-9 BRo =29A tAE low-temp A& 7)7kol| mild cold stressE ¥gkS 750 9l

o

- Sk A

ol

z70] B9 o HE HLAEHNAE FETS LA 1ARTHA
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o #% Ane AT Bt AL
*  3-17. Growth performance of Korean cattle steers fed either control or
glycerol-supplemented diet at normal temperature and low-temperature.

Low-temperature* Normal® SE P
Control Fat Control Fat Diet | Temp ]nte?ctio
Age, month 21.0 20.3 21.0 20.3
Initial body weight® , kg 503.3 517.3 507.2 526.0
Body weight’ , kg 507.2 526.0 512.7 5323 326 0.34 0.76 0.98
Feed intake® , kg: DM b
Total feed intake, kg/d 6.35 6.26 6.13 6.25 021 084 0.98 0.86
Concentrate intake, kg/d 5.63 5.56 5.39 5.50 0.05 080 0.97 0.87
Forage intake, kg/d 0.72 0.71 0.75 0.74 0.18 0.03 0.50 0.67
Average daily gain, kg/d 0.48 1.08 0.62 1.37 0.16 049 0.37 0.44
Feed efficiency(G:F) 0.078 0.065 0.077 0.166  0.02 042 0.54 0.41
Digestibility, %
DM 71.2 71.5 70.1 67.1 1.01 049 0.18 0.39
Fat 43.2 62.3 43.3 58.2 469 083 010 0.82
NDF 57.5 57.8 53.2 50.4 1.45 0.03 0.76 0.31
ADF 45.0 48.9 40.6 38.3 1.77  0.04 0.61 0.53

N =3

' Experiment period was 9 days from January 26 to February 3.

* Experiment period was 9 days from February 5 to February 13.

° Body weight was recorded at January 26, February 3, and February 13. respectively.

0 20159 AL UAE AT ARFolol WE 4% UL 4%E AR (E 31D,
Rt A7kl oo QYEAT 3 ARER FAAOBE AM, EAH &
- AL 2NN YFFAL D AREE0] FAHORE elg o, fo4e @l
- AFFe AT G B AL =0 AN 9T BA 2.

- NDF, ADF &8h&o] A A7b7olA 2. A 2382 2ol 9lgle.
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1% 3-14. Serum lipid metabolite concentrations at metabolic cage with different
temperature condition in Korean cattle steers fed either control normal or
fat-supplementation diet. Values are mean + SEM. Not significant for all items.

19 3-15. 'Seru.'m giucbée ‘and liver ihﬁjcator concentrations at metabolic cage with
different temperature condition in Korean cattle steers. Values are mean + SEM. Not
significant for all items.
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1% 3-16. Serum minerals and protein metabolite concentrations at metabolic cage with
different temperature condition in Korean cattle steers. Values are mean + SEM. Mean
values with different letters differ (P < 0.05). Not significant for all items.

B e
E [ - R
E* nE ia [E K3 AR S0
E-—
i-l-
% - f
31 |:
E| i
" &
£ -
B =5 =5
g, IE EETt T
* - = - 2
s F £ F g &£ F &£
A o34 K= 3
7t -t 7 2}

1% 3-17. Serum immune cell populations at metabolic cage with different temperature
condition in Korean cattle steers. Values are mean + SEM. Not significant for all items.
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3-18. Rumen VFAs and NH3 concentrations at metabolic cage with different

temperature condition in Korean cattle steers fed either control or fat-supplementation

diet.
Cold Normal P-value
Temperat . ]
Control Fat Control Fat SEM ure Diet  Interaction
pH 6.78 7.12 6.54 6.87 0.79 0.69 0.93 0.95
NH3, mg/dL 13.72 13.65 8.59 8.06 1.80 0.19 0.93 0.95
C2, mM 51.62 50.78 30.86 25.31 3.94 <0.001 0.45 0.58
C3, mM 16.46 17.81 8.25 6.86 1.71 <0.001 0.99 0.53
C2/C3 ratio 3.13 3.10 3.82 4.00 0.24 0.14 0.88 0.83
iso-C4, mM 0.80 0.73 0.65 0.57 0.04 0.049 0.31 0.91
C4, mM 12.94 12.52 7.48 6.11 1.29 0.025 0.69 0.83
iso-C5, mM 1.06 0.96 0.89 0.81 0.08 0.36 0.60 0.96
C5, mM 1.09 1.085 0.59 0.54 0.10 0.004 0.80 0.87
Total VFA, mM 83.98 83.91 48.73 40.19 6.66 <0.001 0.54 0.54

0 20159 AL HAE AP AFF AR AL 2ol

glucose & liver indicator & %ol v|x|= g3 (19 3-14, 3-15, 3-16, 3-17).

g lipid metabolite,

- A3} e zZ0A fat H7kE NEFA s5& 37 4%, LDL v 5& 4 A% B
0]
.

- Glucose, GOT ¥ GPT 5+ AWH/ € AL 29 IS ¥4 &5

- Albumin, calcium, phosphorus, magnesium &%+ A|WH7F 9 A& 7o IS ut
A B

- A4 £ populationS A7 B AL 21 FFS A Fo

0 20158 AL UAE AP A ALAT} AlE9l A

of HX&= 9 (& 3-18)

- A& 27 . C2, C3, is0 C4, C4, C59 v+ A2xAdd s FFS weron, total
VFA 55 AL ZHAM A &% =4 o tecg

- AW AUt A d A dEFS FAA &S

- LY drYol w5 AN 9 AL 219 S A &

(2) 20161 Ae A2 2E#H2= Az AR AW H7F A 2 oA A9

o

P 20163 AL AL 2E#H= AL A5 AW H7F 201630 1€9-3Y€: AL-& 3/

O 4954

=<1
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3 3-19. Ingredient of concentrate diet and composition of experimental diets

cattle steers during 20 ~ 24 months of age at January through April of 2016.

o ol

for Korean

o= AT
EAS5S 15.30 1359
A 20.00 20.00
7 0.66 6.24
e 0.59 0.35
o) 5] 2.00 2.00
T 4.00 4.00
BEUEF 0.32 0.10
it 10.00 10.00
CMS 1.50 1.10
oAbk 10.00 10.00
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oju}g 0.01 0.01

& 8.00 8.00
o 3 20.00 20.00
HEZ ™ 2.57 0.86
434 2.86 2.76
718 Pl 2 0.01 0.01
o g4 2.00 0.00
B e A"k 0.00 0.80
o)) 2z g e ! 0.10 0.10
v EbRl 2] o] ! 0.08 0.08
A 100.00 100.00
Chemical Composition, %

DM, % 88.55 88.25

CP, % 14.50 14.50

Fat, % 3.63 5.38

Ash, % 9.98 7.90

Ca 1.32 1.16

P 0.53 0.58

NDF, % 27.26 27.55

ADF, % 11.54 11.75

NFC, % 34.28 33.96

RUP, % 5.02 5.24

TDN, % 71.79 75.42
Tall-fescue hay, % DM

DM, % 89.11

CP, % 6.56

Fat, % 1.58

Ash, % 5.87

Ca 0.32

P 0.11

NDF, % 39.48

ADF, % 65.84

'Provided following nutrients per kg of additive (Grobic-DC, Bayer Health Care,
Leverkusen, Germany): Vit. A, 2,650,000 IU; Vit. D3 530,000 1U; Vit.E 1,050 IU; Niacin
10,000 mg; Mn 4,400 mg; Zn 4,400 mg; Fe 13,200 mg; Cu 2,200 mg; I 440mg; Co440
mg.
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3* 3-20. Growth performance of Korean cattle
Fat-supplemented diet during January to March of 2016.

steers

fed either control or

Items January! February? March® SE p
Ambient temperature, C
Mean -7.37 -2.96 6.22 g 4 <0.001
Maximum -1.80 2.62 124 2 -8 <0.001
Minimum -12.52 -8.18 -2.11 g -9 <0.001
Climate temperature, C
Mean -8.79 -4.30 5.75 (1) 4 <0.001
Maximum -2.72 1.71 11.8 g 7 <0.001
Minimum -13.59 -9.94 -3.29 8 -6 <0.001
IExperiment period was January 8 to February 2
Experiment period was February 3 to March 3.
SExperiment period was March 4 to April 1.
0 2016\d 1€ - 3¢ A% A3 71¥ A5 (% 3-20)
o 190 W3 29 AW AA Lx 2 WE LEE UL
e 9% om0 A AW exo Was Nsd AFL RIS
o 19 29HT ] A F9 2EH2RE BUYS JHsAHo] A

e Cold stress categories (Grzych, 2010) #&/: Mild :
7.2° C~—13.9° C; - Severe: <—13.9° C.
s 9

(e}

o,

i}

30 i

oo

0° C~—6.7° C; Moderate: —

# 3-21. Growth performance of Korean cattle steers

Fat-supplemented diet.

of 2w B AF7|7+ 1€9-S moderate, 2€-2 mild cold stressE HFFS 7}

off

fed either control or

P value
January' February® March? . temperat Interactio
diet ure n

Con Fat Con Fat Con Fat
Age,month 16.9 16.8 17.8 17.7 18.8 18.7
Initial body weight® , kg 357.8 355.3 | 3753 376.3 | 394.0 3928
Body weight® , kg 375.3  376.3 | 394.0 392.8 | 413.0 415.2
Feed intake® , DM base,
kg
Total feed intake, kg/d 7.53 7.69 7.88 8.01 7.67 7.50 0.99 0.84 0.65
Concentrate intake, kg/d 4.92 4.98 5.52 5.61 5.50 5.43 0.95 0.13 0.82
Forage intake, kg/d 2.61 2.71 2.36 2.39 2.17 2.07 090 <0.001 0.38
Average daily gain, kg/d 0.65 0.78 0.64 0.57 0.67 0.83 0.58 0.27 0.73
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Feed efficiency(G:F) | 0083 0101 | 0.080 0.068 | 0.086 0.11 | 0.26 057

0.49

Experiment period was 4 weeks from January 8 to February 3
’Experiment period was 4 weeks from February 4 to March 3.
SExperiment period was 4 weeks from March 4 to April 1.

20161 1¢¥ - 39 A AF A3 (& 3-2D
o 9T %—iﬂ‘j* 2 AlE E8&2 Diet 2 Periodol &S WA 2ok
o 2% 7} vre Period oA ZFAIR AFH Fo] =k (P < 0.00D

3 3-22. Concentration of blood metabolites of Korean cattle steers fed either control

or fat-supplemented diet at January to March of 2016 (9AIZF 2] )

Items 9h fasting
Period Jan 8 Feb 4 Mar 4 Apr 1 P value
Diet | CON  Fat | CON  Fat | CON  Fat | CON  Fat SE | Diet Month Meract
Aﬁ‘gﬂn’ 299 325 | 350 315 | 303 300 | 337 344 | 006 | 034 08 022
GOT, IU/d| 57.29 8050 | 6238 6583 | 5350 5811 | 5890 9289 | 404 | 0075 098 031
GPT, U/ 17.57 2483 | 2038 2017 | 1690 1767 | 2050 2278 | 050 | 013 024 075
ngg;%{d 1071 1250 | 1638  17.00 | 20.20 1956 | 1740 1911 | 074 | 0.86 0.007 0.5
Ch,ofgltgfd 10929 137.00 | 12200 15817 | 136.80 157.78 | 16120 196.67 | 548 | 0.008 0.0012 0.52
Gﬁ;fsle’ 7229 8800 | 7888  80.67 | 7330 7667 | 7480 8056 | 123 | 011 0008  0.67
111—11];/]:],1 6843 7383 | 83.75 7583 | 8180 8233 | 8900 9167 | 212 | 059 003 031
I}gﬁ 22854 27873 | 193.84 132.35 | 19562 21512 | 23441 29352 | 1479 | 059 070 0.1

20161 1€ - 3€ AL Ad g9 B4 Ay QA A4 F) (& 3-22)
e GOT HxX A uFx] g TLo) 4 o AgeS 2 (P=0.075)
» Triglyceride 5 &571 ¥& 2o

A %=

an}

e Cholesterol %+ 2%7F @S5 Wk, AW Ao FolAd =05 (P
0.0012)
e Glucose 5 257 F& 9 ¢ =32 (P=0.008). A< ]

wokou (P=0.007), Aol o3k g

12

gy 4HE Hoﬂ/\i glycogenolitic process7} Z3= a1, o] 2 <l o}Oc] g ) glucose &

7} ZolH S 7FeAe] A (Gorski et al., 1981)

* 3-23. Concentration of blood metabolites of Korean cattle steers fed either control

or fat-supplemented diet at January to March of 2016 (At& J¢f 34|17 %)

Items 3h after feeding

Period Jan 8 Feb 4 Mar 4 Apr 1 P value

Diet | CON  Fat | CON  Fat | CON  Fat | CON  Fat SE | Diet Month Imerac“
Alr‘fl‘é‘;éilm 307 340 | 354 358 | 352 357 | 345 368 | 005 | 064 076 015
GOT, IU/d| 58.00  74.00 | 64.25  76.67 | 6120  69.89 | 59.40 109.44 | 551 | 0.055 048 016
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GPT, IU/dI| 17.86  22.67 | 2050  22.67 | 19.80 2167 | 2140 2544 | 041 | 0003 027 027
T“glyc%lid 1157 1333 | 17.25  17.83 | 21.80 2111 | 2220 1989 | 091 | 0.61 00015 061
Cﬁolfgs/tglm] 11200 126.83 | 149.75 17950 | 155.00 186.00 | 167.10 207.44 | 551 | 0.008 <0.001  0.12
G};‘gfgf’ 7200 8100 | 8638 8833 | 86.00 8956 | 8270 8678 | 108 | 035 064 025
r?llg)kji 69.57  67.67 | 89.25 8567 | 9430  97.67 | 9120 9800 | 249 | 084 00045 0.098
I\ng/dAf 18691 10078 | 96.38  130.47 | 10356 104.96 | 113.89 116.08 | 1179 | 051 022 0.7

20161 1€¥ - 39 A AF €9 B4 Ay KR g9 A ) (F 3-23)

* GOT, GPT T+ AWHZIFA =%+ (P=0.055, 0.003)

o Triglyceride &=& AFEY TS WA gpon}, £xrp e o [ Ygke
(P=0.0015). A+

e Cholesterol F&%+
<0.00D)

e AR F9 F Glucose BEE 257 @Yo Gor WA &k (P=0.64)

N

3l energy source® triglyceride7} sl E A0S 71540l U2
w7b ReSE ughw, AW ATl E=ge (P=0.008,

o 0

¥ 3-24. Concentration of VFAs and NH3 of Korean cattle steers fed either control or
fat-supplemented diet at January to March of 2016 (At &9 3A17F &)

Items 3h after feeding

Period Jan 8 Feb 4 Mar 4 Apr 1 P value

Diet | CON  Fat | CON  Fat | CON  Fat | CON  Fat SE | Diet Month eract
PH 614 629 | 631 610 | 656 654 | 597 615 | 056 | 034 057  0.80

NH3, mg/d] 5.64 5.89 6.81 5.99 6.54 6.18 5.78 6.15 0.87 0.65 0.48 0.87
C2, mM 87.3 87.2 60.3 4.1 57.6 53.9 66.8 58.5 2.10 031  0.009 0.32
C3, mM 28.7 29.2 16.3 14.4 13.2 12.2 16.1 17.2 0.91 0.86 <0.001 0.87

BoCh | ogz 054 | 073 061 | 066 137 | 077 062 | 012 | 070 060 090
C4mM | 145 139 | 109 98 | 121 110 | 138 90 | 045 | 0011 025 0046
MO | 084 072 | 113 072 | 069 064 | 077 065 | 004 | 0049 020 044
C5, mM | 144 132 | 117 080 | 104 08 | 127 104 | 006 | 0107 060 081
2063 1 305 304 | 389 396 | 449 078 | 420 364 | 054 | 076 021 074

Total VFA| 1334 132.8 90.5 80.4 85.3 79.9 99.4 86.9 3.27 031 0.006 0.34

2016%3 1€¥ - 3¢9 A AE A B4 A3 KE g9 A ) (F 3-24)
. ox% gﬂr F& 7179 C3®s =71 ¥ total via 357 542, C28EE HolAE 7

. 7‘]‘%}7@7} A CAE ST AT A PolHe.

3 3-25. Concentration of immune cell populations of Korean cattle steers fed either
control or fat-supplemented diet.

Items Immune cell populations

Period Jan 8 Feb 4 Mar 4 Apr 1 P value
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Diet | CON  Fat | CON  Fat | CON  Fat | CON  Fat SE | Diet Month lnteorrfm
mo“;fyte* 45.92 4284 | 5473 5575 | 53.32 4615 | 49.03 4557 113 0.18 093 063
CD&:HEZHC 581 661 | 755 623 | 130 143 | 892 837 | 050 | 079 064 081
CD&f‘l},iHC 2006 2380 | 2388 17.09 | 675 874 | 1586 1304 | 111 | 056 <0.001 0.62
CD“Q)CGH 2516 17.23 | 2045 2243 | 3002 2526 | 2155 2246 | 136 | 043 052 048
C%)“C’ecﬁjz,;f 2470 1774 | 2197 2330 | 1540 1628 | 2850 2522 | 107 | 042 029  0.66
Granulycyt

€ | 095 101 | 147 136 | 1178 1077 | 139 113 | 074 | 082 015 089
lymphocyte]

ratio

2016 19 - 3¢9 A AF 9 B4 A9 (A9 AE) QAZE 24 3 (& 3-25)
e CDI14-MHCII+ celle] H]Ego] =7} v 3t A =9k (P<0.001)
« Granulocyte to lymphocyte ratio + W3}x] X%

=]

x2

(W) 2016 AL AL 2Ed2 A AW
AR LET 270 9)

Juk)

47 AFR OiAF A E (20161 1€9-29: AL T

- A mANA AWAIL AR Fol A3t 79

- @I AL EAd) WE JPW - B Wsh @ Ug W T

- @eolA Ae 2Edzel UF JIYLYSH AX, 2EAx AR P WY WS AR
g

- Ae =7 g AR A B MYEREC s 9T 7

2 FA
- ARF W
> AR g9 ¥ HAHAEF A
- AgAE 2 Oi2F AR 0 20159 AL 149 AFAETEH 5L wFAE 2
ZALEALE (% 3-378 5Y)

- woAF  ASEEH FEFY FFA

- Mineral, water : 34 3¢

- AFEE AT, BEARET A AP NMAYE B TR B ASSA7I
& =74

o
5
ofy
L
=
1
>

ZA=3kg/d) w4

> EHE A o R B 9AR WE 1ARE 1HA
> YYAMEAHAT - FFAR B AR Y F
> AFEZA ¢ 7k period (LT 2 AALTT) AR B 225U AF =H
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> (4] F 0h 2 AR Fo 347 F; 3h AH)
> Immune cell populations
> B9 nAEFE Wl thdk metagenome F-4]
* 999 3
- 9N A ¥ AR 7
- Stomach tube& ¢l A< & Fx=Z oF 100ml A3
- gDNA FE& 913 A2 A3 F dAdze 52 AR F -70C =3

- RAE QA S 5 F 13,000x g, 4C, 30E3F LAET
- dAEY T ASde H%FJ pellet?t %o} PoweSoil DNA Isolation Kit(MO
BIO)E o] &3] gDNA
& NGS(Next Generation Sequencmg) A 9] F
- Illumina Sequencing WH-S o]t gDNA A=< 3t 16s rRNA sequencing
243} rumen microbial population &<l

O a7 43 8 1%

¥ 3-26. Mean, maximum, and minimum values of ambient temperatures, climate
temperatures and relative humidity in metabolic cage.

Period 1 Period 2 Period 3 SE P value
(natural cold!  (natural cold)® (normal)®

Ambient temperature, C
Mean -0.50 -2.45 21.7 1.97 < 0.001
Maximum 2.57 0.78 25.1 2.01 < 0.001
Minimum -3.27 -6.24 15.8 1.80 < 0.001

Ambient relative

humidity, %
Mean 67.6 69.1 50.5 2.44 0.0017
Maximum 80.2 81.8 65.3 2.31 0.004
Minimum 53.1 53.7 39.0 2.41 0.011

IExperiment period was 12 days from January 7 to 18

’Experiment period was 12 days from January 22 to February 2.

SExperiment period was 12 days from February 12 to 23.

0 2016 AL tA AF 2% AB(E 3-26)
e Period 1, 29 HA &%= (-3.27, -6.24) = Period 3Et} kS (p < 0.001)
e Period 1, 2¢] 7% mild cold stress (0C ~ - 6.7C) ¥l 43 (Webinar Portal for

Forestry and Natural Resources, 2014)

#F 3-27. Growth performance of Korean cattle steers fed either control or
Fat-supplemented diet at metabolic cage.

Period 1 Period 2 Period 3 SE P value
(naturalcold)' | (natural cold? |  (normal?® diet  temperatur Interaction
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Con Fat Con Fat Con Fat -
Age, month 16.2 162 | 170 170 177 177
Initial body weight’® , kg 366.0 362.3 | 375.3 374.8 | 387.4 386.5
Body weight® , kg 375.8 373.3 | 386.0 385.3 | 393.5 393.4
Feed intake® , kg
Eg/tgl feed intake, DM basq g5 g17 | 843 855 | 797 821 | 010 | 058 091 063
Forage, kg/d 263 281 | 280 293 | 244 244 | 009 | 0.25 0.93 0.33
Concentrate intake, kg/d 549 531 | 563 5.62 | 553 5.77 | 0.06 0.43 0.09 0.58
Average daily gain, kg/d 089 1.00 | 098 095 | 057 061 | 0.07 | 0.75 0.06 0.84
Feed efficiency(G:F) 0.108 0.123 | 0.116 0.112 | 0.074 0.074 | 0.009 | 0.82 0.06 0.73
Digestibility, %
DM 64.1 605 | 658 611 | 64.2 651 | 0.65 | 0.04 0.25 0.12
EE 724 758 | 474 458 | 69.2 708 | 321 | 056  <0.001  0.12
NDF 751 749 | 765 741 | 744 744 | 088 | 0.62 0.71 0.87
ADF 439 360 | 457 436 | 41.2 419 | 145 | 058 0.89 0.90
IExperiment period was 12 days from January 7 to 18
’Experiment period was 12 days from January 22 to February 2.
SExperiment period was 12 days from February 12 to 23.
‘Body weight was recorded at January 7, 18, 22, February 2, 12 and 23.
respectively.
0 2016d AL diAF AF A (& 3-27)
o A ZAF (P =0.000) @ A5 &8 (P = 0.06) & Period 1, 2914 T 4es
HAas
e 257} vt& Period 1 oA ZAIE AHAFHFo] =2 HEFES Y (P = 0.09
o Normalo| A FA7F 24T ol HALE A3 AAY 2EH 27t F32o] Hol A7}
wolzl Aog F4.
3 3-28. Concentration of blood metabolites of Korean cattle steers fed either control
or fat-supplemented diet at metabolic cage (9A]ZF A2 %),
Items 9h fasting
Period Coldl day 1 |Coldl day 12| Cold2 day 1 [Cold2 day 12| Normal d 1 |Normal d 12 P value
Diet | CON Fat | CON Fat |CON Fat | CON Fat | CON Fat | CON Fat | SE | Diet Month I“tieof“
Aﬁzﬂm 360 3.80 | 385 385|373 370|368 375|353 338|338 358 |001| 047 0002 0.80
GOT, IU/dl | 58.50 60.75 | 66.25 68.50 | 65.25 67.50 | 61.50 67.00 | 67.25 80.00 | 55.25 63.25(0.23| 0.08 0.64 0.32
GPT, 1U/dl | 22.50 23.75 [ 26.00 25.00 | 24.50 24.25 | 2450 25.25|20.75 20.50 [20.75 22.25(0.05 | 0.61 0.002 0.74
Tﬁgggﬂide* 2250 23.00|22.00 20.00 | 2450 2150|22.75 19.00(20.75 19.00 | 24.25 2275 |011| 0.21 091 075
Cholllggml’ 138.25 141.50/151.00 172.75|152.50 180.00|165.00 198.25(145.25 155.50|146.50 178.25| 0.57 | 0.005 0.22  0.45
Gﬁgfgf’ 81.00 82.25|93.75 9525|8450 89.50 |92.25 103.25(80.50 80.50 | 72.25 85.00 | 0.20 | 0.057 0.10  0.29
HDL, mg/dl|83.50 91.00 | 91.50 104.75( 89.00 106.25/ 95.00 109.25| 84.75 88.75 | 84.50 102.50| 0.26 |<0.001 0.96  0.74
NEFA, mg/d][102.33 136.45(190.35 224.63|139.93 127.15|207.75 287.45(151.20 106.95/103.98 118.23| 1.77 | 0.48 0.52  0.63
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20161 A< diA A3 S B4 A3 (9/\]7} Z:;!N
Albumin 5%+ Alge I3 x| &
GPTY +&5& 257 S o ¢ =%
Triglyceride®] 35+ 259 AR }2] okgle
Cholesterol €] A 7L A B =92 (P=0.005)
Glucose9} HDL®] =& AWA7FolAM ¥ =g (P=0.057, <0.00D

<) (% 3-28)
T vs W =3%s (P=0.002)

0

(P=0.21, 0.9D

L

-

=
o

% 3-29. Concentration of blood metabolites of Korean cattle steers fed either control
or fat-supplemented diet at metabolic cage (AtE F§ 3413 &)

Items 3h after feeding

Period Coldl day 1 |Coldl day 12| Cold2 day 1 [Cold2 day 12| Normal d 1 |Normal d 12 P value

Diet |CON Fat |CON Fat |CON Fat | CON Fat | CON Fat | CON Fat | SE | Diet Month Imerﬁ“
Aﬁgﬁ“’ 365 3.73 | 358 370 | 367 363 | 355 358 | 355 333 | 373 345 [058| 055 0.67 0.29
GOT, 1U/dl | 61.00 60.50 | 62.25 68.25 | 67.33 6650 | 61.25 64.75|72.75 67.00 | 61.25 61.25|0.01| 0.74 062 058
GPT, 1U/d | 23.25 23.00 | 23.50 23.50 [ 25.00 23.75 |23.75 23.75|21.00 19.25 |22.75 21.75|0.19 | 0.30 0.009 0.41
Tﬁgrlnygcl'gide* 21.00 19.25|19.25 15.75 | 26.67 21.25|22.50 16.00|20.75 1850 | 23.50 20.75|0.04| 0.04 040 0.86
Cholggf“’]’ 136.50 136.75|140.50 160.75|149.67 174.25|157.00 184.25/146.00 154.00|161.50 169.75| 0.11 | 0.04 0.046 1.00
G}l‘gfgf’ 90.25 93.00 | 90.50 94.75|92.67 9550 | 89.75 94.00 [ 86.00 83.25|81.25 82.25|0.56 | 0.18 <0.001 0.38
HDL, mg/dl| 82.25 87.00|84.00 97.25|88.00 101.2590.00 101.25/ 8400 87.50 |92.75 96.25|0.14|0.005 023 051
NEFA, mg/d| 74.60 107.6571.23 6558 | 77.67 70.98 | 68.05 79.03|76.38 63.38 |103.75 123.10| 0.23 | 0.56 033 0.7
20163 A2 WA A4F d B4 A (AFE F9 A F) (& 3-29)
e GPTY v&5& 2571 ¥& o ¢ =35 (P=0.009)
o Triglyceride®] vx+ AWA7FFolA o @ke (P=0.04)
o Cholesterol?] %= 2571 245 (P=046), 183 ATl O =4S

(P=0.04)
¢ Glucoses =& A5 o8 IS A 2ga 2571 $SFE =33 (P<0.00D
 HDL =& AWA7ITFAAA B %5 (P=0.005)

% 3-30 Concentration of rumen VFAs and NH3 of Korean cattle steers fed either

control or fat-supplemented diet at metabolic cage (A=

v 3A %)

Items 3h after feeding
Period Coldl day 1 |Coldl day 12| Cold2 day 1 [Cold2 day 12| Normal d 1 |Normal d 12 P value
Diet | CON Fat |CON Fat |CON Fat [CON Fat |CON Fat |CON Fat | SE | Diet Month ™€t
pH 6.62 631|620 6.70 | 6.89 693 | 642 6.74 | 689 6.39 | 6.70 6.84 |0.60| 0.76 0.30 0.26
NH3, mg/dl| 712 7.81 | 13.2 10.6 | 537 3.82 | 522 346 | 529 582 | 109 129 |047| 0.76 0.85 0.56
C2, mM | 57.3 53.0 | 564 57.2 | 59.0 584 | 51.6 51.3 | 59.9 57.0 | 549 50.7 | 126 | 0.58 0.44 0.84
C3, mM 131 131 | 148 165 | 141 160 | 129 143 | 16.0 16.7 | 13.2 149 |0.55| 0.25 0.63 0.81
Iso C4, mM| 069 0.77 | 064 0.69 | 0.66 0.65 | 0.60 0.55 | 0.70 0.74 | 0.82 0.87 |0.02| 053 0.13 0.84
C4, mM | 139 136 | 142 129 | 152 139 | 135 11.0 | 146 14.0 | 125 116 (031 | 0.09 0.20 0.85
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Iso C5, mM| 0.64 0.77 | 0.59 0.67 | 0.62 080 | 0.52 052 | 0.73 0.83 | 0.88 1.01 |0.04| 0.18 0.08 0.96

C5, mM | 099 115|129 130 | 112 1.23 | 110 090 | 1.37 132 | 1.20 139 |006| 0.73 032 0.87
C2/C3 ratio| 4.37 4.28 | 3.83 347 | 418 3.81 | 401 362 | 3.79 357 | 424 377 |010| 008 0.35 0.67
C3/C4 ratio| 0.95 096 | 1.05 129 | 093 116 | 096 1.38 | 111 1.17 | 1.05 1.23 |0.03|0.011 0.19 0.70
Total VFA | 86.6 824 | 87.9 893 | 90.7 91.0 | 80.2 786 | 93.3 90.6 | 835 80.5 |2.04| 0.69 0.73 0.92

0 201613 A<= At A3 A B4 A3 (s Fo 3AT 3) (B 3-30)
» (4, C2/C3 ratiox= Z] W7 A ol 3. C3/C4 ratio & AL 7F-oll A
olx = (p=0.01D. &% JE¥+= YEFYA Z%ka.

3 3-31. Concentration of immune cell populations of Korean cattle steers fed either
control or fat-supplemented diet at metabolic cage.

Items immune cell populations
Period Coldl day | Coldl day | Cold2 day | Cold2 day Normal d 1 Normal d P value
1 12 1 12 12
Diet CON Fat |[CON Fat |CON Fat |[CON Fat |CON Fat |CON Fat | SE |Diet Month Interaction

monocyte, % |44.25 45.13|37.13 52.53|47.73 47.48|44.70 47.78|39.45 37.50|41.15 37.40| 1.23 |0.34  0.04 0.059

CDM*%HCII** 6.02 7.06|588 364|525 633|534 457(628 936|250 3.09| 037 053 070 0.18

CD14-MHCIl+,
%

CD4 T cel, %I1|26.65 20.65]20.00 16.55|25.80 26.48|20.65 22.78|22.00 23.08|30.30 28.08| 1.19 | 0.60  0.097 0.47

CD‘lc’eﬁ?Z;* T 19565 23.10(23.15 23.80|18.93 18.93]17.15 21.03|18.08 20.75|13.88 12.78| 0.78 |0.67 <0.001  0.59

Granulycyte to
lymphocyte |11.38 15.10|15.56 15.50{17.50 16.43|12.95 11.54|13.90 12.81{15.43 13.68| 0.57 [0.90  0.76 0.26

ratio, %
gra/lym 1.21 1.19|2.02 057|0.77 1.09|0.45 0.79|1.04 1.38|0.22 0.38| 0.29 |0.24 0.01 0.091

20.83 21.33]20.70 28.50|18.65 16.60|20.10 22.30{15.84 15.48| 8.64 8.93 | 1.08 | 0.43 <0.001 0.34

0 20161 A= thiA A3 Ed 4 A3 (2 9/\I7J ) (& 3-3D
e CDI14+MHCII+, CD4CD25+ T cell& 257} & FHolA =3k (P<0.00D)
« monocyte Hl&S 257} @& FHeA =% (P=0.04)
» Granulocyte to lymphocyte ratio &= =%=7} % TZHA A =9k, (P=0.01)

mk_ Bacteria;p__ Bacteroidetes
B k_ Bacteria;p__ Fibrobacteres
B k_ Bacterla;p_ LO1
mk__ Bacteria;p_ 5R1

mE  Bac a-p
B k_ Bacteria;p_ F
__Bacteria;p__

1% 3-18 Effect of high fat diet on rumen microbial population (Phylum level)
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i
1
a;p_ GNO2 B D1
L terta;p_ Protecbactena k__Bacteria;p_ SR
I". Bacteria;p__ Spi L |k : 1 T r
B k_ Bacteria;p_ Verrucomicrobia =k Bacterta;p_ [Thermi]

A= 3-19. Effect of low temperature on rumen microbial population (Phylum level)

0 201619 A= A A3 PAE 4 A3 (O2F 3-18, 3-19)

« Normal diet g T2 785 Bacteroidetes(62.7%), Firmicutes(22.5%),
Verrucomicrobia(1.98%) =22 713 #-2 Hl&< A3

e High fat diet Ag5¢ 7%  Bacteroidetes(59.2%),  Firmicutes(23.8%),
Proteobacteria(2.90%) <=°.2 7} @ H| &8 A3

« High fat diet g T4 normal diet A& FXt+ Phylum LD1 (P=0.04)%}
Synergistetes (P=0.016)] H]&°] EtS

e Low temperature A2 ¢  Bacteroidetes(62.8%),  Firmicutes(22.0%),
Proteobacteria(2.18%) 2.2 714 & &S 2}A 3

e Normal temperature gl 7§ Bacteroidetes(63.6%), Firmicutes(20.5%),
Proteobacteria(2.71%) =S 2 7} ®e H &S A3

(3 20173 AL A2 2E# 2 A7 glycerol H7F AFS 2 A AF

P 20173 AL A& 2EHX AZF glycerol A7F ARk AF (20173 1¥€-4¢Y: AL
= 47M4)

- XPAIE Bl Rk oA glycerole ATEER st FAZEHZ =F A SUHEE
FAANAA (A2 F2) & SFA717] A8l @348 7Ae F8 oluAdem A=
glucose®] #4-& S7HA17171 A7 glycerol A7 (=74 FE) IS,

O Ay 49

- FANETE FFAAS 45 (F 7.8 /NLHE, 216.9 kg)

- 2% AA: Diet (glycerol 7P x A Al7] (7€ natural cold-Z &)

- AR g9 9 49 A A U
> EFIAR (F 37D Fol B AAF 34

- Egpd 2H ol 4o YT dETF AR A4 AR T AEEo + 4 AARRE HE
A AR =
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- iz, 293 99 150g vs Glycerol HE#HA AlE H7F (40% A9y, 60% glycerol)
U 400g
CYY FFAIE AAHFY 6%
- wo@ge AAE AT 15%7HA AFS LEste] o ek 3~4kg A= H
> ZAE
- g% 2Ag Fo]71E El2A 3§49 (3kg / day / head)
- ARGS9 AR A H:
> 2H5E A o5 B A Ui R 1AIZE 24 (Hoboware AAIZE 2555471
> AERAAT sEAR B AR YT 54
> AFZA: €¥G0Y) A=A
> d(d4 % 0h 2 AR F59 3A%F $ 5 3h AF)
> AAAE Fo 3h F AF), fecal grap ¥ AWE AFH L £
O 2% % uz

3 3-32. Ingredient of concentrate diet and composition of experimental diets for
Korean cattle steers during 7 ~ 10 months of age at January through April of 2017

DI 537 55w
L 12.331
A 8.000
B 20.000
U7} 20.000
Eatss 0.400
gl 2.800
Azt F 0.308
It 13.000
CMS 1.500
o] 71k 5.000
ofm}g 0.020
e o 12.670
A 3] A 3.133
718 P o 0.020
QA 0.643
I R5 = =) et 0.100
HIE}Fl Z 2] 9] 0.075
A 100.000
>>PROTEIN % 16.000
>>FAT % 3.000
>>ASH % 8.000
NPN % 0.883
>>)NDF % 25.904
>>MOISTURE % 11.831
<NFC % 35.214
<RUP % 5.135
TDN % 70.217
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Timothy hay, % DM

DM 95.55
CP 6.34
EE 8.47
Ash 49.97
Ca 0.56
p 0.12
ADF 44.41
NDF 71.99

‘Provided following nutrients per kg of additive (Grobic-DC, Bayer Health Care,
Leverkusen, Germany): Vit. A, 2,650,000 IU; Vit. D3 530,000 IU; VitE 1,050 IU;
Niacin 10,000 mg; Mn 4,400 mg Zn 4,400 mg Fe 13,200 mg; Cu 2,200 mg; I
440mg; Co440 mg.

¥ 3-33. Mean, maximum, and minimum values of ambient temperatures and relative
humidity from January to April of 2017.

January!  February? March?® April*  SE P value
Ambient temperature, C
Mean -5.09 -0.08 5.57 14.7 0.76 <0.001
Maximum 1.83 9.27 15.9 25.2 1.09 <0.001
Minimum -10.3 -6.8 -1.89 6.56 0.94 <0.001

10th January - 7th Fabruary (4 weeks). *7th February - 7th March (4 weeks). *7th March
- 4th April (4 weeks). “4th April - 1st March (4 weeks).

0 20178 1€¥ - 49 AFAE 7|3 A5 (F 3-33)

e F& A7] (1~2€) & mild cold stress (0 C ~ - 6.7 C) categoryoll 32 (Webinar
Portal for Forestry and Natural Resources, 2014)

¥ 3-34. Growth performance of Korean cattle steers fed either control or
glycerol-supplemented diet from January to April of 2017.

January! February? March?® April* p

SE

Interacti
Control |Glycerol|Control|Glycerol|Control |Glycerol| Control| Glycerol Diet |Month

n

gual body Welght, 5173 5163 2434 2431 2751 2795 2987 3067

Body weight, kg 243.4  243.1 2751 2795 298.7 306.7 325.9 3328

Feed intake, kg

Total feed intake,

kg/d, DM base

Concentrate intake,

kg/d

Forage intake, kg/d  2.70 2.50 2.79 2.79 2.81 2.85 2.86 2.86 0.05 0.35 <0.001 0.039

goncemrate ke, ge0 947 923 97.0 919 905 938 908 0.66 039 0007 053

560 500 58  6.02 630 631 6.69 6.67

290 250 307 323 349 346  3.83 3.81 0.02 096 <0.001 0.92
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Forage intake, % 94.1
Top dressing, % 100
Average daily gain,

kg/d 0.93
Feed efficiency

(G:F), DM base 0.162

874
98.2

0.96

0.169

974
100.0

0.95

0.158

973  98.2
100.0  100.0
1.07  0.84
0.167  0.129

99.6  99.9

100.0  100.0
0.97 097
0.150  0.142

99.8 0.62 0.35 <0.001

100.0

0.93 0.02 0.19

0.66

0.137 0.003 0.22 <0.001

0.039

0.54

0.59

170th January - 7th Fabruary (4 weeks). °7th February - 7th March (4 weeks). 37th March
4th April - 1st March (4 weeks).

- 4th April (4 weeks).

0 20174

e Glycerol &3} ADG
e 2% a3 AR &

]

19 - 49 Aok d

1=1]
=
&0|

e ADG Y AlEE 80 =2
o7 B £ 9e

T

23}

A2 88
1~2 9|
A71el B =& Aoz KBS o, cold stressES

(3 3-34)

o #AHOE FHAL

S

N=10

e

N
§2
rlo
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3 3-35. Concentrations of blood metabolites of Korean cattle steers fed either control or
glycerol-supplemented diet from January to May of 2017 (before feeding)
January February March April May P

SEM| Interac
Control |Glycerol| Control |Glycerol| Control |Glycerol| Control |Glycerol|Control|Glycerol Diet| Date fion

Albumin,
. 3.3 3.4 3.2 3.3 4.0 3.8 3.4 34 32 37 006 0.29 0.058 0.26
GOT, Iu/dl 843 763 739 740 8.4 791 669 796 709 865 288045 082 0.096
GPT, TU/dl 279 271 266 253 321 313 262 261 278 299 058 1.00 051 0.34
;Fnr;%lyce“de’ 244 266 224 250 200 250 212 179 217 222 079 0.69 002 0.42
E;%lle“eml’ 1227 1301 1180 1204 1384 1494 1231 1233 1361 1388 3.65 053 0.30 0.79
1?11;/(;(1)867 97.7 997 1014 1004 1164 1051 844 755 843 89.4 2.01 0.43 <0.001 0.93
HDL, mh/dl 899 913 926 914 1020 1047 901 852 938 931 179 0.80 097 0.73
Ca, mEq/dl 9.8 9.9 9.6 94 117 108 9.8 99 100 106 0.130.99 024 0.34
P, mEq/dl 9.1 9.2 9.4 98 111 106 9.7 92 97 97 015064 043 062

0.09

NEFA, mg/dl  468.6 293.2 1949 189.1 303.7 286.0 254.6 136.8 187.0 114.0 27.01 ) 0.007 0.83

0 20179 19 - 49 AFAE ol

e Glycerol &3} gl

<% &3} Glucose, TG, NEFA
o F9 2E#H 2 o & At
gl Y glucose (glycogen E&j &)

=
(¢}
&

B2 A} (before feeding, 0h) (% 3-35)

o

i ryoF

57 %
Z7he

5

Lo

[e]

=3 7l
o

.E‘:‘u;:__o _/_',:O

ARGl H Bk

A glycogen #3f #HAHS X
. (Gorski et al.,

1981)

23}e]

3% 3-36. Concentrations of blood metabolites of Korean cattle steers fed either control or
glycerol-supplemented diet from January to May of 2017 (after 3h feeding)
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January February March April May P

SEM
Control  (Glycerol (Control  Glycerol [Control  [Glycerol [Control  (Glycerol (Control [Glycerol Diet [Date [nteraction
i 0.07
Albumin, ml/dl 3.3 3.5 3.3 3.3 3.4 3.4 3.4 3.2 3.7 3.4 0.04 5 0.20  0.54

GOT, 1u/dl 85.7 8.6 757 749 781 736 676 788 734 877 230 0.440.44 0.35
GPT, 1U/dl 281 291 260 260 284 281 270 259 309 296 052 072030 0.95

T”ilgy/;e“de’zo.zx 184 249 276 209 190 209 228 226 236 0.73 069052 0.70
Chz;/edjte“”’117.4 1307 1163 1167 1063 127.0 1185 117.2 137.7 1421 2.99 0.630.069 0.18

Glucose, mg/dl 91.1 936 984 101.0 954 964 89.0 87.2 879 839 0.99 0.17<0.001 0.89
HDL, mh/dl  86.7 92.7 90.0 89.7 797 909 875 80.7 934 910 1.46 0.67091 0.045
Ca, mEq/dl 9.7 10.0 9.6 98 94 96 9.8 9.2 10.5 10.2 0.08 0.14 0.074 0.87
P, mEq/dl 8.7 8.8 9.7 9.7 91 104 9.7 9.0 104 103 0.14 0.740.002 0.15
NEFA, mg/dl 1429 1126 97.1 1023 893  138.8 1139 80.8 925 103.3 6.73 0.190.17 0.31

0 2017 1€ - 49 AFAE A B4 A (after 3h feeding) (E 3-36)
¢ 25 &3 Glucose =7k F2A1710l B =9k Oh 4 Aol FA
e Glycerol &3 gl

3 3-37. Concentrations of rumen VFAs and pH of Korean cattle steers fed either control
or glycerol-supplemented diet from January to May of 2017 (after 3h feeding)

January February March April May P
SEM . Interacti
Control |Glycerol| Control |Glycerol| Control |Glycerol| Control |Glycerol|Control| Glycerol Diet |Date on
pH 6.54 6.35 6.50 6.67 6.25 6.39 6.61 6.49 6.63 6.58 048 054 032 0.75

NH3, mg/dl  10.45 9.01 11.23  11.97  10.60 9.12 13.82 1239 1065 1253 198 0.56 0.73 0.56
C2, mM 90.5 68.1 78.6 74.1 69.7 60.5 76.5 69.7 1148 736 534 0.066 034 048
C3, mM 24.3 25.1 19.6 23.9 22.5 20.4 19.3 27.2 21.6 236 076 0.046 0.65 0.55

Iso-C4, mM  0.98 0.80 0.82 0.75 0.66 0.61 0.83 0.66 0.90 0.84 003 003 093 071
C4, mM 18.9 19.2 16.9 19.3 14.5 14.7 14.6 17.1 17.1 19.4 052 0.088 0.39 0.54

Iso-C5 mM  1.24 1.00 0.96 1.00 0.72 0.74 0.87 1.67 1.04 105 012 050 0.83 048
C5, mM 2.14 2.35 1.87 2.86 1.51 1.50 1.40 2.08 1.80 216 010 0.012 010 0.99

C2/C3 ratio  3.74 2.78 4.07 3.17 3.20 3.19 4.07 2.61  5.65 324 027 0.011 018 0.26

Total VFA 138.0 116.6 1188 1219  109.5 98.5 1135 1184 1573 1207 5.74 0.22 047 0.62

0 2017\d 1€ - 49 ArFAF A 24 A} (after 3h feeding) (F 3-37)

RN+ P

+ Glycerol &3 C3 =7 F7Fstd e, C2 | C3 ratio7} 2+4%

- C3& glycerole] WFE9 oA fermentation® wj Aoz AAEHE VFAY
(Czerkawski and Breckenridge, 1972)
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(h 20179 AL AL 2EH2= A

7+ glycerol H7F thAb A3 (201749 1¥€-2¢: A=27-3
e 271€)

O 48 54
- M= HEE=9] Wioll A glycerol° ATE=d=E 8o FAZREHE =5 l <71+
) A8

d

XE

FAANAA (A2 F2) & SFA717] A F34 FAe F8 ouAde

glucose] A4S Z7HA717] Y3 glycerol A7 (Fe#bA ) 23,

O 438 U9
- IA T E: FFAMS 65 (FF 7.8 MNLH, 235.7 ko)
A Diet (glycerol H7P x A Al7] (A&7 vs A=)

, /\PE; 9am, 6pm, Wi obd AR Ho A JF A UE
IARE JAFY 1.5%), 2AHE (3 kg/d) F¢

2T, &y ‘é% 150g vs Glycerol ®HZ=d4 Als H7F A0% 293 + 60%
glycero) AlSA @7 U3 HIAE ALLF (% 7-73 F YT

TR 8 2AE A
€)

- A 400g ¥ FFAE AHAZFY 6%
- Mineral block; &4 A&
- Water; &4 59, (7 2% 2822 E7l%
> AT A 12T, AERET 7 AT IAY H FEL =
st =4
> Blood collection: 43 dl, d9, d18el A+

> AF AIRE 8hold A4 = 24 9A] AlEE A [ AR 59 A =

> AFH W, Ay 2 B4 3 AMRA @S A U

> &slE SAAY: &3stE AF AV B AE 7} period 493 (d15 - d17)

> Total fecal collection: ¥ & Z} period 497t (d15 - d17), €€ =4 A7t ( 5A]
%
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3% 3-38. Mean, maximum, and minimum values of ambient temperatures and relative
humidity in metabolic cage

Period 1! Period 2 ?
SE P value
(natural cold) (normal-temp)
Ambient temperature, C
Mean -1.10 21.0 0.17 <0.001
Maximum 0.25 24.4 0.69 <0.001
Minimum -4.07 16.9 0.97 <0.001
Ambient relative humidity, %
Mean 57.6 30.2 0.37 <0.001
Maximum 69.0 36.7 0.43 0.0012
Minimum 47.4 24.6 0.27 0.002

'Experiment period was 18 days from January 9 to 26
Experiment period was 18 days from February 13 to March 2

0 20173 AL tiA A3 % A5 (3 3-38)
e Cold period += mild cold stress (0 C ~ - 6.7 C) categoryell 323 (Webinar Portal for
Forestry and Natural Resources, 2014)

#* 3-39. Growth performance of Korean cattle steers fed either control or
glycerol-supplemented diet at natural-cold or normal-temperature condition

Period 1 ! Period 2 2
P-value

(natural cold) (normal-temp) SE

Control | Glycerol | Control | Glycerol Diet | Temp |Interaction
Initial body weight, kg 237.0 233.7 259.3 265.0
Body weight, kg 251.7 252.0 277.0 290.0
Feed intake, kg/d, DM

base

Total feed intake, kg/d 6.00 5.87 6.34 6.40 0.09 076 0.02 0.45
Concentrate intake, kg/d 3.22 3.19 3.55 3.64 0.03 0.72 0.0016 0.49
Forage intake, kg/d 2.78 2.68 2.79 2.76 0.02 023 0.36 0.54
Concentrate intake, % 100 100 100 100 0 034 0.34 0.34
Forage intake, % 96.8 93.5 974 96.2 0.02 0.23 0.36 0.54
Average daily gain, kg/d 0.82 1.02 0.98 1.39 0.02 009 0.13 0.54
Feed efficiency(G:P),

0.140 0.172 0.160 0.216 0.006 0.13 0.25 0.66
DM base
Digestibility, %
DM 60.5 64.1 65.2 63.4 235 056 087 0.25
EE 41.2 50.6 52.8 39.6 389 025 054 0.87
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NDF 66.0 55.7 50.6 59.1 457 032  0.67 0.37
ADF 30.3 35.8 40.6 36.4 404 026 0.45 0.89
'Experiment period was 18 days from January 9 to 26

’Experiment period was 18 days from February 13 to March 2

0 20179 A<= thAHEE 23 (& 3-39)

o 25 &3 AL A7)l AR &EE0] FRFOE Uk

o Glycerol &3 ADG Z7}8tE AdS BYgow, AA5ago] £33 o2 =73

» Glycerolo] growth performance @&dol 44 4 vE 7Msidol I+

3 3-40. Concentrations of blood metabolites of Korean cattle steers fed either control or
glycerol-supplemented diet at natural-cold or normal-temperature conditions (before
feeding)

Period 1 / Period 1 / Period 2 / .
Period 2 /
day 1 day 18 (natural day 1 day 18 (ormal) P
(natural cold) cold) (normal) y SEM
Control | Glycerol | Control | Glycerol| Control | Glycerol | Control | Glycerol Diet Date |Interaction
Albumin, mg/dl 2.9 2.3 3.6 3.6 34 35 34 35 0.12 0.31 0.22 0.68
GOT, Iu/dl 52.0 97.0 68.7 87.3 73.0 98.0 63.3 87.7 7.94 0.12 0.97 0.95
GPT, IU/dl 19.3 20.3 24.3 21.0 22.7 23.3 24.0 23.0 0.63 0.60 0.19 0.60
Triglyceride,
16.0 20.7 16.0 23.3 16.3 21.7 16.3 22.0 1.23 0.004 0.66 0.71
mg/dl
Cholest 1,
ngdsl €% 840 900 1027 1037 1007 1150 1023 1083 363 038  0.23 0.94
u
Glucose, mg/dl  74.3 76.7 94.7 103.3 98.7 96.0 86.3 80.7 2.80 0.88 0.004 0.68
HDL, mg/dl 68.7 71.0 83.0 86.0 71.7 86.7 84.3 83.0 2.91 0.61 0.33 0.95
Ca, mEg/dl 8.6 8.8 10.3 10.4 10.6 10.9 10.2 10.1 0.20 0.67 <0.001 0.97
P, mEq/dl 8.4 7.7 7.8 9.2 10.9 8.7 10.8 9.9 0.31 0.21 0.006 0.077
NEFA, mg/dl 469.0  428.7 2544 1767 2835 1872 1631 1085 29.30 0.078  <0.001 0.95

0 20179 AL A EH 24 A3} (before feeding, Oh) (E 3-40)
e 2% 33 A2 FE AAHAA glucoses = F7FsE o™ NEFA 571 743
» Glycerol &3}; Triglyceride % %713t 21, NEFA 557} 745t AL HY

tlo

3 3-41. Concentrations of blood metabolites of Korean cattle steers fed either control or
glycerol-supplemented diet at natural-cold or normal-temperature conditions (after 3h
feeding)

Period 1 / Period 1 / Period 2 / .
Period 2 /
day 1 day 18 (natural day 1 day 18 (normal) P
(natural cold) cold) (normal) Y SEM
Control | Glycerol | Control | Glycerol| Control | Glycerol | Control | Glycerol Diet Date |Interaction
Albumin, mg/dl 3.20 3.13 3.27 3.53 3.40 3.63 3.60 3.37 0.07 0.73 0.34 0.56
GOT, Tu/dl 71.0 99.0 67.0 88.7 77.3 98.7 66.0 88.3 7.68  0.20 0.96 1.00
GPT, IU/dl 24.0 21.0 23.0 21.0 25.7 22.7 24.3 23.0 0.65 0.11 0.66 0.97
Triglyceride, mg/dl 11.3 15.0 13.0 21.3 18.3 26.3 19.0 23.0 1.31  0.009 0.025 0.77
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Cholesterol, ug/dl 89.0 90.0 90.7 99.3 91.3 108.7  102.7 99.7 228 018 0.25 0.38
Glucose, mg/dl 86.7 87.3 91.0 98.7 94.7 102.3  101.0 91.3 2.60 0.78 0.51 0.66
HDL, mg/dl 74.3 72.7 73.0 81.3 70.7 80.3 83.7 79.3 184 0.44 0.51 0.48
Ca, mEq/dl 9.47 9.27 9.07 10.7 9.90 10.8 10.7 9.53 0.20 031 0.33 0.12
P, mEq/dl 9.50 9.17 8.13 9.63 9.17 9.77 10.1 9.20 0.23  0.64 0.71 0.33
NEFA, mg/dl 101.8 79.4 192.1 99.3 112.1 92.3 96.4 55.3 9.90  0.009 0.02 0.31

0 20179 AL tAMEE ¥ B4 A3} (after 3h feeding) (F 3-4D
5 &3 ALl A triglyceride 7H4:, NEFA %713}
AA o] R =W NEFAZ A= AL FAE A4 & A4 ouAdez Agd

2~ 90l o
T )k}]\u-

Glycerol &3}, Triglyceride % Z7}3t90H, NEFA 557} 7+43)

- Glycerole] oAl tirte] #3-& 2F7] all HAEZ A triglyceride &8-S g
back-boneo 2 ALEE 4 95

3 3-42. Concentrations of rumen VFAs and pH of Korean cattle steers fed either control
or glycerol-supplemented diet at natural-cold or normal-temperature conditions (before
feeding)

Period 1 / Period 1 / Period 2 / .
Period 2 /
day 1 day 18 (natural day 1 P
y | cold) - ( D day 18 (normal)
natural co co normal SEM
Control |Glycerol| Control |Glycerol| Control |Glycerol| Control |Glycerol Diet | Date |Interaction
pH 6.61 6.79 6.92 6.88 7.13 6.64 6.55 6.81 0.45 0.65 057 0.80
NH3, mg/dl 12.1 10.1 115 12.6 13.5 11.1 12.2 13.1 2.26 062 024 0.84
C2, mM 38.3 35.0 53.6 54.2 55.0 62.3 62.7 56.5 2.93 0.93  0.02 0.81
C3, mM 7.15 7.26 10.7 9.97 12.1 12.9 124 12.1 0.71 0.98 0.04 0.98
Iso-C4, mM 0.85 0.80 0.95 0.70 0.99 1.03 0.95 0.94 0.03 0.27 011 0.35
C4, mM 4.36 3.99 8.97 9.60 7.60 9.08 10.46 9.65 0.64 0.82  0.003 0.85
Iso-C5, mM 1.21 1.10 141 0.91 1.34 1.42 1.20 1.25 0.05 0.20 0.29 0.13
C5, mM 0.36 0.29 0.61 0.44 0.79 0.88 0.51 0.55 0.06 0.82  0.04 0.86
C2/C3
ratio 5.50 5.09 5.53 5.54 4.64 4.88 5.04 4.73 0.16 0.74 041 0.91
i
Total
VFA 52.3 48.5 76.3 75.8 77.9 87.6 88.2 81.0 4.28 0.95 0.018 0.87
0 20179 AL AR E HAH A At (before feeding, 0h) (F 3-42)
e 2% F§3 AL FHANA C2, C3, C4, Ch, total vfa =7} S-S AL ZHANA Wi

9 W vfazl o ol

» Glycerol &3 Yeh}A

2~ os

a-

Lk
(el Xe) SN
1—‘6}/1-121-

e TFsAel e

3 3-43. Concentrations of rumen VFAs and pH of Korean cattle steers fed either control
or glycerol-supplemented diet at natural-cold or normal-temperature conditions (after 3h

feeding)
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Period 1 / Period 1 / Period 2 / .
Period 2 /
day 1 day 18 (natural day 1 P
( | cold) 0 ( D day 18 (normal)
natural co co normal SEM
Control |Glycerol| Control |Glycerol| Control |Glycerol| Control |Glycerol Diet | Date |Interaction
pH 6.54 6.29 6.36 6.48 6.29 6.34 6.25 6.55 0.39 0.27 050 0.57
NH3, mg/dl 11.2 12.7 12.0 13.2 11.0 10.3 9.25 12.2 2.42 0.82 0.40 0.45
C2, mM 64.1 63.5 89.1 78.7 63.9 65.4 89.0 80.0 2.9 0.34  0.006 0.75
C3, mM 16.5 21.7 22.4 40.8 15.6 18.7 22.9 24.8 5.4 0.25 0.34 0.52
Iso-C4, mM 0.9 0.9 1.2 53 0.6 0.8 1.0 1.0 0.6 0.36 0.39 0.52
C4, mM 11.6 16.0 17.6 16.9 10.7 15.7 18.3 22.4 0.9 0.014 0.002 0.33
Iso-C5, mM 1.0 1.2 1.3 1.3 0.6 0.8 0.9 11 0.1 0.43 0.053 0.93
C5, mM 1.7 2.0 2.1 2.2 1.6 1.9 1.8 1.7 0.1 0.43 0.48 0.93
C2/C3
. 3.9 2.9 4.1 2.9 4.2 3.5 3.9 3.2 0.2 0.03 0.86 0.94
ratio
Total
VFA 95.8 105.4 133.6 168.3 93.2 103.3 133.9 131.0 7.4 0.34 003 0.78

0 20173 AL A HAY 4 A (after 3h feeding) (F 3-43)
e 2% 33 4 &7}
e Glycerol &3; C4 &7}, C2/C3 ratio

*

3-44.

Immune cell

7}

populations

TV -

™ 2>

periode] whx|u} ol 71319
ArF Ay Aol FAE

of Korean cattle steers fed either control or
glycerol-supplemented diet at natural-cold or normal-temperature conditions (before

feeding)
Period 1 / Period 1 / Period 2 / .
Period 2 /
day 1 day 18 (natural day 1 P
day 18 (normal)
(natural cold) cold) (normal) SEM
Control |Glycerol| Control |Glycerol| Control |Glycerol| Control |Glycerol Diet | Date |Interaction
monocyte, % 315 29.8 28.3 29.1 39.2 26.1 23.4 19.8 1.53 0.09  0.03 0.25
CD14+MHCII+, %  5.70 5.16 8.79 6.56 5.47 6.22 5.18 10.02 0.62 0.57  0.45 0.24
CD14-MHCII+, % 9.5 10.6 18.9 17.5 14.9 8.3 13.9 9.2 1.08 0.12  0.02 0.44
granulocyte, % 28.2 25.1 30.2 23.3 24.1 31.9 19.4 15.8 1.72 0.66  0.13 0.44
lymphocyte, % 40.3 45.1 41.6 45.0 42.9 34.5 40.0 43.3 1.45 0.81 073 0.43
CD8+T, % 11.8 11.6 20.9 15.0 12.6 9.5 15.3 15.2 1.37 0.43 031 0.87
%D'f/& of CD8+ 4.25 2.73 8.31 4.70 1.93 3.06 3.54 2.18 0.82 0.45 037 0.81
, /0
CD4+ T, % 23.5 215 22.0 20.0 17.0 13.9 25.2 19.9 1.31 0.26  0.23 0.97
D25+ of - CD4+ 15.9 14.6 14.8 16.8 15.2 21.3 16.9 20.6 0.70 0.04 013 0.19

T, %
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0

2017d A< dAAEE g B4 A (HY M3E) (before feeding, Oh) (3£ 3-44)

F9 2Edg 2z 93] ¥ W monocyted] BlE©o| F7lstal CD14-3+ antigen-presentig
cells (APC)e] Hl-&o] F7}sle], o]& F3 Adaptive immunity®] 437 ZAFHAE 7
Tl A THY F9 2EG e o] WHYEo] volx nlolyx T TEFTAl o

BAE sre.
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e e, Aost us 79 (2014
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94 SEg meolA 4G 3 AYAE ww BY ATE Yt
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EdE 452 g9 2Ed2 ALE Asuge A 2 Fed A7k A4 A
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(D 20149 AF 12 2E# 2 A AR AAYATE (20149 7€-9€9: AE-7Fs 271 €)
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- @9 ANS 2e
- B9olA LE AEd sl UF GRINYNA AE, 2EHS AL P WY WS A%

=

> 9w AREE R JYde - WS ws 24
> FYAEEIIA) A7kol ol JFALYLH AE A G} P
> o5 AEWA AE 9 WY we AX M B £
> AR FAAE AN T 7
> o5 zAo| Vs AYN AN AF
O 43 B4
- BABE  BSAM AL 207
- JJBAR TA  BA SAS ARE AN 2TIE 24 AR 1304 LA

B
> WA 7] 64 450 7E 1F
> WAL 2-3Y AR SAAR - Z2ARE T3, 55, 37 HIEE HHo=
LA
> duiAdy Hg 77k 7€ 3 - 27¢ (249
> NG 27FA FUda AT E2TFHAA AutE Z2), Glycerol 7
- A2 s FAAUA 2ol wokA AL, Aol AshET, glucose L
Zo] FolX|ZE gluconeogenesis ATFEZZ ALEE = glycerol 71l S A%
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- HITACHI 7180 (HITACHI, Japan) A3}st #47]5 o] &3t triglyceride, cholesterol,
NEFA,
HDL, LDL, glucose, GOT, GPT, albumin, phosphurs, calcium, magnesium <43
- Aegsty Hds Ao A immune cell populations ¥4
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3 3-45. Ingredient of concentrate diet and composition of experimental diets for

Korean cattle steers during 15 ~ 18 months of age at August through October of 2014
Provided following nutrients per kg of additive (Grobic-DC, Bayer Health Care,

Ingredients Control Glycerol suppl
Ground corn 2.16 1.35
Steamed-flaked corn 21.00 21.00
Ground wheat 26.54 30.20
Salt 0.20 0.20
Molasses 4.20 4.20
Soy hull 3.00 7.00
Corn flour 9.00 5.00
Rice bran 3.00 1.78
Cottonseed hulls 2.00 2.00
Palm kernel meal 7.00 8.00
Ammonium chloride 0.15 0.15
Urea 0.34 0.34
Sodium bicarbonate 0.75 0.75
Condensed molasses solubles 1.40 1.18
Corn gluten feed 10.78 3.30
Limestone 2.09 2.06
Copra meal 5.53 8.64
Palm oil 0.70 0.70
Purified glycerin - 2.00
Mineral/Vitamin premix1 0.17 0.17
Total 100.00 100.00
Chemical composition, % DM
Concentrate  diet

DM 86.47 86.55

CP 13.33 13.69

Fat 3.43 3.39

Ash 5.76 5.84

Ca 0.92 1.03

P 0.44 0.39
Tall-fescue hay, % DM

DM 91.61

CP 5.96

Fat 1.63

Ash 5.76

Ca 0.27

P 0.12

ADF 65.90

NDF 39.98

Leverkusen, Germany): Vit.

440mg; Co440 mg.

A, 2,650,000 1U; Vit. D3 530,000 1U. ViLE 1050 1U;
Niacin 10,000 mg: Mn 4,400 mg Zn 4,400 mg Fe 13200 mg Cu 2200 mg I

¥ 3-46. Mean, maximum, and minimum values of ambient temperature, climate

temperatures, relative humidity and THI

in experimental

farm at August and
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September of 2014.

August September(P2)

Items P
(P1)* ?
Ambient temperature, C
Mean 23.23 19.91 0.31 <0.001
Maximum 27.81 26.32 0.41 0.45
Minimum 20.23 14.74 0.43 <0.001
Climate temperature, C
Mean 22.73 19.32 0.36 <0.001
Maximum 32.84 35.84 1.10 0.03
Minimum 18.62 12.49 0.47 <0.001
Ambient Relative humidity, %
Mean 81.96 75.61 0.95 <0.001
Maximum 91.94 59.21 0.40 0.19
Minimum 65.98 32.22 2.07 <0.001
Climate Relative humidity, %
Mean 74.58 71.35 1.64 0.78
Maximum 90.49 87.48 1.42 0.014
Minimum 55.02 25.45 2.89 <0.001
Ambient THI®
Mean 70.36 64.00 0.51 <0.001
Maximum 75.77 69.65 0.51 <0.001
Minimum 66.32 56.67 0.66 <0.001
Climate THI
Mean 70.61 63.69 0.58 <0.001
Maximum 80.26 78.72 0.90 0.31
Minimum 64.34 53.30 0.80 <0.001
' July 28 - August 26 (4 weeks).
* August 27 - September 25 (4 weeks).
* Temperature-humidity index
08¢ -99 7% A5 (& 3-46)
- 9gol vl 8Ye) Ay A eE R WF LE, HA ¥E L BT FEF BUE
of W& THI A= 9Ll Hlsl 849 HA, Hi, H+ THVF BF =43
- el Mg 8ol A HA £ % Pz LE HAA FE R F@ G2 wAE

Pt et
\ -
- THI A= 9ol wvls) 849 HA, FHa, Hkel BF =%+
- Zimbelman at al. (2009)& THI 72~79+ <F3h 0
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¥ 3-47. Growth performance, rectal temperature, and respiration frequency of
Korean cattle steers fed either control or glycerol-supplemented diet at August and
September (N=10)
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August(P1)* September(P2)* Total period P
Variable Cor]ltro Glycerol | Control | Glycerol | Control | Glycerol SE Diet | Month | Ineradin

Age, month 14.4 14.0 15.4 15.0 14.9 14.5

Initial body weight 405.0  405.2 434.7 430.7 405.0  405.2

Body weight, kg 434.7  430.7  455.8 453.9 455.8  453.9 5.54 0.79 0.049 0.92
Daily feed intake® , kg: DM

Total feed intake, kg/d 7.63 7.62 8.21 8.09 9.16 9.07 0.08 0.68  0.0012 0.70
Concentrate intake, kg/d 5.44 5.45 6.00 5.93 6.62 6.57 0.08 0.81  <0.001 0.77
Daily forage intake, kg/d 2.19 2.19 2.20 2.16 2.54 2.50 0.03 0.61 0.93 0.81
Average daily gain, kg/d 0.96 0.96 0.70 0.77 0.83 0.80 0.04 0.62 0.03 0.13
Feed efficiency(G:F) 0.96 0.108 0.094 0.083 0.092  0.088 0.0005 0.63 0.003 0.11
Rectal temperature, C 38.5 38.6 38.3 38.4 0.04 0.31 0.007 0.52
Respiration (per minute) 49.9 454 404 39.8 1.05 0.15  <0.001 0.31

' July 28 - August 26 (4 weeks). * August 27 - September 25 (4 weeks).
* Body weight was recorded at August 27 and september 26, respectively

0 8-9¢ Al¥AY A3 (& 3-47)
- Glycerol H7}= A3, d93A% 2 A58 8
- 8o Hl3)] 9¥9 HIAE HHTFLS =9For],

99 HHF == A= =71 89lo) /Mg 2 A
SE O 890o] 9¥ BT EkoeH, glycerol H7F &&= fI%l=.
= g 8¥o] 9gRT Egon, 8YdE glycerol A7tRE PopAE AFS B
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1% 3-20. Plasma cortisol concentrations at several months during summer and fall in

Korean cattle steers. Values are mean + SEM. Minimum THI values at bleeding date are
shown. No statistical significance.

0 Cortisol &% : Glycerol 712 W¥H3} gla (2™ 3-20)
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1% 3-21. Serum concentrations lipid metabolites at several months in Korean cattle steers.
Values are mean + SEM. Minimum THI values at bleeding date are shown. Mean values

with different letters differ(P<0.05)

o Cholesterol, HDL ¥ LDL &% (298 3-21)
- olF BT U 7¥ 28¥€9 #ET 8Y 279 ¥ 9¢ 26¥ 9] Fro] Ehe.

& LA 1 :
L1t 18
“ g ! | i A
- 143 i~ I H’ H"E
it B~ -
T =g P/‘\‘\" E
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13 3-22. Serum concentrations glucose and liver indicators at several months in
Korean cattle steers. Values are mean + SEM. Mean values with different letters differ

(P < 0.05).

0 Glucose, GOT ¥ GPT &% (19 3-22)
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1% 3-23. Serum concentrations minerals and protein metabolite at several months in
Korean cattle steers. Values are mean + SEM. Mean values with different letters differ (P
< 0.05).

o Albumin, phosphorus, calcium, magnesium % (7138 3-23)
- Albumin, phosphorus, calcium, magnesium &%+ U 7€ 28¥ X0 8¢ 27¢ 9 9¢
26 o]

HHA FolA e AFE EAS.
- Phosphoruss =+ 949 26 =8|Al& H7I+9 57 TR0 =32
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1% 3-24. Serum immune cell populations at several months in Korean cattle steers.
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Values are mean + SEM. Mean values with different letters differ (P < 0.05).

o Immune cell populations (718 3-24)
- Granulocyte to lymphocyte ratio= 8¢ 27l 7} =3ka, CD4+ 2 CD8+ T cell&
7 B 749 26€ 7P E=%om FA wobx THIREA Wlelshe AdFS ®4.
- B cell 2 monocytex= 89 11¥0] 71 wEokar, 9¢€ 26€9 2 71AA F71s19S

(2) 20159 o & a2 2Ed 2 Az RUP A7F A 2 At 23

=

P 2015d & & ~EH2 A7 RUP HA7F ALY A

* e AMS 1 2EH S AAAE A AT
R 25 2Ez i gy Ax, 2EH2 AE 5 WY wE
A% W
-9 ARES 5 Y Y - dYshE s 34
- RUP 7}l 213 dFgsd Az /id &3 9
- 25 2Edf 2 Ax 9 A9y wg AxE AN 523 24
- AR ALE D B A
O d34d

- IATE - T AAS10.671€L %, 231.3kg) 14F

AP 27FA] ¥4 Atz RUP (Rumen Undegradable Protein) % 71+

- 12 s FAAYA &l wobAaL, AF "ol AstEnt. WS yollA w
el o8 43tEA Fa AFo= HlE Wert B Ay FES =°17] #%
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> (4] F 0h 2 AR Fo 347 F; 3h AH)
> Immune cell populations

3% 3-48. Ingredient of concentrate diet and composition of experimental diets for
Korean cattle steers during 10 ~ 15 months of age at July through October of 2015

o= RUP

L 17.02 16.78
AT 20.00 20.00
A v 7 5.00 5.00
e 0.37 0.37
o u}d 1.50 1.50
gl 3.80 3.80
A3 G EH 0.50 0.50
Sy 10.00 10.00
CMS 1.50 1.50
ofz}Hk 10.00 10.00
DDGS 4.71 9.34
Live yeast 0.01 0.01
S 4.20 4.00
) o) 16.84 12.34
B35 AP35 - 0.80
3] 4 3.04 3.06
5ol A 0.05 0.05
718 Pulg 9 0.01 0.01
o 1} 1.20 0.69
1RE] = a=d Rt 0.10 0.10
HIEFTl S 2] 9] 0.15 0.15
A 100.00 100.00
Chemical composition, % DM

DM 89.44 89.25

CP % 15.00 15.00

Fat % 4.10 5.23

Ash % 9.47 8.83

NDF % 24.43 24.23

ADF % 35.91 35.11

RUP % 5.45 6.00

TDN % 70.39 72.50
Tall-fescue hay, % DM

DM 90.63

CP 6.06

Fat 1.55

Ash 5.89

Ca 0.35

P 0.19

ADF 66.76

NDF 38.50

Provided following nutrients per kg of additive (Grobic-DC, Bayer Health Care,
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Leverkusen, Germany): Vit. A, 2,650,000 IU; Vit. D3 530,000 IU; VitE 1,050 IU;
Niacin 10,000 mg; Mn 4,400 mg; Zn 4,400 mg; Fe 13,200 mg; Cu 2,200 mg; I
440mg; Co440 mg.

O+ 2% 3% 22
F 3-49. Mean, maximum, and minimum values of ambient temperatures, climate

temperatures, relative humidity and THP at July to October of 2015.
Augu Septe Octo

1
Items July o2 mber? bert SE P
Ambient temperature, C
Mean 24.9 23.4 18.4 9.8 0.55 <0.001
Maximum 30.8 32.9 28.8 19.8 0.65 <0.001
Minimum 21.3 18.1 11.7 3.75 0.66 <0.001
Climate temperature, C
Mean 24.2 214 16.7 10.4 0.57 <0.001
Maximum 30.2 28.1 24.9 17.5 0.63 <0.001
Minimum 20.6 17.0 11.0 5.3 0.64 <0.001
Ambient Relative
humidity, %
Mean 100.4 67.0 71.3 72.7 2.41 <0.001
Maximum 120.3 97.9 102.3 99.9 1.68 <0.001
Minimum 714 68.0 64.8 30.4 3.90 <0.001
Climate Relative humidity,
%
Mean 102.1 102.8 974 83.0 1.33 <0.001
Maximum 122.9 127.6 127.6 106.6 1.14 0.003
Minimum 70.9 71.1 72.3 49.8 1.95 <0.001
Ambient THI
Mean 76.8 76.3 75.9 50.9 0.94 <0.001
Maximum 81.8 81.3 80.9 63.7 0.83 <0.001
Minimum 72.0 71.5 71.1 38.9 1.25 <0.001
Climate THI
Mean 70.9 71.1 72.3 51.4 1.01 <0.001
Maximum 81.1 80.7 80.3 61.6 0.86 <0.001
Minimum 70.6 70.1 69.8 40.9 1.28 <0.001

IExperiment period was 4 weeks from July 10 to August 6.
’Experiment period was 4 weeks from August 7 to September 3.
SExperiment period was 4 weeks from September 4 to October 1.
‘Experiment period was 4 weeks from October 2 to October 30.
*Temperature-humidity index

0 201598 7€ - 10€¥€ 71%& A= (& 3-49)
» 7,899 HF U] E HA 7|22 9, 10€ET =3k= (p < 0.00D)
» 7, 8¢9 H THI 2 Hi THI= 9, 10€ 2 =35 (p < 0.00D
= Collier et al. (2012) o] 9Js}H THI (72~29) ¥ $]+= mild heat stress, (80~89) ¥ 7%
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moderate heat stress o= = 7~8€ (THI, 81)2 moderate ~ mild heat stress el 2}ar
& 5 9le
3* 3-50. Growth performance of Korean cattle steers fed either control or
RUP-supplemented diet at July to October of 2015.

Variable July! August? September® October? P
Cont Cont Cont Cont . Interac
rol RUP rol RUP rol RUP rol RUP SE Diet Month tion
Age, month
Initial body weight 231.3 2294 259.1 2574 288.6 282.7 300.2 294.2
Body weight, kg 259.1 2574 288.6 2827 300.2 2942 319.7 3125

Feed intake, DM base

Eg}éy total feed intake, gq3  gos 748 736 800 7.80 832 803 029 046  <0.001  0.76
Daily Concentrate 514 313 358 359 393 379 422 405 024 007 <0001 034
intake, kg/d

Daily forage intake, 0.001

kg/d 376 372 390 377 408 4.01 409 398 0.08

0.011 0.09
Average daily gain, kg/d 099 1.00 1.05 09 075 076 0.70 065  0.01 0.93 <0.001 0.02

Feed efficiency (G:F) 0.144 0.147 0.142 0.123 0.094 0.099 0.085 0.083 0.0003  0.42 <0.001 0.03

N =10

IExperiment period was 4 weeks from July 10 to August 6.
Experiment period was 4 weeks from August 7 to September 3.
SExperiment period was 4 weeks from September 4 to October 1.
‘Experiment period was 4 weeks from October 2 to October 30.

20151 7¥ - 10€ AFFAERE AH (& 3-50)
. YT FAF D AT BLL Diete] G WA ggkor], TUH 10U B4E Q
GEAF 9 AR B0l HolH .

3% 3-51. Concentrations of blood metabolites of Korean cattle steers fed either control
or RUP-supplemented diet from July to October of 2015 (AF& F<o A 9h fasting)

Items 9h fasting
Period Jul 10 Aug 7 Sep 3 Oct 1 Oct 30 P value

SE Interacti
Diet CON RUP | CON RUP | CON RUP | CON RUP | CON RUP Diet  Month eorfc
ﬁgb/%lmn’ 33 323|303 276 | 335 330 | 356 347 | 355 337 |059| 0.08 <0.001 0.81
GOT, mg/dl| 751 721 | 746 623 | 8.2 695 | 782 751 | 774 679 |454| 056  0.005  0.77
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GPT, mg/dl | 219 235 | 241 247 | 281 285 | 277 304 | 27.2 264 |157| 031 <0.001  0.72
Ergit‘fgceﬂde* 144 135 | 163 163 | 158 158 | 202 161 | 172 168 |1.04| 027 0017  0.70
%%?Stem]’ 996 1118 | 110.6 1000 | 1253 1361 | 137.3 1422 | 140.4 1529 [869| 014 <0.001 0.72
S@%‘fse’ 654 633 | 607 686 | 725 665 | 8L1 771 | 823 79.0 |354| 008 <0.001 0.72
HDL, mg/dl | 658 77.7 | 686 69.0 | 781 885 | 834 920 | 897 947 |378| 0.006 <0.001  0.67
ﬁgiﬁ’ 5265 3938 | 2469 1969 | 2653 2416 | 2551 2539 | 2583 3027 [10.8] 0.7 <0.001  0.03
020159 7€ - 10€ Y &4 Ax (9h d2] 3) (F 3-5D
e Glucose ¥%: RUPT Z4a ZAg (P = 0.08), =7} Yold4=2 wx7F 718 (P <

0.001)

O Z7doA PFolA]+= Glucose &=+

o -1

thermoregulation cost & Z7}, ©l¢] 2=Ed

227} gluconeogenesis ol F+ FA2 G, WERIA acclimation ¥ 2 a1l 9
&) dw=E 4 912 (Abeni et al., 2007).

e HDL #%: RUPF+ =< (P = 0.006): RUPE H7igo=zx duwde AHYdFgEe] &
oy AE FEske ARG A FAadFo] wobdE F Uw

e Albumin, GOT, GPT, Triglyceride, Cholesterol &%: RUPT#+ @& A @k, 7499
A 1092 25 71

e NEFA % 7€E2t 10€] ¥ (P < 0.05);, %7} =& 7€ AR L7
Z7}2 U3t primary energy source?l d% NEFA T=7} Fobd 4 9L

3 3-52. Concentration of blood metabolites of Korean cattle steers fed either control
or RUP-supplemented diet at July to October of 2015 (At& F< 3AIZF ¥)

Items 3h after feeding

Period Jul 10 Aug 7 Sep 3 Oct 1 Oct 30 P value

Diet | CON RUP | CON RUP | CON RUP | CON RUP | CON RUP | °° | Diet Month fnteract
ﬁg/%lm“’ nom  non | non non | 3.35 328 | 3.46 348 | 347 340 | 041 | 048 006 0.74
ng)/g’l non  non | non non | 8L1 694 | 799 766 | 752 67.9 | 604 | 0016 022 051
anZ/Tcil non  non | non non | 27.8 285 | 27.2 297 | 27.5 27.1 | 287 | 0.71 040  0.58
gfiﬂéfgrid mon  non | non non | 165 183 | 175 171 | 176 156 | 214 | 0.88 089 052
?‘3353{“01 non  non | non  non | 1239 1352 | 1327 1440 | 1444 1546 | 9.89 | 0.08 0.04 099
ﬁ@%ﬁ’“’ non non | non  non | 745 724 | 741 685 | 847 849 | 354 | 022 <0.001 052
gg}‘d’l non non non non 78.4 88 81.4 92.5 86.9 95.4 6.78 | 0.008 0.22  0.95
E}:d?’ non  non | non  non | 179.6 177.6 | 1784 1999 | 179.2 2339 | 9.05 | 0.14 042 037

0 2015 7€ - 10€ ¥ B4 A (A& Fo] A ) (3 3-52)

e Glucose 5%: RUP |3 wtx] &3 (P = 0.22). 992t 109 =5 (P < 0.00D
e HDL #%: RUP+ (P = 0.008) =5 : HDL2 == cholesterola} ZA3g}3}e] cholesterol

< HHtE R cholesterol 529 HIszstAl Mt 7ol =
« Cholesterol %: RUPF #£13, &5 %2 9o @& &5 %2 79 peripheral tissue
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ol A lipid ¢ o]&Fo] Holx =& blood cholesterol ¢ ¥%7F Hotd = UL
(Ronchi et al., 1997; 1999) / RUP2] #H7}7} tissuee] mobilisation & TFHAZ o+ Yo
B = cholesterol ¢ %7} wold 4 3l (Hagemeister et al., 1981)

« Albumin, GPT, Triglyceride, NEFAX RUP9] H&& Wz 4gks

3 3-53. Concentrations of VFAs and NH3 of Korean cattle steers fed either control or
RUP-supplemented diet from July to October of 2015 (A}& g<] & 9h fasting)

Items 9h fasting

Period Jul 10 Aug 7 Sep 3 Oct 1 Oct 30 P value

Diet CON RUP | CON RUP | CON RUP | CON RUP | CON RUP Diet Month Interaction

pH 688 7.02 | 674 710 | 6.84 654 | 673 6.86 | 6.64 6.50 0.78 0.65 0.70

NH3, mg/dL| 11.7 127 | 860 8.66 | 11.8 102 | 109 991 | 848 9.08 0.59 0.50 0.77
C2, mM | 673 772 | 663 654 | 58.6 599 | 69.8 60.5 | 69.7 65.3 0.39 0.32 0.82
C3, mM | 257 272 | 193 154 | 172 222 | 192 187 | 269 204 0.62 0.54 0.73

Iso C4, mM| 052 0.64 | 053 051 | 066 0.87 | 067 0.72 | 0.67 0.70 0.60 0.90 0.72
C4, mM 155 119 | 119 108 | 121 119 | 131 120 | 105 114 0.55 0.46 0.64

Iso C5, mM| 080 0.89 | 1.21 082 | 099 084 | 0.76 0.65 | 0.84 1.09 0.29 0.44 0.37
C5, mM | 154 122 | 107 160 | 114 095 | 117 144 | 1.06 117 0.60 0.81 0.45

C2/C3 ratio| 262 2.84 | 344 425 | 341 270 | 364 324 | 259 320 0.54 0.04 0.48
Total VFA | 186 198 | 167 158 | 151 161 | 175 157 | 183 16.7 0.84 0.57 0.64

20151 74 - 10¥ A 24 A3 (A= Fo] 3ARE F) (F 3-53)
 RUPH7} 3= yehA gFskon}, C2/C3 ratior}t 8€o =3k=.

3 3-54. Concentration of immune cell populations of Korean cattle steers fed either
control or RUP-supplemented diet.

Items Immune cell populations

Period Jul 10 Aug 7 Sep 3 Oct 1 Oct 30 P value

Diet CON RUP | CON RUP | CON RUP | CON RUP | CON RUP | SE | Diet Month Mteractio
mo“‘j/fyte* 46.20 45.64 | 3520 35.26 | 37.37 34.28 | 44.75 41.74 | 50.66 51.29 |2.72| 046  0.004  0.89

O 001 737 | 847 672 | 1257 1196 | 907 1002| 753 778 [0.97| 020 097 0049

CPUNN 1198 1062 | 1507 1588 | 1705 19.42 | 2038 2265 | 1233 1328 |213) 052 0069 051

D4 7 celll 9585 2581|1971 27.2 | 1839 2110 | 2610 2440 | 3206 26.61 |264| 068 013 009

C{?‘t’;{?ﬁ* 1863 1522 | 17.20 17.00 | 1951 20.24 | 1839 2169 | 1822 19.36 [1.66| 0.83  0.086  0.094

CD8 2 <1500 1471|1203 1335 | 1285 1123 | 1274 1062 | 1453 1357 |113| 033 031 037

Granﬂéocyte 171 107 | 099 100 | 093 073 | 110 082 | 150 143 [0.26| 015 084 047
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lymphocyte ‘ ‘ ‘ ‘ ‘ |
ratio

0 2015 7€ - 10€ € &4 A (HY Al=E) (9h A2 F) (& 3-54)
e monocyte Bl &0 257} =2 ol Wk (P=0.004)
e Granulocyte to lymphocyte ratio (RE#HAE Wk W FolxE WHIYAH) =

RUP A elell os) st ergks.

4,

(P 2015 o5 a1 2EdH 2 A3 RUP H7F Al A S

O 49 54

|

>

k

2w

N

oft

oX,
)

it
=
=
k) 18
OE O[O

—ex 2] JFsd YA 2N BE
O 48 4

- TATE - FSAASL8NEH, 231.1kg) 65F

AT 27FHA] YA A8 tiE+, RUP (Rumen Undegradable Protein) % 7F+*
(F 3-24%} 59)

O A% 7o 2 99
> BFAR Fo ¥
- Y obH AR 9 FFAE Y ZHs] HAY 2
- WxF A% 8 RUP H7} 055%) F 714 s AHS
- Felge AAE AT 15%74H AFL Lelste] Fol: vl 3-4kg AE T
> FALR

- Tall-fescue hay ¢ (52 1.5%, °F 4kg)

=z

> EFE A oF 9 A E AT 14

> dYANEAHAF  FFAE 2 FAE HHATF A
> AFZA - 7} period (27 2 AA2ET) AXY 2 TEY AF 54
> dA(da & 0h 2 AR Fo 3A7F 3 ; 3h 2F)

> E AZE AFH 9 BAH (AEASHE; Total fecal collection: ¥ Ad 3¥U7F (d5 -

> Immune cell populations
> Ages B BFS
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Od+ 2% 2 u&

3 3-55. Mean, maximum, and minimum values of ambient temperatures, climate
temperatures, relative humidity and THI' in metabolic cage.

Items High-temperature(P1)! Normal(P2)? SE p
Ambient temperature, C
Mean 25.4 19.2 0.79 <0.001
Maximum 34.4 19.6 1.80 <0.001
Minimum 20.8 18.7 0.29 <0.001
Ambient THP
Mean 75.9 66.5 1.19 <0.001
Maximum 86.0 67.0 2.32 <0.001
Minimum 69.7 65.9 0.53 <0.001
' August 7 - 14 (8 days)
* August 17 24 8 days). 9% 843t £¥7] 7h5ste] HueEe AASHAL.

3 Temperature-humidity index

0 20159 & oA 23 % A& (3 3-5))
o LT FHI 7] 34.4TC Zé*&%_‘i? (25.4C)Eot =3k (p < 0.00D
o T2 HI THL 8622 AHANLETF 76 B} =39S (p < 0.00D)
e 2 Z49°] moderate heat stress (80 89) ol &3t

1_.

3 3-56. Growth performance, rectal temperature and respiration rateof Korean cattle
steers fed either control or RUP-supplemented diet at metabolic cage.

Normal! High-temperature? SE P

Control RUP Control RUP Diet T:tﬁ)eer I:ttiirna
Age, month 12.2 11.6 12.6 11.9
Initial body weight® , kg 231.3 230.0 240.3 240.3
Body weight® , kg 243.3 246.3 243.3 246.3 3.26 0.82 0.57 0.82
Feed intake® , kg: DM base
Total feed intake, kg/d 6.34 6.61 5.88 6.20 0.21 0.48 0.34 0.95
Concentrate intake, kg/d 3.64 3.64 3.47 3.55 0.05 0.58 0.02 0.38
Forage intake, kg/d 2.70 2.37 241 2.80 0.18 0.50 0.64 0.80
Average daily gain, kg/d 0.87 1.01 0.86 0.86 0.16 0.78 0.78 0.81
Feed efficiency(G:F) 0.149 0.161 0.0190 0.0184 0.02 0.87 0.003 0.86
Rectal temprature 38.93 39.06 39.65 39.62 0.50 0.35 0.004 0.35
Respiration rate 49.0 44.3 73.3 82.3 0.94 0.56 <0.001 0.64
Digestibility, %
DM 67.1 60.6 71.8 61.9 2.35 008 0.51 0.71
Fat 51.1 41.2 52.1 37.3 4.27 0.21 0.87 0.79
ADF 39.5 38.2 40.5 26.1 4.08 0.38 0.52 0.45
NDF 52.3 42.4 66.0 51.7 4.08 0.13 0.11 0.75

Experiment period was 8 days from August 7 to 14
’Experiment period was 8 days from August 17 to 24.
Body weight was recorded at August 7, 17, and 24, respectively.
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0 20151 o5 Ak A9 A3 (& 3-56)
« A% FAF 2L AR &8 Diete] TS wA dgton, 12FoM AREEO] U
%= (P = 0.003)
C ETAR AT ALTAA RS P = 0.02)
* DM &3h&o] RUP A2l7oA w2 AdFs He (P=0.0098)

% 3-57. Concentration of blood metabolites of Korean cattle steers fed either control

or RUP-supplemented diet at metabolic cage (9AIZF A2 & AlE Fof A).

Items 9h fasting

Period Normal day 1 Normal day 8 Hot day 1 Hot day 8 P value

Diet CON RUP | CON RUP | CON RUP | CON RUP | SE | Diet | cmperlnteract
Albumin, mg/dl| 357 337 | 357 337 | 297 310 | 343 337 | 030 | 092 008 0.3
GOT, TU/dl 673 703 | 673 650 | 647 597 | 737 677 | 744 | 042 057  0.74
GPT, 1/l 280 240 | 280 243 | 200 223 | 237 233 | 367 | 064 029 04
;rgijo’é{ceridev 207 183 | 207 193 | 183 233 | 213 167 | 314 | 0.83 092  0.61
ngéf“eml’ 1093 1147 | 1093 1253 | 997 1143 | 1197 1313 | 108 | 0.14 055 0.9
Glucose, mg/dl | 830 783 | 80 743 | 700 727 | 827 787 | 504 | 0829 006 073
HDL, mg/dl 770 780 | 770 8.7 | 703 790 | 83 893 | 7.78 | 0.17 045 09
NEFA, mg/dl | 3461 3302 | 3461 3422 | 237.1 2835 | 2781 3015 | 129 | 038 049  0.89

0 2015 o1& WA AF A B4 Ay 9AZF A2 (& 3-57)
» Albumin, glucose= RUP9| @FS A FUARE 5o wie} WH3lste FdFS A
om (P =0.08, 0.06) =2oA 1 L%
* Glucose 3=+ B9 2Ed 2 A A FARE Fek 12T oA 23
S

o Albuming TLEZNA Fe AL HYL 1L ZANA WME IEH G HjEE
heat-induced dehydrationo] WAg 4= lom o] Z<ldte] plasma AHFERe] B3|
z#HE4 JdEd =S THI 2744 ¥ Albumin 355 3% A4EUYE #A5]
9% Axg B 4 ¢S (Cunningham and Klein, 2007). T ¢ ~E# 2~ A 233
AR 73

3% 3-58. Concentration of blood metabolites of Korean cattle steers fed either control
or RUP-supplemented diet at metabolic cage (Al& Fof 3AIF ).

Items 3h after feeding

Period Normal day 1 Normal day 8 Hot day 1 Hot day 8 P value

Diet CON RUP | CON RUP | CON RUP | CON RUP | | Diet Temper Interact
Albumin, mg/dl| non non 3.37 3.47 3.03 3.27 3.10 3.37 | 021 | 0.03 0.053 0.68
GOT, IU/dl non non 72.7 67.7 67.7 66.0 66.3 64.3 | 694 | 068 0.81 0.98
GPT, U/dl non non 21.3 25.3 20.3 24.3 20.7 22.3 | 3.07 | 0.04 0.63 0.72
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Triglyceride,

e non  non | 180 197 | 183 233 | 127 163 | 194 | 029 027 0.88
ng(}f“emlv non  non | 1107 1260 | 99.0 1247 | 1050 1250 | 849 | 0.02 0.84 0.86
Glucose, mg/dl| non  non | 87.7 773 | 750 790 | 787 810 | 754 | 0.73 053 027
HDL, mg/dl non  non | 79.0 877 | 7.0 863 | 730 850 |578 |0.014 069 0.81
NEFA, mg/d | non  non | 266.1 332.9 | 2534 3036 | 2161 2646 | 9.95 | 0.14 041 097
2015 oE tiA A @l A Ay (KB Fo] A ) (& 3-58)

e AtE Fo % (3h) GPT, Cholesterol, HDL %+ 259 43S ubz] ¢rqloir} RUP

A7 A wrel Mmskstg o (P < 0.05), RUP A7FFolA] =ol%2.
e NEFA, Glucosex= RUP % &%9o] H3FS ubz] ¢kgre
e Albumin ¥+ RUP ¥ €¥ 2 %o ¢

FolA mobiE. A% @A RUPS o
A e e BYsl veng,

3 3-59. Concentration of VFAs and NH3 of Korean cattle steers fed either control or

RUP-supplemented diet at metabolic cage (9AIZF A2 Z Alg Fof #).

Items 9h fasting

Period Normal day 1 Normal day 8 Hot day 1 Hot day 8 P value

Diet CON RUP | CON RUP | CON RUP | CON RUP | SE | Diet cmperalnteracti

pH 704 681 | 654 6.67 | 684 651 | 657 6.63 |[0.64| 054 087 0.66

NH3, mg/dL | 10.5 12.4 9.50 10.7 11.6 9.85 8.51 10.1 | 050 | 0.65 0.94 0.54
C2, mM 67.3 75.6 66.7 69.4 98.6 69.9 79.2 885 | 308| 085 0.03 0.61
€3, mM 20.7 17.7 15.8 19.2 19.8 20.2 22.4 177 | 115 | 021 032 051

Iso C4, mM | 0.42 0.74 0.63 0.41 0.46 0.87 0.60 072 | 009 064 0.80 0.58
C4, mM 135 12.0 14.1 12.8 14.1 12.9 13.6 102 | 085 | 014 041  0.30
Iso C5, mM | 0.82 0.79 1.01 0.72 0.76 0.70 0.65 096 | 008| 014 054 064
C5, mM 1.34 1.29 117 157 1.24 1.50 1.37 134 | 012] 059 074 0.65
C2/C3 ratio | 3.25 4.27 4.22 3.61 4.98 3.46 3.54 500 | 039 0.87 0.02 0.37
Total VFA 17.3 18.0 16.6 17.4 22.5 17.7 19.6 199 | 159 | 054 0.006 0.15

2015 A5 dAF AF A B4 A7 OAIzE A4 (F 3-59)

o TN C2%= H total vfa F%, C2/C3 ratio”} E%e. ole W59 Ul & A
AFo] o5 dF VFA FE27F Eok8 S 7FsAol AS. o] AF=E wF9
o] t9 2E#H 29 FFe WUty FAHE + d5. RUP 23 YephA] &
.

3# 3-60. Concentration of immune cell populations of Korean cattle steers fed either

control or RUP-supplemented diet.

Items immune cell populations

Period Hot day 1 Hot day 8 Normal d 8 | Normal d 8 P value

Diet CON RUP | CON RUP | CON RUP | CON RUP SE Diet Month Interaction
monocyte, % | 42.23 41.87 | 39.63 39.17 | 52.50 51.90 | 51.70 48.03 1.60 0.64 0.01 0.96
CD14+MHCII+, | 12.33 10.33 | 8.80 10.98 | 10.09 10.40 | 8.80  7.89 0.50 0.91 0.25 0.52
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%
CDM'%HCH"* 1332 1877 | 1685 13.95 | 1149 17.23 | 1213 1840 | 144 0.26 0.98 0.70
CDA T cell, %| 1420 2117 | 2320 15.89 | 28.33 30.10 | 29.23 2753 | 183 098 0050 049
CD%;FZ(Z*T 1573 2523 | 17.60 13.03 | 2057 20.30 | 1827 1867 | 152 0.70 0.64 0.49
CD8 T cell, %| 1076 977 | 12.63 1105 | 1145 1273 | 11.26 10.83 | 0.72 0.79 0.86 0.93
Granulocyte to

lymphocyte | 0.94 081 | 095 083 | 138 120 | 117 106 | 0.08 0.41 0.22 0.99

ratio

0 2015 A& tiAF A3 N B4 A3 (WY Alx) QA3 Z2) (E 3-60)
e monocyte HIEo] L%V} & FrhoA ke (P=0.0D). ) A AAF FAS A
7},
 CD4 T cell®] vl&o] 257} &8 FFollA HE3k=. (P=0.05)

e Granulycyte to lymphocyte ratio & WH3}A] ke

(3) 2016d & 1 ~EF 2~ A7 glycerol D FEA H7F Ak 2L giAl 2

(7P 2016 o5 11 2E#H 2 A3 glycerol A7F Abm AFY A9 (20161 7€-94: o
571 34)

- @S AMS e 2EHE ARG A% FUAE Fo AR G AT
- ZEAE Aol B PP A% R Aejehy A% QM AT
- 201Y ZEAE A AF Mg FYAE FFS B0 4% s 2YAE

A7t Ao SEAS W 1o 2Ed 0] WA WsHEA Lobns] skl 4

=

F-AAS- 125% (B 235 7€, 466.9 kg)

Fa AT dE2T, FERAE A7HC4% A7 & 3-50
o 3l dd AT S48 99

o g3 e =3

ol 47l 27 NBAE A4 AR F ATF

8 Aol 1L.5%7HA AF<S sty F4

AFe AsHol7l A4 AFE e 7154

A4
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0> e ol (i o
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3 3-61. Ingredient of concentrate diet and composition of experimental diets for
Korean cattle steers during 10 ~ 15 months of age at July to September, 2016.

Ingredients oz Al
e R 3.99 5.52
A 15.22 17.84
e 2.14 1.56
A v 7 10 15
H Ao 5 5
Eages 0.38 0.36
{4 0.34 0.35
! 3.8 0.8
A3 AEF 0.5 0.5
ek 12.31 2
CMS 0.8 0.8
at 1.93 4.97
DDGS 10.7 10.7
=2 A H(80%) 0.00 3.00
o}n}g 0.01 0.01
o} 73] 7.17 7.23
T o 23 21.4
3] 4 2.46 2.71
718 mulg g2 0.02 0.02
&3 FolA 0.05 0.05
v g Zge ] 0.18 0.18
A 100 100
>>PROTEIN % 17.97 18
>O>FAT % 5.03 5.29
>>ASH % 8.51 8.36
>>NDF % 29.71 26
{NFC % 28.61 32.2
<RUP % 5.81 5.81
TDN % 71.15 74.65
Chemical composition of concentrate, % DM =7 Alg T
Moisture 10.36 9.88
EE 7.35 8.38
CP 15.52 16.30
Ash 5.90 5.99

- 347 -




NDF 26.54 25.35

ADF 36.23 35.19
Ca 0.86 0.89
P 0.46 0.52
Chemical composition of forage hay, % DM

Moisture 21.81

EE 6.48

CP 0.12

Ash 10.96

NDF 41.56

ADF 69.84

Ca 0.27

P 0.07

Provided following nutrients per kg of additive (Grobic-DC, Bayer Health Care,
Leverkusen, Germany): Vit. A, 2,650,000 IU; Vit. D3 530,000 IU; VitE 1,050 IU;
Niacin 10,000 mg; Mn 4,400 mg Zn 4,400 mg Fe 13,200 mg; Cu 2,200 mg; I
440mg; Co440 mg.

3 3-62. Ambient temperatures, relative humidity and temperature-humidity index (THI)
in July to September, 2016.

Items July? August® September® SE P
Temperature("C)
Mean 25.23 27.51 20.50 0.45 <0.001
Maximum 41.19 43.75 33.71 0.71 <0.001
Minimum 16.39 13.69 7.55 0.39 <0.001
Relative humidity (%)
Mean 76.05 67.83 75.97 0.86 <0.001
Maximum 96.89 92.49 95.32 0.46 <0.001
Minimum 27.61 24.75 31.35 1.57 <0.001
THI
mean 73.87 76.10 66.75 0.62 <0.001
Maximum 88.52 90.52 83.09 0.71 <0.001
151 July - 2" August (4 weeks).

22™ August - 30™ August (4 weeks).
330" August - 26™ September (4 weeks).

2016d 7€ - 9¢¥ 71& A7 (& 3-62)
e 7,8¥ Ha ¥ HHF THL 9€9RY =5
e 7 ~ 8% THI: moderate heat stress AEjoll 43+ (Zimbelman et al.,, 2009).

3* 3-63. Growth performance, respiration rate, and rectal temperatures of Korean
cattle steers fed either a control or glycerol-supplemented diet from July to
September, 2016
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July? August? September® P-value

Control | Glycerol | Control | Glycerol | Control | Glycerol *F Diet  Month Interacti

Initial body weight, kg 466.8 467.0  480.5 487.5 495.3 505.7  12.6

Body weight, kg 480.5 487.5 495.3 505.7 511.0 528.5 134

Feed intake, kg (DM base)

Total feed intake, kg/d 7.86 7.93 8.17 8.32 8.17 8.35 0.17 0.71 0.41 0.89
Concentrate intake, kg/d 6.37 6.44 6.67 6.82 6.67 6.85 0.17 0.71 0.42 0.895
Forage intake, kg/d 1.49 1.49 1.50 1.50 1.50 150  0.0015 0.51 0.003 0.79
Average daily gain, kg/d 0.49 0.73 0.53 0.65 0.56 081  0.052 0.056 0.55 0.96
Feed efficiency(G:F) 0.056 0.09 0.066 0.08 0.066 0.099  0.006 0.03 0.53 0.99
Respiratory rate, /min’ 62.2 56.8 64.0 60.3 48.2 48.2 184 036 0004 0.79
Rectal temperature, C° 38.5 38.3 38.8 38.1 39.1 37.8 0.14 0.017  0.993 0.27

N=12, 5" July - 2™ August (4 weeks). 2" August - 30™ August (4 weeks). °30™ August
- 26" September (4 weeks). ¢ Breathing and rectal temperature were measured before
heating. ° Respiratory rate and rectal temperature were measured at hotter time (PM 2)

0 20161 7€ - 9€¥ AF H¥ A (& 3-63)

e 2% &3} growth performance, HHHF © FF2%T Zo] gl TFE 4o

e Glycerol &3} ADG 7|4, Als 88 /A, A= 4, 38F 89 gl
3% 3-64. Concentration of blood metabolites of Korean cattle steers fed either control
or glycerol-supplemented diet (before feeding; Oh)

51 July 2" August 30™ August 26™ September P
SEM ;
[t t
Control | Glycerol | Control | Glycerol | Control | Glycerol | Control | Glycerol Diet | Month nernac 9
Albumin,
mg/d 4.67 3.64 4.62 4.58 4.47 4.83 3.68 4.67 0.16 0.83 0.98 0.11

GOT, 1U/dl 69.3 77.0 62.3 68.4 62.5 80.5 62.7 75.7 255 0023 0.79 0.25

GPT, IU/dl 24.7 24.8 22.7 20.8 21.2 23.0 19.2 20.0 0.74 0.88 0.14 0.48

Trr;gglﬁe“de 2383 1980  27.83 2300 2350 2325 2850 248 098 015 042 057
ng;ﬁ“er(ﬂ’ 1623 1708 1653 1782 1870  206.8 1957 2158 6.93  0.004 <0.001 0.15
Clucose, 840 804 787 760 797 85 815 847 116 073 017 011
mg/dl
HDL, mg/dl 947 1112 873 1018 962 1243 9833 1170 442 0007 0057  0.39
calcium, 832 800 832 784 800 883 78 83 012 051 060 0037
mEq/dl
phosphate,

972 884 765 908 932 875 872 93 022 082 075 087
mEq/dl
NEFA, 1221 1728 800 593 779 838 755 895 128 070 042 094
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mg/dl

0 20161 7€ - 9¥ A AF Y 4 A} (KME g9 A, 0h) (F 3-64)
e 2% 8% GPTE Z2A7]el © %3k, cholesterole A-2A 7o O W3k
- heat stress 7} ZFe] cell membrane ¢ damageE Fo]A GPTe} 22 enzymeo] ¢JF
&2 4oz 4 e (Altland and highman. 1961). =3+ Ztoll A glucoseE © ®o| A
Asl7] 93 59 Usko 2 cell damage’t o AR F AL
e Glycerol &3} GOT, cholesterol, HDL2 glycerol A& FolA o =k

% 3-65. Concentration of blood metabolites of Korean cattle steers fed either control
or glycerol-supplemented diet (after 3h feeding)

51 July 2" August 30" August 26™ September P
SEM
Control | Glycerol | Control | Glycerol | Control | Glycerol | Control | Glycerol Diet | Month

Interactio
n
Albumin, mg/dl  4.67 3.64 4.62 4.58 4.47 4.83 3.68 467 016 083 0.98 0.11

GOT, 1U/dI 69.3 770 623 684 625 805 627 757 2550023 079  0.25
GPT, 1U/dI 247 248 227 208 212 230 192 200 074 088 014 048
E;fgceride’ 238 198 278 230 235 233 2850 248 098 015 042 057
ngdlle“eml’ 1623 1708 1653 1782 1870 2068 1957 2158 693 0.004 <0.001  0.15

Glucose, mg/dl  84.0 80.4 78.7 76.0 79.7 85.5 81.5 847 116 0.73  0.17 0.11

HDL, mg/dl 947 1112 873 1018 962 1243 983 1170 442 0.007 0057  0.39
calcium, 832 800 832 784 800 883 783 828 012 051 060 0037
mEq/dl
phosphate, 972 884 765 908 932 875 872 928 022 082 0.5 0.87
mEq/dl

NEFA, mg/dl 122.1 172.8 80.0 59.3 77.9 83.8 75.5 89.5 128 070 0.42 0.94

0 20161 7€ - 99 A AF Y £ A (after 3h feeding) (E 3-65)
e 2% 3} Cholesterole L&A 7|0 T ke
- Ronchi et al. (1995 o 93l ¢l 2=E#H2x A3oA ZF7lsk= cortisol 9|
cholesterol®] catabolisme %%
e Glycerol &3} GOT, cholesterol, HDL-& glycerol 8] 7oA © &k
3% 3-66. Concentration of VFAs and NH3 in rumen fluid of Korean cattle steers fed
either control or glycerol-supplemented diet (after 3h feeding)

51 July 2" August 30™ August 26™ September P-value
Control | Glycerol | Control | Glycerol | Control | Glycerol | Control | Glycerol Diet Temp 21:;;(
pH 6.21 6.40 6.50 6.78 6.34 6.28 6.61 6.54 0.25 0.54 0.74
C2, mM 57.2 45.9 69.6 66.9 86.3 63.5 69.1 73.8 0.06 <0.001 0.42
C3, mM 14.3 13.0 16.9 20.3 234 21.0 16.8 25.9 0.11 <0.001 0.06
Iso-C4, mM  0.82 1.07 1.09 1.17 1.03 0.90 0.96 1.16 0.10 0.50 0.66
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C4, mM 11.7 11.7 16.9 18.0 20.0 16.3 19.2 23.1 0.65 <0.001 0.48

Iso-C5 mM  0.99 1.61 1.41 1.54 1.19 1.12 1.15 2.09 0.004 0.21 0.45
C5, mM 0.94 121 1.57 1.98 172 1.63 1.55 241 0.007 <0.001 0.28
C2/C3 ratio 4.21 3.81 4.14 3.47 3.78 3.09 4.26 2.88 <0.001 0.051 0.12
Total VFA 86.0 74.5 107.4 109.8 133.6 104.4 108.7 128.4 0.55 <0.001 0.25
NH3, mg/dl 6.29 8.82 11.8 10.8 8.85 4.64 6.81 7.20 0.73 0.067 0.36

2016 7€ - 9¢¥ AMF AE A9 #4 A3 (after 3h feeding) (3£ 3-66)
e 2% 37 Total VFAE 2571 Rolda5s =olxlon, 247t VFA (C2, C3, C4, C5)
TS 257 vold 5 &V Folf. AFA dRYol TRV 2 A

* Glycerol &3} iso C5, C5¢] ¥%=7F &gtow, C2/C3 ratioZ} wobxl.

(h 20161 o5 e 2E#H 2 A7 AR A A9 (20169 7€-8Y: &AL ET
2704)
O 43 &3
* e AMS L 2E#H 2 AGASE AT AT
koA 2 2E# 2 tE FFATH Ax, 2EH 2 AR 9 WY ®Eg A
B
-8 AlREE 5 Y - mgetH Wil 54
-2YAIE A7l o7k IS A% A a3 7
-2 2EY 2 A% 9 |1y whg A E N 2 B4
-APEAAFAGE WD &Y 79

>
o
oL
L

- ZABE  H9AAS 6% (BF 235 1LY, 4782 ky)
F AT 2k Gk Al dET vs FUAE AT 24%)
F AT, BET A7 AGAYT IS FFAE AS (E 3503 YD)
S AR Bl R 9 AHF 24w
> AR Fol % 4T 3
- WY obY 2AE D BFAT WY SYS] HAF 53

- =T AR 2 SYAE AU Q4% F THA AR AR
- FAHgL AAE AFY 15%7HA AFS nEdtd Fof; g 7-8kg AE F
> ZAR

- Rice-straw ¥4 (¥ 1.5kg)

o

Lo

ZAEE 9 AE AFH
> RFE A R R A Y E 1A 3HE
> dAUABEAAFHTEF  FIAE 2 AR HdFH

=7
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3* 3-67. Mean, maximum, and minimum values of ambient temperatures, climate

temperatures, relative humidity and THI at metabolic cage

Items Normal Period! High-temperature? SE P
Temperature(‘C)

Mean 20.9 304 0.78 <0.001
Maximum 25.5 36.0 1.06 <0.001
Minimum 18.1 24.2 0.61 <0.001
Relative humidity

(%)

Mean 72.3 71.8 0.69 0.69
Maximum 84.0 87.9 0.75 0.076
Minimum 53.3 55.9 0.89 0.0017
THI

Mean 67.7 81.9 1.17 <0.001
Maximum 73.6 88.2 1.47 <0.001
Minimum 63.8 71.3 1.15 <0.001

127th July - 18nd August (21 days).
?1th August - 19th August (19 days).

0 20169 A& At A3 =& A5 (F 3-67)
o T&F9 THI= moderate ~ severe heat stress condition ¢ a3 (Collier et al.,
2012)
3-68. Growth performance, respiration rate, digestibility and rectal temperatures of
Korean cattle steers fed either a control or glycerol-supplemented diet at metabolic
cage

N
at

\ H 1 g h
Normal \ P
temperature SE
Int

Control Glycerol Control Glycerol Diet Temp rc]t:)f
Initial body weight® , kg 481.7 475.3 504.0 505.0 6.66
Body weight® , kg 498.7 495.7 512.0 510.0 5.98
Feed intake’ , kg
Total feed intake, kg/d 8.06 7.22 6.99 6.19 0.28 0.24 0.004 0.67
Concentrate intake, kg/d 6.88 5.77 6.1 4.87 0.35 0.15 0.017 0.43
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e &< MIAA B+

or glycerol-supplemented diet (before feeding)

Forage intake, kg/d 118 1.45 0.89 1.31 0.102 0043  0.002 0.043
Concentrate intake, % 95.0 80.8 80.8 63.9 3.75 0.005  0.005 0.75
Forage intake, % 78.7 96.6 59.5 87.5 5.50 0.03 0.13 0.57
Average daily gain, kg/d 0.81 0.97 0.38 0.24 0.16 0.62 0.066 0.896
Feed efficiency(G:F) 0.101 0.133 0.057 0.033 0.023 0.66 0.16 0.73
respiratory rate, /min (Oh)® 43.0 45.0 65.3 67.7 3.98 0.67 0.0016 0.97
respiratory rate, /min (6h)! 33.0 36.3 76.0 80.3 7.45 0.65 <0.001 0.95
rectal temperature, C (0h)? 38.4 384 38.6 38.6 0.066 0.72 0.14 0.903
Rectal temperature, C (6h)* 38.7 38.7 38.9 38.7 0.105 0.74 0.64 0.74
Digestibility, %
DM 60.1 63.5 64.8 62.3 1.98 0.55 0.50 0.94
EE 55.4 50.8 47.4 51.8 2.54 0.87 0.15 0.56
NDF 65.1 64.9 66.5 64.1 2.87 0.74 0.89 0.52
ADF 36.9 39.0 32.7 33.6 1.24 0.13 0.06 0.26
n=3
127th July - 18nd August (21 days).
?1th August - 19th August (19 days).
3 Breathing and rectal temperature Before feeding
4 Respiratory and rectal temperature After feeding,
Measurement after 6 hours of high temperature exposure
0 20161 o & A 29 23 (3 3-68)
e Glycerol * Temperature interaction: ZAFE A& #Foll A eSS
e 25 33 AR AIFH o] Ao, d SAFol Hidte AFS B EEFVL
71592, ADF &381890] Ao Tastes A 12 FHNA v o] &
o] =AAY, ADF &8l v glor ZHAage 7HsAdol A+
o Glycerol &3 AR AFH o] S7FetR oy, dESAE, AsEE, AR, £5F

3% 3-69. Concentration of blood metabolites of Korean cattle steers fed either control

6.97 76. 718 8.1 8.11. 8.19.
Normal period | Normal period | Normal period High High High P
temperature temperature temperature |SEM

Control|Glycerol|Control |Glycerol| Control | Glycerol | Control |Glycerol| Control |Glycerol | Control | Glycerol Diet | Date Imif)rrfc
ATbumin,
mg/(;llmm 463 483 463 500 457 500 457 333 453 443 427 500 0.3 0.83 047 0.95
GOT, IU/dl 70.3 67.7 69.0 727 687 750 687 977 80.7 633 593 81.0 2.890.302 0.75 0.54
GPT, IU/dl 22.7 243 23.3 26.0 227 250 213 27.3 220 213 183  23.0 0.69 0.024 0.057 0.68
zni;;:delnd 200 267 217 283 237 300 237 283 183 293 230 320 1.24<0.001 0.8 0.33
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Cholestero

&F

D403 1553 1503 1657 1603 1497 1620 1493 1290 1523 1560 1527 287 0.53 084 056
;;?diose, 740 7.3 623 623 677 703 737 69.0 720 757 450 433 313 095 0.14 0.95
I:lglgl Lo 963 1060 1020 1133 1110 980 747 980 770 1020 963 1003 3.37 0.15 022 0.72
;i:lqi(iﬂum, 813 843 813 857 833 880 853 853 7.53 760 737 847 013 013 012 0.63
;lg’:fd?ate’ 880 813 877 837 850 857 767 807 870 810 870 750 012 012 0.24 0.5
i;df A ogo6 2584 2000 2208 2453 2557 3177 2661 2953 287.6 1746 1965 12.45 0.83 0.63 0.87
0 20161 o5 A 243 d &4 A3 (before feeding, Oh) (& 3-69)

e &% JF: GPTE n&TFoA o 2Egoew (P.05), glycerol H7FFolA Holx= 7

&S BY((P=0.057): thEE E=Fo|Ax GPTE 1) EofF.
e Glycerol &} Triglyceridex= glycerol H7FFolA =38 (P0.001), GPTE we 7

3% 3-70. Concentration of blood metabolites of Korean cattle steers fed either control
or glycerol-supplemented diet (after 3h feeding)

oA WA= =

S 2 =
i = I O

o] FFo=E 4wV Bol E heAol AUE
Glycerol &¥:Albumin, GOT, GPT, triglyceride, cholesterol, HDL-2 glycerol 37}l
o8 FEIF EohH S

Normseilzgeriod Norm;i%en'od Norm;ilieriod I?héh %llgi I%hlg% P
temperature | temperature | temperature SEM
Control|Glycerol Control|Glycerol Control|Glycerol Control|Glycerol Control|Glycerol Control|Glycerol Diet |Date IIc]tti% 1;1

ﬁg’;;lmm‘ 487 497 460 470 433 513 450 490 443 460 457 487 007 0.02 024 0.73

GOT, U/l 760 717 677 677 667 820 690 10L0 663 813 620 840 315 0.02 061 007

GPT, U/ 267 253 223 250 217 263 207 27.0 200 233 193 220 0.8 0.007 0.005 0.21

;g%lyceride’ 200 257 220 320 190 273 180 263 213 297 263 283 130 0.002 0.32 0.49

S;%lle“em]’ 1437 1577 1497 1510 1527 1470 1540 144.0 1607 129.3 1767 1347 3.540.0014 0.76 <0.00

Glucose, mg/dl 89.7 840 850 763 837 660 77.0 797 680 650 737 67.0 242 0.06 0.004 0.62

HDL, mg/d 980 1063 987 1040 1030 963 993 930 997 860 109.7 87.7 2.03 0.01 0.03 <0.00

I?gfg 8.87 863 790 820 767 900 803 873 7.90 793 803 833 013 012 0.22 0.79

i‘gj%me‘ 853 800 827 790 827 810 720 810 850 843 873 7.87 012 051 0.78 095

NEFA, mg/dl 2768 1227 167.4 7893 130.1 1072 1319 1628 1453 1451 895 1342 145 014 0.2 0.01]

0 20161 A& TiAF AF A B4 AR (after 3h feeding) (3 3-70)

o 2% *glycerol interaction: Cholesterol, HDL, NEFA o4 Ueld. ©]= cholesterol,
HDL, NEFA 7} 2%} glycerol®] 3o 3] @< treatment o 9|3+ &3} =4
v ¢ JdoeE AS 9uEh

e 2% &3k GPT, glucose, HDLL 2ol A © w3ka. Glucoses U9 2Ed# 2 43
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either control or glycerol-supplemented diet (before feeding)

3% 3-71. Concentration of VFAs and NH3 in rumen fluid of Korean cattle steers fed

Normal® High temperature® P-value
SEM Te Inte
Control Glycerol Control Glycerol Diet ract
mp .
ion
pH 7.05 7.12 6.84 7.15 0.56 0.84 0.57 0.95
NHSJ, 10.7 8.12 12.8 10.9 0.68 0.62 0.66 0.90
mg/dl
C2, mM 40.1 44.2 331 40.2 1.61 0.07 0.08 0.62
C3, mM 7.61 8.36 8.58 7.30 0.40 0.74 0.95 0.21
insl\z -C4, 0.86 1.50 0.98 0.92 0.15 0.33 0.44 0.24
C4, mM 10.6 9.31 8.45 8.57 0.49 0.55 0.15 0.48
1s0-C5. ) 1.34 1.56 139 0.06 0.87 0.09 0.20
mM
C5, mM 0.76 0.67 1.02 0.72 0.06 0.13 0.22 0.40
¢ 2 res 5.41 5.52 4.09 6.04 0.25 0.04 0.37 0.02
ratio
¢ 3 fcd 0.78 0.93 1.02 0.85 0.04 0.052 0.33 0.86
ratio
Total
VEA 61.1 65.4 53.7 59.1 2.28 0.89 0.13 0.29

0 20161 & A A3 A &4 A3 (before feeding, Oh) (F 3-71)

Interaction : C2/C3 ratio 7} %<} diet®] interaction &3}
<5 33 dHby o2 YA sk
Glycerol &3} C2/C3 ratio7} Sl EFAA =342

either control or glycerol-supplemented diet (after 3h feeding)

= o
£ 28

3% 3-72. Concentration of VFAs and NH3 in rumen fluid of Korean cattle steers fed

Normal® High temperature’ P-value
SEM I i
Control Glycerol Control Glycerol Diet Temp nteornactl
pH
NH3, mg/dl 9.1 12.0 10.7 7.9 0.80 0.03 0.23 0.14
C2, mM 59.8 46.6 50.2 51.4 2.06 0.14 0.54 0.08
C3, mM 18.0 12.2 14.1 12.9 0.92 0.05 0.36 0.19
Iso-C4, mM 0.99 0.99 2.12 0.93 0.21 0.14 0.18 0.14
C4, mM 16.6 12.0 11.3 12.9 0.75 0.32 0.13 0.04
Iso-C5, mM 1.31 1.47 2.11 1.33 0.20 0.44 0.41 0.25
C5, mM 2.07 1.20 1.74 1.46 0.12 0.02 0.87 0.22
C2/C3 ratio 3.45 4.30 3.87 4.24 0.20 0.56 0.65 0.14
C3/C4 ratio 1.19 0.99 1.35 0.98 0.08 0.55 0.61 0.07
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Total VFA 98.8 74.5 81.5 81.0 3.54 0.08 0.42 0.07

A3 o) B A} (after 3h feeding) (F 3-72)
e 2% &b Aukr o= YehA s
e Glycerol &3} C3, C5, ¥EyYo}le] F=7F wolx]. Total VFA 9] =7} wolx= H
3

3* 3-73. Immune cell populations of Korean cattle steers fed either control or
glycerol-supplemented diet (before feeding)

Normal® High temperature® P-value
Control Glycerol Control Glycerol o Diet Temp InteO?Cti
monocyte, % 18.5 19.9 31.0 312 29.1 343 38.6 34.0
CD14+MHCII+, % 1.40 1.92 1.17 1.07 351  6.10 5.38 5.61
CD14-MHCII+, % 8.37 9.10 5.81 4.64 6.24  6.04 6.77 7.09
granulocyte, % 27.0 23.0 174 15.6 122 116 23.0 23.2
lymphocyte, % 41.7 45.2 26.4 25.9 255 338 44.9 444
CD8+ T, % 18.4 19.5 25.2 234 212 234 24.8 24.7
CD25+ of CD8+ T, % 2.40 4.56 2.93 2.46 292 2.89 2.83 2.72
CD4+ T, % 28.7 34.8 314 324 321 398 374 38.7
CD25+ of CD4+ T, % 19.8 19.1 144 12.0 154 152 17.6 17.8

0 2016 A& AL A3 A £4 A7 (B9 M2) (after 3h feeding) (3 3-73)

e U9 2Ed# 2o wat g Y monocyte®} lymphocyte ®l-&-©] Z7}3tar CD8 T A%
o H)g&o] F7IeE . gl osl AME &4 L cellular adaptive immunity7} 2
ABEAS 7ol S a8y HY 2Ef 2o o] WeHo] oFslEo] uHlo]g
2 ol ZAHHAE Fde

(th 2016 & F=4d A7 thab-s A3 (2016'd 949 A27-Ad2=T Ui4)

- 3¢ AAS & 2EdH 2~ ALS 93 Bufferd], FEA/MENT 59 HUA AHA
R e
- 9E Y9 2Ed 2 7|7 sweating 52 dF H3A AHEo] wpUr} A

XE‘ H.I{O

=
FA FetrE AR FEAAES HEAL LR HUtetel Y #A =3

SAA S 65 (B 245 /MLHE, 527.1 kg)
- AFAA!: FEA A (HAY vs FAHED
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S, dAAH = A # (Treatment) =4
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O 23 2 3%

3% 3-74. Ingredient of concentrate diet and composition of experimental diets for
Korean cattle steers at Septemper for mineral supplmentation experiment

Ingredients %
S 3.46
A 23.41
=% 0.90
Ut 2.93
e 0.20
! 2.80
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ER%
vl Gl EpE e e
A

Chemical composition of concentrate, % DM

Moisture
Protein

Fat

Ash

NPN

NDF

NFC

RUP

TDN

ME, Mcal/kg
NEg, Mcal/kg
Ca

P

0.15
0.20
1.50
1.50
25.00
1.45
5.38
18.00
2.49
10.00
0.43
0.20
100

11.9
13.2
34
7.1
0.77
20
45.6
4.7
73.8
2.605
1.227
1.2
0.4

Provided following nutrients per kg of additive (Grobic-DC, Bayer Health Care,
D3 530,000 IU; VitE 1,050 IU;

Leverkusen, Germany): Vit. A, 2,650,000 IU; Vit.
Niacin 10,000 mg; Mn 4,400 mg; Zn 4,400 mg;

440mg; Co440 mg.

Fe 13,200 mg; Cu 2,200 mg; I

3% 3-75. Composition of supplemented mineral for Korean cattle steers at Septemper
for mineral supplmentation experiment

o= A e+
Na % 0.60
Cl % 0.43
K % 1.20
DCAD-S meq/100g 68.84
DCAD+S meq/100g 33.21
DCAD meq/100g 3.32
3* 3-76. Mean, maximum, and minimum values of ambient temperatures, climate
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temperatures, relative humidity and THI of mineral supplementation experiment

Items Normal High
Temperature(C)

Mean 23.45 28.35
Maximum 24.92 34.77
Minimum 22.44 22.57
Relative humidity (%)

Mean 85.96 63.07
Maximum 90.12 73.73
Minimum 80.20 53.42
THI

mean 72.94 77.58
Maximum 75.00 86.22
Minimum 71.30 70.38

0 2016d A% FEH 4 2% AR (X 3-76)
e 112+ THI: moderate~severe heat stress %€l (Collier et al., 2012)

3 3-77. Growth performance, respiration rate, and rectal temperatures of Korean cattle
steers of mineral supplementation experiment

Control Treat SE p

Initial body weight® , kg 525.0 529.3  9.23
Body weight® , kg 532.7 538.7 1178
Feed intake® , kg
Total feed intake, kg/d 5.61 5.55 0.19 0.90
Concentrate intake, kg/d 4.66 4.72 0.23 0.92
Forage intake, kg/d 0.94 0.83 0.051 0.36
Concentrate intake, % 62.95 55.58  0.03 0.36
Forage intake, % 0.13 0.02 3.403 0.03
Average daily gain, kg/d 0.67 0.55 3.32 0.83
Feed efficiency(G:F) 0.076 0.061  0.03 0.83
Initial respiratory rate, /min (Oh) 57.3 47.0 5.55 0.44
Respiratory rate, /min (6h) 50.3 44.3 4.99 0.62
Initial rectal temperature, C (Oh) 38.9 38.7 0.10 0.30
Rectal temperature, C (6h) 38.9 38.5 0.19 0.40
n=3

0 2016 <

3% 3-78. Concentration of blood metabolites of Korean cattle steers of mineral
supplementation experiment (before feeding)

09.05. AgL2= 09.12. & 9.19. 11& SEM P
Control | Treat | Control ‘ Treat | Control | Treat Diet ‘Date ‘ Interaction

Albumin, mg/dl 4.83 4.63 4.87 4.57 4.57 3.00 0.29 0.199 0.17 0.27

- 359 -




GOT, 1u/dl 116.33  74.00 108.67  62.33  108.00  51.00 11.32 0.00120.016  0.068

GPT, 1U/dl 2467 2133 2467 1967 2300 1567 141 0016 048  0.14
;glggce“de’ 2733 2400 3033 26.67 2300 2367 114 053 056  0.62
E;fd‘f“em]’ 11200 17367 12000 166.67 121.00 137.00 10.62 0.011 0.18  0.079
Glucose, mg/dl  78.67 7233 78.00 7333 7567 7067 131 003 018  0.62
Ca, mEq/dl 847 830 827 813 747 663 029 038 0.087 051
P, mEq/d 897 890 870 923 790 800 022 068 017 087
NEFA, mg/d 25050 178.77 22523  179.93 24497 12893 19.24 0.04 0.299  0.38
n=3

0 2016 & FEH AP @Y 4 A (before feeding, Oh) (& 3-78)

hva

2 S *glycerol interaction: Cholesterol, HDL, NEFA oA Y E}d.

2<% 3% GOTE 228397t AHETE doly s

FE4 &3 GOT, GPT, glucose, NEFAE= F&E2 Az FoA ¢ k2. Cholesterol &
+ =4 AgFolA %=

[¢]
sy
a

3-79. Concentration of blood metabolites of Korean cattle steers of mineral

supplementation experiment (after 3h feeding)

09.05. A= 09.12. 1 & 9.19. 11 & SEM P
Control \ Treat | Control \ Treat | Control | Treat Diet\Date \ Interaction

Albumin, mg/dl 4.77 4.53 4.57 4.53 4.53 430 0.061 0.12 0.101 0.96

GOT, U/l 11867 6867 10833 6433 11200 6133 1091 0.004 0.23  0.94
GPT, 1U/dl 2400 2033 2333 2033 2400 1933 086 0011 0.41 0.4l
Egifgce“de* 2533 2167 2433 1967 2567 2067 104 0.04 079  0.604
S;%lfsmﬂ* 109.67 163.33 11267 172.33  117.67 157.33 11.62 0.012 0.899  0.42
Glucose, mg/dl  90.33  82.00  83.33  76.67  80.33  73.33 239 0.02 0019  0.66
Ca, mEg/d 793 797 800 800 740 773 0097 055 021  0.56
P, mEq/dl 850 803 840 847 803 783 011 053 041  0.72
NEFA, mg/dl  189.37  70.37  104.23  74.67 179.27  90.17 2157 0.7 093  0.78
n=3

0 2016 oF FEH A9 @Y 4 A (after 3h feeding) (F 3-79)

2% 8% Glucoser ATV ALSHETE Joli s, oE AFS9 FAR 23
F=4 Ea} GOT, GPT, trlglycerlde glucose= FE-A ATl o y3ks. Cholesterol
SEE B AgFolA =

3% 3-80. Concentration of blood metabolites, mineral and pH of Korean cattle steers of

mineral supplementation experiment (before feeding)

| Normal | High Temperature | High temperature SE | P
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temperature period 1 period 2

Control | Treat | Control | Treat | Control | Treat Diet | Date [Interaction
pH 7.41 7.47 7.43 7.43 7.42 744 0.01 0.11 0.85 0.28
pCO2 (mmHg) 51.1 38.1 42.9 45.3 33.9 221.2 209 0.09 0.58 0.03
pO2 (mmHg) 30.9 34.2 33.9 30.8 44.2 44.8 1.6 0.90 <0.001 0.65

cHCO3 (mEg/L)  32.0 27.7 28.7 30.1 28.9 309 048 0.68 0.96 0.006

BE(ecf) (mEq/L)  7.27 3.97 4.43 9.73 4.47 6.80 0.50 0.90 0.99 0.02

cSO2 % 57.8 69.2 65.9 60.2 64.0 63.4 235 075 0.97 0.34
Na+ (mEq/L) 141.3 140.0 140.3 140.3 140.7 141.7  0.28 0.84 0.47 0.103
K+ (mEq/L) 4.03 4.00 4.07 3.50 4.03 3.77  0.08 0.07 0.53 0.53
Ca++ (mEq/L) 4.80 4.87 4.83 5.03 4.90 497 0.06 0.35 0.49 1.00
Cl- (mEq/L) 98.7 100.3 100.3 99.7 100.7 99.7 039 1.00 0.50 0.19

cTCO2 (mEq/L)  33.6 28.8 30.0 31.5 30.2 322 051 061 0.96 0.005

AGapK (mEq/L)  14.7 16.3 15.3 14.3 15.3 147 032 100 0.54 0.17

Het % 32.7 28.3 29.3 27.0 32.0 26.7  0.68 0.0013 0.36 0.69
cHgb (g/dL) 11.1 9.57 9.90 9.10 10.9 9.10 0.24 0.002 0.47 0.77
Glu (mg/dL) 83.7 78.7 81.0 75.0 81.3 76.0 1.02 0.005 0.23 0.93
Lac (mg/dL) 16.70 5.60 6.37 3.57 6.03 393 159 0.07 0.09 0.20

Crea (mg/dL) 2.07 1.84 1.95 1.85 1.80 1.74 0.04 0.09 0.0499 0.31

n=3

0 20168 o& FEH AP @Y 4 A (before feeding, Oh) (& 3-80)

e 2% 83 pO2+= A2ToA =3

« 352 a3} Glucose, lactate, creatine2 FE2 Ao 2] Lol AY, LolA= Ak
2e.

o

3 3-81. Concentration of blood metabolites, mineral and pH of Korean cattle steers of
mineral supplementation experiment (after 3h feeding)

Normal High Temperature | High temperature p
temperature period 1 period 2 SE
] Interac
Control | Treat | Control | Treat | Control | Treat Diet | Date fion
pH 7.48 7.44 7.44 7.43 7.42 743 0.01 057 034 0.48
pCO2 (mmHg) 42.4 455 42.2 42.5 34.3 39.0 149 034 0.049 0.81
pO2 (mmHg) 79.7 33.0 38.1 33.6 43.8 41.7 7.40 0.24 046 0.23

cHCO3 (mEg/L)  30.4 30.9 28.7 28.0 28.7 278 042 063 0.02 047

BE(ecf) (mEg/L)  6.90 6.67 4.57 3.67 4.27 350 048 0.45 0.012 0.79
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cS02 % 77.3 65.0 74.0 65.7 66.8 75.0 221 034 096 0.06
Na+ (mEq/L) 142.0 143.3 142.3 140.3 141.7 141.7 029 0.71 0.18 0.36

K+ (mEq/L) 4.27 4.10 3.97 3.73 4.00 3.80 0.06 0.058 0.03 0.89
Ca++ (mEq/L) 4.77 5.17 4.83 5.00 4.77 5.07  0.05 <0.001 0.56 0.56
Cl- (mEq/L) 101.7 102.0 101.7 101.3 102.3 102.7 0.34 088 0.47 1.00

cTCO2 (mEq/L)  31.7 32.2 30.0 29.3 30.0 29.1 043 0.63 0.021 0.46

AGapK (mEq/L)  14.3 14.3 15.7 14.7 14.7 150 031 0.74 055 084

Het % 30.0 28.0 29.0 27.3 34.0 27.0 082 0.023 039 0.17
cHgb (g/dL) 10.13 9.53 9.83 9.23 11.50 9.10 0.28 0.025 0.44 0.15
Glu (mg/dL) 88.7 82.7 82.0 76.7 83.0 75.3 155 0.03 0.06 0.80
Lac (mg/dL) 19.07 5.50 7.53 4.63 8.43 450 1.51 0.009 0.053 0.10

Crea (mg/dL) 2.17 1.89 1.93 1.87 1.81 1.75 0.05 010 0.02 0.25
n=3

0 2016\ oF FEH AP @Y 4 A (after 3h feeding) (F 3-81)

« &% F3h pCO2, cHCO3, K+, glucose, lactaters -0l A kS

o FEH &3 Glucose, lactate 2 FEE Aol os)] ol AY, YolX= HIFS ®H.
Ca++, K+ Zold 2

3% 3-82. Concentration of VFAs and NH3 in rumen fluid of Korean cattle steers of

mineral supplementation experiment (before feeding)

High Temperature | High temperature
Normal temperature . ) P-value
period 1 period 2
. Diet x
Control | Treat Control Treat Control | Treat Diet Temp
Temp
pH 6.42 6.47 6.89 6.60 6.64 6.45 0.64 0.81 0.58
C2, mM 38.4 44.8 38.9 60.7 53.4 59.2 0.10 0.20 0.51
C3, mM 17.6 9.59 16.7 12.5 18.9 12.3 0.03 0.80 0.81
[so-C4, mM 0.72 0.88 0.83 1.07 111 1.12 0.24 0.12 0.72
C4, mM 6.75 11.6 11.8 13.0 14.4 13.8 0.29 0.08 0.42
Iso-C5, mM 1.05 1.33 1.23 1.55 1.80 1.79 0.49 0.23 0.87
C5, mM 1.45 0.77 1.51 0.87 1.64 0.93 0.02 0.85 0.99
C2/C3 ratio 2.41 4.60 2.27 5.06 2.85 5.05 <0.001 0.69 0.81
Total VFA 66.0 68.9 70.9 89.8 91.2 89.1 0.51 0.20 0.66

NH3, mg/dl 0.50 0.70 0.50 0.68 0.74 0.72 0.22 0.42 0.57
n=3

0 2016Lﬂ A5 FEH A4F oY B4 23 (before feeding, Oh) (3£ 3-82)
g3 MRk o® UeA Fkoy, CAsErt EokAe Ade Y.
2 &3 C3 ¥ Che 55+ Yolxom, C2/C3 ratioZ} =ob4.

ofd r
m[u Pﬂ

¥ 3-83. Concentration of VFAs and NH3 in rumen fluid of Korean cattle steers of
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mineral supplementation experiment (after 3h feeding)

High Temperature | High temperature
Normal temperature . ) P-value
period 1 period 2

. Diet x

Control | Treat Control | Treat Control | Treat Diet Temp Temp
pH 6.02 5.99 6.32 6.21 6.17 6.29 0.54 0.87 0.58
C2, mM 61.7 75.6 83.1 69.9 66.2 67.2 0.93 0.43 0.25
C3, mM 25.7 21.0 33.4 18.3 22.3 19.0 0.02 0.38 0.24
[so-C4, mM 0.75 0.90 0.92 1.22 0.96 1.16 0.07 0.15 0.85
C4, mM 10.2 17.9 20.6 16.9 14.2 16.3 0.31 0.14 0.04
[so-C5, mM 112 1.18 1.26 1.58 1.36 1.4 0.51 0.64 0.93
C5, mM 2.10 1.96 3.08 1.79 2.07 1.97 0.15 0.54 0.29

C2/C3 ratio 2.54 3.60 2.49 3.89 3.04 3.93 0.004 0.55 0.79

Total VFA 101.6 118.5 142.4 109.0 107.2 107.2 0.61 0.34 0.18
NH3, mg/dl 0.23 0.43 0.44 0.67 0.40 0.73 0.07 0.27 0.91
n=3

0 2016\ & FEH AF AY A A} (after 3h feeding) (E 3-83)
e &&= JYh 2

S =
il
#: C3 ¢ C59 55+

e

olxom, C2/C3 ratio’} Eolg. gdEYol =7} =

g} 2013-2015d A 717+ €Y AA v B4

D) 2¥ =3

- 4Y AA V1 Y Y BHS B L AR A% UE

) /é?ﬂbﬂ—lﬁ
- g AR P B ol AN PPOE FAS A BB, dBHoE =
g F BA

Q) 2 23 2 &

o A9 AA 71z (123]) AF T G337 7|23 A& data,

- NEFA 5= 259 il 3¢S 2 (29 3-25).

- Cortisol, glucose= 259} whuld AL Ho|n, GOT: &9 nlEsls AL 1Y
(19 3-26).

=z

- Cholesterol, magnesium %+ 2o H| ]TS‘PO:l Z7Fet= A&S HolH, calcium %
= 9% gty gAaste AFS B (2" 3-25, 3-27).
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o A¥ AA 71zt A238) AHAF DA Az} 123 AR A3t (G 3-25
- 4#E4 A7 glucose?t NEFA HE& =9 <l

9‘ QUL 1N

Fo AHAAE B
GPT T+ 2=9 Ao AadA B (F 3-25). AL =79
source?! glucose @ NEFA F%7} =& Al A Lo A lipolysis7} &itstA
Ab gk ARt 12z dA liver indicator?! GOT % GPT H %7
ZAA liver damage”’}t ¥olgd 7FsAol doH, liver damage 7+
A A} B

- Cortisol &%

B
T

5

e

e

fo

T 259 59 AHEd 047 BEYoy FoAdS e duby o=
stress A EZ &# 7 cortisol 57} &5 A~EH 29 323 277} old 7lEA o)

o)
5740l 3
S
= .
R
LL R,
EEE
LR N ]
*
T
FT1RAIL&141 kL 1161002313 K1121F 342

8=
& RDEW

ek

-

— -

-
-
gEom a4 ] 14 18 ]
]
4] - BEYE
-

T

I

3-25. Serum lipid metabolite concentrations during total period (from March 2014
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throughout April 2015) with different temperature condition in Korean cattle steers.
Values are mean + SEM. * p < 0.05, **; p < 0.01, *** p < 0.001.

19 3-26. Cortisol, glucose, GOT, and GPT concentrations during total period with
different temperature condition in Korean cattle steers. Values are mean + SEM. * p <
0.05, **; p < 0.01, *** p < 0.001.

1% 3-27. Albumin and serum minerals concentrations during total period with different
temperature condition in Korean cattle steers. Values are mean + SEM. * p < 0.05, **;
p < 0.01, *** p < 0.001.

3 3-84. Correlation coefficient between ambient temperature and blood metabolites and
cortisol ~ concentrations during total period (from March 2014 throughout April 2015)
with different temperature condition in Korean cattle steers.

Correlation
Items ..
coefficient
Cortisol -0.47
Albumin -0.02
GOT 0.75**
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GPT 0.70%

Triglyceride ) _ = -0.21
Cholesterol 0.04
Glucose ] -0.61*
HDL i 0.26
LDL 0.08
s 1111 et : 0.17
Phosphorus 0.30
= = xMagnesium 0.18
NEFA v -0.69*
N = 12.

Significant correlations are indicated as *; p < 0.05, **; p < 0.01,
ol 2017'@ glycerol A7t &3 AF T/t AF A AF

? 43z A3 F EF7F AW glycerol H7lel Wit AA F7F
s

O FA&= : FAM2671€L5, 732.55kg) 145
O A3 Z4a : gAF dof AA 3¢ 571

O AEAYF : gz, =gME H7H(5% glycerol)
O A5 59 2 dd 3% 54 49

O s3FAE 2 99 AHAF 4 9

- ¥ 23] 59 (Fo]1etn)
- AT S8 goF R IF SAHoE A
@ glycerol & °] (top-dressing)
- glycerol-2"3] (6:4 H|&) AHE (HEFle LW FFS
- 9 500gS 23]0 o] 350g8 Fol (AR FolAl Al

VE“
O
=

b =4S 3 AR A
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> LHE AR LT JISAE BEstA A Yok RE 1N 1 )=
> A AR AAT L AR B 2AE AT 54
> Al vl ALt SA 4 34)
> d9 - AR Fo] 3A F A
> AN - ALE Fo] 3A1ZF & oral-stomachFEE A
> B 45 3 Y AEH RNA 24 8)
>HHE L EF F YEAE &8st §4 54
#* 3-85. Growth performance of Korean cattle steers fed either a control or
glycerol-supplemented diet at Uijeongbu-farm.
Parameter September SEM
Control Glycerol
Initial body weight (kg) 731.30 733.80 15.62
Body weight (kg) 751.40 741.10 15.50
Average daily gain (kg/day) 0.69 0.25 0.14
Average feed intake (as fed)
Total feed intake (kg/day) 8.72 8.82 3.06
Concentrate intake (kg/day) 757 7.99 3.30
Forage intake (kg/day) 1.00 1.00 0.00
Glycerol intake (kg/day) 0.00 0.60
Wheat bran intake (kg/day) 0.15 0.00
Concentrate intake (%) 83.97 80.19 1.26
Forage intake (%) 100.00 100.00 0.00
Glycerol intake (%) 0.00 100.00
Feed efficiency (G/F) 0.08 0.03 0.01
Feed convertion ratio (F/G) 12.58 35.04 8.59
Hl, &= 2E#H 2 A& dUa 2FF A guideline Ak
(D =AU 1493 Q7238 Mg es 25 2Ef2 A8 d9¥Ls 87

A7 guidelineg A ¢kst

- 718 ®}&k beef cattle o] &, A5 §1& 7% dairy cattle o] &
-FF FUHE U E
b % YL 87F MAQIITE =3 AB)HE ¥k
O H¥ 2EHY 2= AL d¥4L 7% A4 guideline
% 3-86. 09 2E#H2: AE ¥4 7% HA guideline
RS S 2 AR U 3 (HE V1S
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Energy =0 DMl & % T3 R S%F = AW HUL
- Afee BEY Ve FAE 8 2a ¥E 245 59 (Cummins,
1992)
- ZAEE FFAIRED 43 AL FEHAolA o] BorE X
A Atse AAF 347 F8West, 1999)
- ZALE A dolE M-St FEZ 8
- #2A ADF 18%/NDF 25%/effective A4 T ZAIEZERH FIH=
NDF 21%
- olyA gEFo] @rsEe 228 E oEF heat load7t A1 ¥HES
acidosis 87 §lo] dyA =Fo =2 =& Wy (Wang et al, 2010)
A% - AFEUW DM 5-6% o]/ dA ReA Fo
- A sources: 1/3& A EA AW, 1/3S& AW A, 1/3S 959 &
I Ago=w T3 Fo dX
- AFE Aol t @d SF . sHARE And 9ud FF
< SiE giALE QIS @ WS A T22EHXRE HZIAZ
7FeA = oA AATF 547 T&
L - WA EERYH a7 CPE 55

ol R : CPe] 36~40% A=
E S s @udeE FF. e 2e2Ed 2 448 RDP 61%
5 _
=]

3} A wolokdt (Huber et al.,, 1994)

UJEF (Na: sodium)

1>:r11
det
IN|

e Ea = WHAE o83t 0.18%°1A 0.35~0.50%
FZFo 8 = (Schneider et al.,1986; NRC 1981)

ZHE (K: potassium)

HE5E 5440 973 05 - 0.8%

= FUE AHF T4, 233 T4 e
(Kume, 1989; Kume 5 1986; ARC, 1986)
I ~Ed 2~ A% = 1.371.5%% =% (Schneider 5,1986)

kel o 2 wjAd gF

olN

7}

il

vl s (Mg)

0.35% (Schneider &, 1986, NRC, 1981)

Sodium bicarbonate

HZA 0.75%; rumen acidosis WA 93l buffers] &

& (salt)

cow F 85 - 113g (3~4 &) 3Fo FF

A4 (CD - Ha 0.25%~ AW 0.35%7HA &+
- Dietary cation-anoin balance (DCAB) 195 or 144meqel4 320 meq
ol #3 Na+ K-Cl/kg 5% 24 3% =7} (Escobosa et al., 1984; West %,

1991

Vitamin niacin

6g/d/& & fr5F 571 Muller et al., 1986)
18 ~EH2A niacin A7} &3 skin temp A3, FEdlE I 9l
2 (Di Costanzo et al., 1997)

(Sontakke and Bisitha. 2013)

# 3-87 I KT8 TFAEY YL FEFH a2 2EYA HF <
5T
5471 554171 fEE= s
- — — 2EY 2~
H 2 g H 9 S H 2 g T Al AR
S
TE % 11.26 10.81 11.16
Zo % 16~13 15.20 15~12 13.50 14~11 11.50
ZA v % 2.5~35 3.10 3.0~4.5 3.51 3.0~4.5 3.56 DM
5-6%7} A
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o\
off

Z % 6~10 6.68 6~10 7.53 6~9 6.11
NDF % 19~33 24.26 19~33  23.13 17~30 21.41
ADF % 10~13 10.27 9~12 11.04 8~11 9.28
NSC % 31~47 42.46 35~49  44.50 45~52 48.42  Glycerol
A7y 19
SIP/CP %/CP 30~33 30.17 24~30  26.55 25~30 27.63
UIP/CP %/CP 23~13 32.05 33~41  35.16 33~41 35.99 RUP 39%
o] A+
Z3) 5 % 5~8 6.53 5~8 6.33 5~8 5.22
Ca % 0.7~1.1 0.85 05~1.0 0.68 0.4~0.7 0.48
P % 0.4~0.8 0.55 04~0.8 0.51 0.4~0.55 0.42
TDN % 67~73 70.34 71~74. 73~76 75.56 AHZF
5 73.92 AN
10% ==
DE Mcal/kg 2.8~3.3 3.03 3.0~33 317 3.2~35 3.26
ME Mcal/kg 2.5~2.9 2.73 2.7~3.1 2.77 2.8~3.1 2.86
Mg % 0.2~0.3 0.21 0.2~0.3 0.22 0.15~0.3 0.21  0.35%7}A
=%
/Zn PPM 23~33 26.18 23~33 28.71 23~33 26.04
Na % 0.3~0.6 0.33 0.3~0.6  0.46 0.3~0.6 0.42
Cl % 0.3~0.5 0.34 0.3~0.5 0.46 0.3~0.5 0.33
K % 0.5~1.0 0.66 0.5~1.0 0.65 0.5~1.0 0.56 1.3-1.6%
A Fe
S % 0.2~.25 0.25 0.2~.25 0.29 0.2~.25 0.21
DCAD  meq/100g 0.38~0.73  0.56 0.5~1.0 0.54 0.7~15 1.01 12-35
meq7}A|
ok
* DCAD = ((Nag#/0.023)+(K & =¥/0.039)-((C13+&/0.0355)+(S T =/0.016))

* 2 $E AM W8

O %9 2E

S8 5325 (NLCF, 16 feeds) 7|02 24

A A dga 27T A

) guideline

¥ 3-88. 9 2Ed = A dE¢A 9 7F HAA guideline
B EFL S7hE 2 AR W e 1E
- 39 2EH 2 AHF ST
- ALPALE oltolA Wl 1 ° C &% Ash 2% A 277 57
PR e -12° C: &7} YA 87 20% =7}

QTF 40% F7}

- ZAL% 1.6-1.8kg or =% ALE 0.9-1.0kg/cow/d F71&aF
¢ -23° C: 37} oA
- ZAb® 3.2-3.6kg or FF AR 1.8-2.3kg/cow/d FItEF: FAIEE A
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HeFo] AT B4 glonz FIAE Fof AF

- WA A S DoluA a7F Fvbel o)
SRS A7 A% 37 BF ABEA 2 A4S

- ZolE DMl WE 2% 53R =% w A FAr)

- AR Fb me A 2AR R b F
At - ARA2AR Fo Fo] A UA FHS ZAJNAN HAFES A
& £ gomg HARAR Hrt FoAEA LA
A - nyA do2 AW H7F 7 (Hess et al., 2008)
© - AgY DM 5-6% o]4e dA dEA &
- - AHF 21 AL aad e FolE A 1w AHF Zvte) gE
T ok B FF sbsd Al B2
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# 42 FUeIA ol §HE PEAA FF

5 TF
1. FF(grains) 19
2. 7% (Brans) 29
3. 87 (Oil meals) 61
4, 7}3-H4FE (Industry by-products) 155
5. EEAAE@EME R Feeds from animals) 35
6. FAF 2 AAFEREM L B Fruits and  vege3Es, root and stems) 15
7. BAPRAE(EFESIFEY): Farm by-products) 53
8. A ol zt= F(FHAEYEE: Soiling crops) 9
9. ArY el A F (Silages) 11
12. 117+F(straw) 49
13.. ok=%& (Native grass) 218
14. 3z % =7 (Sea weeds and marine algae) 10
15. <=4 F(®IZEHR: Forests) 60
16. 71t (Others) 31
A 755

3

O =hd PEAY 13147 F RAES HEste] 7557) HA .

ZALEE ZAAE 3& L7t 7714 otu] =4k H| E}R]
DM CP TDN 2= Cystine Carotin
CP EE DE Zs Methionine VitaminA
EE NFE ME Sl Aspartic cid Tocopherol
APE NFE CF NEm gl Threonine Thiamine
Ash NEg UEF Serine Riboflavin
CF NEI o} 1) & Glutamic acid ~ Pantothenic acid
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NDF A Proline Niacin
ADF 3 Glycine Pyridoxine
Hemicellulose 3] Alanine Biotin
Lignin i Valine Folic acid
Cellulose ZAAE Isoleucine Choline
Silica oA Leucine Vitamin B12
NFC T Tyrosine
24 Phenylalanine
Lysine
Histidine
Ammonia
Arginine
Tryptophan
3% 4-4. 5259 CP 2 TDN g3 wE BF
CP TDN
10%°] % 15%°] % 60%°] & 70%°] 7
A 290 166 80 40
| A 7 (%) 10.00 15.12 60.05 71.88
Z 1.3 (%) 84.50 84.50 127.10 127.10
O CP ¥ TDN<S 1133 B4kE HAHGE 4-5)
¥ 4-5. BArE9] CP< TDN && B&HF
CP 10%°]% TDN 60%°] 4+ CP 15%°]%+ TDN 70%°] 4+
AT 68 27
2 A 3k(%) 10.30 60.05 16.14 71.88
ZH 13K %) 84.50 127.10 84.50 108.27
O FAHE A CP 10%°]%, TDN 60%°]42] & JUeld 68719 FAE(E 4-6)
% 4-6. F4HE 7557] 5 CP 10%°©]7%, TDN 60%°]’3< FZsle= A=
25 oA CP(%) TDN(%)
=3 (Lupine) 29.27 86.05
23 (Lupine), &=(seed 29.20 85.07
e F¥(Lupine), #2}(ground) 13.53 83.17
(‘r;ir:;) F¥(Lupine), &3 =2 (steamflaked) 23.98 82.89
& Z ¥ (Lupine), &3(dehulled), 7<= &](dryheated) 37.00 80.75
olu}Flax), <4 (Fruit seed) 18.91 108.27
M A (Cotton seed) 19.31 74.54
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A ZRape), F2 (Fruit seed) 21.15 103.69

U 7] (4™ 3])(Wheat bran) 15.22 65.53
W7]&(4"39])(Wheat bran), Z=r4Hcn) 17.02 67.07

27 e 7] (A9 3))(Wheat bran), 1 =U]A]oF4kid) 14.93 66.83
(Brans) 7] &(&" 3))(Wheat bran), 22} #7F4H1k) 15.62 67.05
7] &(4&" 3])(Wheat bran), &¥#(Wheat shorts) 14.83 73.88

A (A7) Rice bran) 13.36 79.51
=4=74(Sorghum bran) 12.40 60.83

) 2HE 7 & )(Soybean meal), FZ(solvent extd.) 44.82 75.77

) FuH(F A & )(Soybean meal), FZHmechextd.) 43.81 78.17
TFuH(F 7 &) (Soybean meal), 7]=4Hus) 46.37 76.55

o) F2HF A ) (Soybean meal), ‘g1 4Hsa) 45.76 76.31

o) 5 2H(F 7 E)(Soybean meal), S=4Hcn) 44.55 75.69

) AHeHEZ0 5)(Perilla meal), }2Hmechextd.) 38.98 63.78

S uluak(7A 5 )(Sesame meal) 45.78 64.13

S (A E)(Sesame meal), S2(solvent extd.) 46.27 61.26
SR & )(Sesame meal), $H&H(mechextd.) 41.99 71.98

2 Z8H -2 ¥h)(Rape seed meal) 37.83 60.70

) 9 (Fr2l¥h(Rape seed meal), F=4Hcn) 36.41 60.74

3.8 | A== Rape seed meal), F2Hmechextd.) 33.90 60.05
(Oilmeals) | 4 ¥HCotton seed meal), FZ(solvent extd.) 27.81 63.12
™ 2 ¥(Cotton seed meal), +=H(mechextd.) 29.80 67.66

o3}k (Peanut seed meal), FZ(solvent extd.) 47.60 68.96

3} v (Peanut seed meal), ZHmechextd.) 43.00 74.06
olulek(Linseed meal) 35.39 69.66
olulEk(Linseed meal), $Z(solvent extd.) 37.56 69.80
obnlek(Linseed meal), %ZHmechextd.) 32.87 65.45
okAHH(Coconut meal) 21.40 66.16
okzFEH(Coconut meal), S=Z(solvent extd.) 21.38 67.88
ozleH(Coconut meal), 2Hmechextd.) 23.89 66.55

s ule}7] A BHSunflower seeds meal), ¢2Hmechextd.) 18.70 61.78

3] v} z}¥H(Castorbean seed meal), +&Hmechextd.) 35.82 63.47

&k (starch process), <71(Corn dehydrated) 11.65 62.61

7 vkDistillers grain), 571(Sorghum dehydrated) 17.84 82.27

_ | M52 Brewers grains dehydrated) 18.49 63.13
ii;; SFFaFed(SZF8)(Corn gluten meal) 62.22 79.55
(Industry G 9| (S42F ]9 =)(Corn gluten feed) 19.58 71.88
by S obh(Su) obh(Corn germs meal) 19.49 76.86
products) | <<= o}uH(E-H) o}¥h)(Corn germs meal), ¥2Hmechextd.) 16.14 85.91
2-4=4=A| 2 (Corn grain screenings) 10.30 73.44

2 o}(Rice germs) 18.90 88.96
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$-a=Z=Hl oHCorn germs) 13.70 127.10
U= F8l(Wheat gluten) 72.83 78.77
Zr Y3 =(Corn Hominy Feed) 11.21 82.04
Zf-8-(Soysauce process residue dehydrated) 30.57 61.23
1] 2] A(Soybean curd process residue dehydrated) 26.06 76.02
FH1k(Soybean residue defatted), & =|(curd process) 24.80 80.83
T34 (Soybean beverage byproduct dehydrated) 31.66 79.97
1k "x|(Soybean beverage byproduct dehydrated defatted) 37.70 73.03
AreHF-(Beet), B (molasses) 10.80 73.15
&= S (Soybean protein concentrated) 66.20 81.37
£ ) F-(Soybean protein isolated) 84.50 84.73
754 | #4e7](Rice polished and broken) 10.58 74.76
FAE
(Farm by
products) | 22 71(Wheat broken) 12.18 74.47
vty (Dystaenia takesimana), 20cm(20cm long) 17.23 66.06
13.0kx= | A¥tt(Dystaenia takesimana), 40cm(40cm long) 17.27 66.36
(Native | Ad®}t](Dystaenia takesimana), 60cm(60cm long) 13.30 65.61
grass) | xu}r)(Dystaenia takesimana), 80cm(80cm long) 13.40 66.45
dult](Dystaenia takesimana), 100cm(100cm long) 10.34 66.55
152292 ZZ 2+ APopular leaves dried), o] € (it) 12.42 60.88
(Forests) | s = 2}9)(x) 2) )71 (Popular leaves dried native) 18.46 61.72
O FAk=olA CP 15%°1%, TDN 70%°17d2] #2115 Werd 2770 FAbE(E 4-7).
% 4-7. B4HE 7557) 5 CP 15%°]7¢, TDN 70%°]’3& FZ3le A=
257 k) CP(%) | TDN(%)
A (Lupine) 29.27 86.05
Z9(Lupine), &=(seed) 29.20 85.07
A (Lupine), F35 4= (steamflaked) 23.98 82.89
(;'zi) 23 (Lupine), &5 (dehulled), 714 g](dryheated) 37.00 80.75
o}u}Flax), %4 (Fruit seed) 18.91 | 108.27
™ A (Cotton seed) 19.31 74.54
2 & (Rape), A (Fruit seed) 21.15 103.69
3.69F | o FuHZE 7 &)(Soybean meal), =Z(solvent extd.) 44.82 75.77
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o) F2H(F 74 E)(Soybean meal), $+2Hmechextd.) 43.81 78.17

o 5 2HF A 5)(Soybean meal), 1] =4Hus) 46.37 76.55

o 5 2HF A &) (Soybean meal), ‘21| 4Hsa) 45.76 76.31

(Cilmeals) ) FuH(E 2 E)(Soybean meal), %=4Hcn) 44.55 75.69
S opEH (A 5 )(Sesame meal), F2H(mechextd.) 41.99 71.98

g3}k (Peanut seed meal), $+2Hmechextd.) 17.84 82.27

49 (Distillers grain), s~571(Sorghum dehydrated) 43.00 74.06

&= = (Soybean protein concentrated) 66.20 81.37

£ ) F(Soybean protein isolated) 84.50 84.73
SroZFEld(E=F8)(Corn gluten meal) 62.22 79.55

_ Gl 1) (&= F 113 =)(Corn gluten feed) 19.58 71.88
;1; S gerf o} BH(EZulf o} uh)(Corn germs meal) 19.49 76.86
(Industry | &-<=<=n o}uH(L-njj o}8h)(Corn germs meal), 2Hmechextd.) 16.14 85.91
BYProduc | yu oh(Rice germs) 1890 | 88.96
© A= Z6l(Wheat gluten) 72.83 78.77

H] ] 74 (Soybean curd process residue dehydrated) 26.06 76.02
SH-uk(Soybean residue defatted), ©*|(defatted) 24.80 80.83

-1k (Soybean beverage byproduct dehydrated) 31.66 79.97

T4 gx](Soybean beverage byproduct dehydrated defatted) 37.70 73.03

O 7}=9 ARE ol &5 v FEAYANA FIFAAE =AHE 4-9).

# 4-8. A=A diE AR EAste FIFJA
T Y¥AA 224 AR 3 FEIH AE8 A=
proteas inhibitor a5, F4F4 saponin <Gad, O F
hemagglutinin , S, oiF, A
88 7, AdF tannin N T
(lectins) 7] 1)
allergens Ay, U5+ alkaloids lupin, =}
cyanogens oju} anti vitamins oju}
glucosinolates ANE, AZA vicin, convicine feba beans
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gossypol oA lathyrogens

lathyrus% <5
(o sweet pea)

O uFut

(D Trypsin inhibitor : Trypsin®] thAlEal, 3&E 74,

@ Saponins : HiFAHEA o2 AFo] EAstH =
< douH HAEFE &lete 4ES AT A
@ Allergen : allergen g7ZQl A &9 FAHAHE
g SAEEAE WIS S ForAY] A A

Wm 4gEel "ot F4o] kg & U

@ Urease : S S EoA= F3Fo] Qo) QA2 AR

F2 vhehy

® Oligosaccharides : W+ ©F3E2] FAHAZELE thAA
o, FolA = olu HAHE Jtxejo] Ra4HE wfiEol] HAL HEF Fo

U 0SS HeE 229 Fo Folxe] Foist

O A|Fut

(D Progoitrin : progoitrin®. 2 & A== goitrine 71 74

AgHe FoT 7159 S TUAIIe 79 220 AT FF

FF A& A=+ progoitrin®] gl 2-9-F.

O WAy
D Gossypol : HAH] 1%4

7] Lo~28) Blthsf 4.

[e) 2~
ke Wi, =89

oAM AF

Foll A m A &oll ofsf &3l
| = N A

dAEC] FEE
g A =2 =,
o wg %

gHratal o, Tt (X eDHA S gossypole

=
oA gkgste] Aol F4, lysineo] AE]F o] &ES WolEH. gossypol F=
&

a0 @Aol yEhg. ol FolA(AF S/d~6714)e] B+

vay
gossypolgt&o] =& maurs taF HFstH HAdS: oz 0.023%0)8 = =

19 45kgd 140mg ©lstz2 Foisfof 4.

O o}upr}
(@D Linamarin : #H ol WHEo]A
0.03%7} Aol HH Ax3 3

oy, £3% FHu o2 H o

e AAstel =

[e]

= olupdlo= AHAbo)| 3]d3t+= linamarine] 0.01~
T FoAA gFFATAE A Sol o3
s

hhg ol Ao

():‘6':0 ()-]
O O T BA
[e) o Z
= E]_——o E!.
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O =3 FAFIER AT 3% AA

O = 2 A4S 2004 5,000 Eo A 2013 4,230 Eo0 2 =051 O
201249 4.006H =] HF A 201330 Z7HeF AT Ho|T YLS(F 4-9).

@ =W & AFES 2010d 104.5%F YERA £ 2011 74(83.1%)8k A th7E 2013
(89.2%)7}A] %7}6 = =9,
R

2004 82.0kgell Al 2013 67.2kgo®E FF3] EFEIL

2004 2005 2006 2007 2008 2009 2010 2011 2012 2013

A (HE) 5,000 4,768 4,680 4,408 4,843 4,916 4,295 4,224 4,006 4,230

AHE (%) 96.5 102 985 958 943 101.1 1045 83.1 86.6 89.2

10348 %F (kg) | 820 807 788 769 758 740 728 712 69.8 67.2

® 4-10. 2013 S @r) AR B A BAN AT 4

BRTAE A v =8 & (ha) Ay 2& % (ton) A7 A2k (ton)

A= 831,355 4,550,440 364035.2
A EH-A 249 1,227 98.16
FAkg Al 3,255 17,696 1415.68
o -3 & Al 3,160 17,384 1390.72
A3 F A Al 11,694 98,785 4702.8
FFRAA 9,500 29,130 2330.4
o 3 Al 1,398 7,574 605.92
=4HE A 5,702 30,604 2448.32
A7 = 88,916 438,323 35065.84
A= 33,947 171,145 13691.6
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FAE=E 42,892 237,223 18977.84
FAE=E 151,767 886.315 70905.2
Heph = 126,771 732,463 58597.04
debd= 169,918 884,127 70730.16
AgE= 108,479 615,895 49271.6
A= 77.695 422,503 33800.24
AT = 12 48 3.84
A At o] Ak 8% AlAtste] =490+

=4 BAA

£ 4-11. 20139 =4

=3 AR D Ak ol AN

PATAE A8l 7 % (ha) Ay 2k Z(ton) 2ufj o} A 4ke(ton)
A= 832,625 5,631,689 112,634
A5 A 249 1,491 30
FAEg A A 3,255 22,096 442
o 733 A 3,165 20,917 418
1733 A 11,695 71,449 1,429
BTG A 5,512 36,096 722
o 33 Al 1,398 9,434 189
=g A 5,703 37,580 752
A7 = 88,949 532,511 10,650
AR 33,968 211,517 4,230
FHARE 42,893 291,499 5,830
SHAEE 151,814 1,093,941 21,879
HAYgE= 126,799 908,124 18,162
A= 170,690 1,107,156 22,143
BAEE 108,501 764,106 15,282
AE= 77,732 922,574 10,451
AF= 302 1,199 24
*ogllol YA =FAYNTFe] 2%2 Adbste] 2L
A A

O WY FAFABE o] FAE 352 ARNYLEE 412

O S 8 el wal S 191Y Al wlge] Zasta 9.

@ e AFHOE Aaro] H1 glol, BAEY TYo| Folsrhe FHol UL
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@ o] FAHE(m7}, Ao}, Axefr)e] CPEFEFol 10%°]/del™, TDN 3 70%
olAo g 71E UAALE A7} 7Hssitta A R R

=

3E 4-12. =F FARNE AA

=5 B3 CP(%) TDN(%)

75 (Brans) u] Z}H(Rice bran) 13.36 79.51
7} &84S (Industry by-products) 2-a ol(Rice germs) 18.90 88.96
FARALE (Farm by-products) 22 7] (Rice polished and broken) 10.58 74.76

O 4 RAE o]99 AL B FFHAE G4

D & B4R olgolA] o)A WASIL Y& AT B bR FARS GAT B

a4 A=

e @A AFEEHI JE FA - FFEAES AASYEEE FoA FYF] A Q)

© AU, 2016), JHEE AISAES T WE FUHEQ Hl&o] YASHA H

of Zabglel A L = 4 e

@ THEE FuolA A4EARATN HIZAHEHE A T4 HEREAES FE

CEEES

U AGEER, $RAY L AFD) L A7DE 7HE ABIAY HolHuol s 73

@ @A FUelA ol AAE AT U BT RARL 2AY
Gh FHeNA A3} HEeIM ol AuEel AXL Y ¥ J
AN WASE B AFRAZES IS BT

@ Lo we} sk kR Ee] FEe gt dAl 4k - vt RtEE AR

ﬁd
pos
alfe

S

@ w ollet RS B IR ABHEE HRUSte] AAR ABURE

D AGEEH, $PAS L AFD) B S FHE YT BN 24
Ob BA B AFRAES ARARE A ARAXY AR FEAE

¢}
T7F JPHD Jw. THY w4 - 7bERAbE ] BAAGS A B AL o] FolA

A @A AF AHER FA4F - ThERAbEe] BT R T 2AE s okt F
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¥ 4-14. FHEA Y] F4HE AL
}\‘]% ?‘];ﬁ A = 7].0_]1:: =B =)=
=14 el A 371 = L= TE= T8 E =
e e ittt ton - - - —————————
] = 942.0 37.859.0 479.708.0 886.501.0 477.753.0 436.730.0
BN 0.0 667.0 4.979.0 8.853.0 102.782.0 151,058.0
e 7.0 694.0 5.918.0 2.100.0 5.496.0 32.449.0
9] 0.0 25.0 1.011.0 840.0 53.0 1.034.0
=7 1.0 261.0 6.458.0 6.934.0 7.114.0 11.227.0
EolE | 150.0 3.979.0 20.196.0 52.025.0 20.623.0 73.155.0
T5F | 84.0 14.086.0 53.272.0 11,052.0 25.983.0 45.170.0
P22 0.0 73.0 361.0 2.899.0 6.902.0 8.471.0
s 525.0 14.227.0 164.524.0 493.772.0 87.609.0 154.083.0
E 0.0 9.0 4.685.0 8.354.0 10.682.0 6.453.0
P} 630.0 53.964.0 413.912.0 166.396.0 201.670.0 774.084.0
B 40320 |00 0.0 504.0 3.990.0 11.676.0
] 0.0 810 2.234.0 5.778.0 69.846.0 26.924.0
) 311.0 1.784.0 46.144.0 2.320.0 7.597.0 51,179.0
Fut 0.0 2.116.0 13.120.0 996.0 3.534.0 28.405.0
5 2.300.0 10.260.0 239.008.0 54.330.0 60.408.0 113.728.0
222 110 154.0 5.650.0 30.339.0 28.991.0 1.295.0
=4 FAA
W FHA Y] FAE AAE
9 WRA e BHE ANTE LT LG 415
 4-15 GRA A B SR AT
A=
FLAL o]+ ZFF o) A 24k = AeE | Aghd | AAE | A4S
FAA | FYGA | BEA] | FEA] | FGA T T = = = =
AL A
———————————————————————————————— ton - - - it
oz | 14484 [20222 [ 25.922. [ 11,980, | 18505, | 15.440. | 468,159 | 17825 | 642183 [ 214767
= o 0 0 0 0 0 0 %0 |.0 0
Zur |00 54180 | 21560 | 0.0 40 | 34120 81’194 29,130. | 58,484 1016’399
ol | 2240 | 74310 | 4730 | 2380 | 8230 | 3200 (1)1’861- 70,104. 80’563' 72,649,
39 |00 9.367.0 | 0.0 0.0 0.0 270 520 |00 15’9’968 14510
S70 210 | 1640 | 1260 | 2350 | 1250 |5920 | 68430 | 40520 | 51660 | 2.705.0
o | 2458 | BSU 10382 5000 [ 080 | 1asao | 9577 | 04T | BIE [ 5L43T
7ol | 4390 | 7930 | 15600 | 1.123.0 | 14150 | 14110 81’375 83’345- (2)2’363- (1)4’680-
7 8060 | 1.296.0 | 34500 |126.0 | 42220 | 210 (1)7’775 82’585- 1018’095 101&042
A | 14260 | 95690 | 41310 | 4.118.0 | 5.043.0 | 36210 | 81.288. | 149,629 | 253.192 | 134.247
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A Ak
AF=
———————— ton --------
Hl 5 80,892.0
ut 5,587.0
o} 32,230.0
Z 0.0
= 0.0
EnE 3,032.0
v} 3,065.0
z 522.0
A 65,936.0
= 9,113.0
2 41.0
H = 0.0
Ara 0.0
Ll 0.0
oFy] 101,134.0
3} 50,720.0
= 193.0
TdF XAt
g FAE FUFS T Z(E 4417,

0 0 0 0
1330 1230 | 2280 | 2670 57820 (1)3’072- 51’401- 4,689.0
15.345. 6.100.0 | 21036, | 23613, | 687.367 | 844,611 | 576,636 | 369,006
0 109.0 | 4 0 0 0 0 0
210.0 0.0 0.0 0.0 4,200.0 (1)37692 10920 | 2.352.0
1.627.0 3220 [3420 |00 GLO08. 1 9740 | 307710 | BLI3L
202.0 2459.0 | 52720 | 306L0 | >0 | 0919158864 g 0979
15025 1250 | 14150 | 1880 | SBL | SGRATZ [ 186390 | F3063
2148 29380 | 16880 | [p0 | 16830 | SILGIS | 76180, | 55712
1380 1220 12360 |00 23360 | 52120 | 3.863.0 | 3.136.0
o 4t
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o] 87t FAE Al FaEed
ol 3 ) 0.10 3(1998)
5} CE 0.45 AX A=
nps =7 2@ 72 0.16 AR A=
ha ¢! 0.19 AX A=
=7 =7 0.20 A A=
ErlE =7 1.10 e
mp e 0.15 A A=
7F e 0.3 o] 5(2014)
pagal CE! 0.05 24 A=
B K 2.50 43(1998)
°© =7] 1.75 ?(2016)
e 7] 0.02 3 5 (2012)
o o] 0.08 3 5 (2012)
%7 0| 0.3 3k 5 (2012
m = A4 0.54 AR A=
A3} CE 0.07 Ax A=
1] CE! 0.18 2 A=
Fu} K| 0.30 AH A=
o =7 0.21 A A=
=l 1.89 T-(2016)
ST ¢E! 0.08 AX A=
21 0.07 A3 4=
olR 7%= <Kl 0.22 A A=
75 FAHE 2} 0.91 Silva et al.(1998)
e ¢! 0.54 AX A=
= A4 0.28 A A=
& A4 0.27 AX A=
Tl = A4 0.45 A3 4=
HhL L ¢E! 0.35 AX A=
7191 ¢E! 0.16 AX A=
Q@ AA 0.24 A4 A=
A
A7 Y. 1998 AR O] SRS B FARNEC BE IMF Athe] ZARUA AEA Y,
T Y. 2016. FAFHAES A EAHEE A% FEAA 75 L A= A sEXEA.
=3 <)

o|FA, vres] HUAY, o3, AHE, 2014 EEE o] &3 o2 AAE Q3 g E AATZE
7] H =3} Korean J. Microbiol. Biotechnol. (2014), 42(2), 202-206.

Silva, Nebra, Machado Silva, and Sanchez. 1998. The use of biomass residues in the brazilian
soluble coffee industry. Biomass and Bioenergy 14: 457-467.

o], dHE], A4dE, A7, A8, AeY, A2 2012, B FARES] Bl - Thke AAA R
o] o] § - FE2ETA A" HW vol. 65.

(W) szollA B8t FAbzol A AT YAAIZ] AL

O AT 4k 7}

o

RAVE A AT A7) AL
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}\1% ?_‘;:ﬂ 7_—] - 7L0J1: =z 3 - =AUV =
swa | B A7 = o=t ST | T/HEH=
————————————————————————— ton ---——————————————— -

7.7 310.4 3,933.6 7,269.3 3,917.6 3,581.2
0.0 10.7 79.8 141.8 1,646.6 2,419.9
0.2 20.5 175.2 62.2 162.7 960.5

0.0 0.6 22.5 18.7 1.2 23.1

0.1 36.0 889.8 955.4 980.2 1,546.9
28.1 744.1 3,776.7 9,728.7 3,856.5 13,680.0
4.1 689.5 2,607.5 541.0 1,271.8 2,210.9
0.0 5.0 24.6 197.4 470.0 576.9
3.6 97.2 1,124.4 3,374.4 598.7 1,053.0
0.0 21.1 1,030.7 1,837.9 2,350.0 1,419.7
0.0 59.6 2,910.6 5,189.9 6,636.2 4,008.9

12.3 1,055.0 |8,092.0 |3,253.0 3,942.6 15,133.3

43.8 3,755.9 |28,808.3 |11,581.2 |14,036.2 |53,876.2

14.8 1,267.6 | 9,722.8 | 3,908.6 4,737.2 18,183.2

145.9 0.0 0.0 18.2 144.4 422.4
0.0 1.1 30.7 79.3 958.3 369.4
10.0 57.5 1,486.8 | 74.8 244.8 1,649.0
0.0 102.9 638.2 48.4 171.9 1,381.6
99.6 265.7 6,188.9 | 1,406.8 1,564.2 2,944.9
5.4 75.7 2,776.4 1 14,908.6 | 14,246.2 | 636.4
0.2 3.1 113.8 611.2 584.0 26.1
0.2 3.0 108.7 583.7 557.8 24.9

7)
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F 421G 7A A e gl ThERAbE A YA
oE | PE
b Pz o
A | TEIT T RIS e g |ag |28 |2
A SR SR E ST AT I E ST DO b Doui Nl D
- /\] /\] /\] /\] /\] = == == ol ==
5 Al
R ton ————-————m—m——m - -
M3 |9 |118.8 | 165.8 | 212.6 | 98.2 |151.7 | 126.6 8’838- %%61 8’265' {761
v | 74" |00 |88 [345 |00 |07 |547 %’300- 466.7 | 936.9 %’854-
=7
s (2 6.6 2200 | 140 |70 244 |95 |3511 %075- %’792 121’150-
|
#9 |72 |00 [2089 00 |00 |00 |06 |12 |00 2’121 32.4
=7 |27 |29 |226 174 |324 |17.2 |81.6 |942.9 |558.3 | 711.8 | 372.7
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O A RAE

O Pt E . AEDry Matter;DM), =S A (Crude Protein;CP), 3] #(ASH), &A%
(Ether Extracs;EE), =*4]+(Crude Fiber), NDF(Neutal Detergnet Fiber), ADF(Acid
Detergent Fiber) % ADL(Acid Detergent Lignin)

@ F71& A& :Ca, KZEP

@ CNCPS(Cornell Net Carbohydrate and Protein System)el] Z Q3 A& . &4
Z(Soluble Protein), 7}-&52~E(Non Protein Nitrate;NPN), NDICP(Neutral Detergent
Insoluble Crude Protein), ADICP(Acid Detergent Insoluble Crude Protein) % H&
(Starch)

@ oluxal FHA ¢2hd(Alanine; Ala), Al2H|U(Cysteine; Cys), ofxu=ZEA
(Aspartic acid; Asp), Z-F%4HGlutamic acid; Glu), #|'€ ¥2+d(Phenylalanine; Phe), &
g}o] Al(Glycine; Gly), 3]2~E]d(Histidine; His), o}o]aFAl(soleucine; Ile), z}o]4l
(Lysine; Lys), F4l(Leucine; Lew), ¥lE]2d(Methionine; Met), =& & (Proline; Pro), o}
27 d(Arginine; Arg), Al @ (Serine; Ser), E# 2 (Threonine; Thr), W& (Valine; Val),
EY EI(Tryptophan; Trp), Eto]Z4I(Tyrosine; Tyr)

O Ats4dE AU

O GRHAEE - AAE A 7HE RS IR £42 AOAC(1990)8] AR o
2+l 2. NDF, ADF 2 ADL #2J& Goering and Van Soest(1979)H ol 2]s) A]
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@ TIN5 AR BB AR BAe ABREFEANTHR015)Y EANHo g s
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@ CNCPS(Cornell Net Carbohydrate and Protein System)ol] =23k A4 &
. Soluble Protein, NPN, NDICP @ ACICP+= Licitra et al. (1996)°ll 4 =] A| g+
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@ obvlt BA : obulite AREZFEAPRQSANA AAT BAPYS T

A 7P EAEY] AW R BMATE F 4-24 o AASAS
2 g CPEEe 7tz 6.7 @ 7.8%=2 S59 CPaEFol 8.46%(3
ANBAHEE, 2012) B} 23 WPA v, 782 A A E(mon free extract;NFE)SHaF
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ul7k Ae)7] 857  7.8+01 09400 2.6-+0.0 0.0+0.2 29.3+0.7 10403 0.3+0.1

*DM : Dry Matter; CP : Crude Protein; ASH : Crude Ash; EE : Ether Extract; CF : Crude
Fiber; NDF : Neutral Detergent Fiber; ADF : Acid Detergent Fiber; ADL : Acid Detergent
Lignin.

AR BN E & 4-25 o AASHA S
Z

DM cP ASH EE CF NDF ADE ADL
e — e ) ——
ul7k 872 143+0.0 9.9+01 16.0+0.1 6.9+05 39.2+04 133+04 51+0.2

*DM : Dry Matter; CP : Crude Protein; ASH : Crude Ash; EE : Ether Extract; CF : Crude
Fiber; NDF : Neutral Detergent Fiber; ADF : Acid Detergent Fiber; ADL : Acid Detergent
Lignin.
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27.3 B 145%% AAst] £ AFHOE 3e FEolde. & Fakee] A @d
°] E%QO& o] ARSI R /\l = A 7 As AoE AAE.

- Abk Fab=e) 4§ CP, ASH 5 EEgHEFo] 7h2f 2.9, 25 5 4.0%°]1 A#3 £3)
& NDF 3! ADF&H&Fe Z47F 20.1, 15.6% = = 5(2003)° w=m ALaE qb2hel A
= =9 CP, ASH 3! EESH&ol ZZF 4.6, 1.9, 4.8%= £ Aol Hot
CPgraFe o ASH, EEZ#2 watem NDF 3 ADFeFgFe 242F 355 3 30.6%
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Z Ho= 5

S Jo HarEo CP, ASH 9 EE stk 717} 4.3, 4.7 ¥ 21%=2 2 AT >
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- oA gl AF HaAEe CPEEol 47 64 9 5.6%% whivk RatEe] CPEHE
Hope G selel s id=its 52 Z\OE e = 277 b= A i
£32<l CF, NDF % ADF#&e 242 10.6, 184 2 128%% Atd R4bEe) 4f4
83 nlsston A4S Fabse]l 4§ CF, NDF 81 ADFgHgFo] 747} 16.8, 26.3
B 204%% W) R A S8 vssids

- Mg BAEe OE FdvbeRabEel wsiA CP, ASH 3L A3 £89 w2 7
Fol A+

- 7191 F4b=e] CF, NDF 81 ADF&aFo] 74zh 22.7, 417 3 33.0%% 3+ F-4b=3h
Al o= Hal.

- A8 FabEe) CPgEel 89%§ iy ks Hoes w2 0% Holn Hf
4 g2 32 Aow yehet

- IRl EHAb=e A 14(2017)01] wh2™ CP, EE ¥ ASH #h&o] 747} 5.7, 1.2
B49%E 2 AT v FEFES UERoH NDF 5 ADF 32 72 39.4 %
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DM CP ASH EE CF NDF ADF ADL
% e D —————
o 227 50400 52402 11401 156+06 434+13 30.1+0.7 22.5+06
=
frn 196 29400 25+01 4.0+04 7.0+00 20.1£52 156+4.6 8.2+45
=

18.0 39x0.2 32+00 0.8=%=0.1 20.2+24 292+16 21.0x1.1 7.7=0.2

b
[\
3
o
_|_
o

259 7.5%x0.0 55=x0.1 Ty 337x11 51.1+08 40402 19.9+0.2
8.8 76+0.1 14.8+02. 6.4*0.0 13.7+£0.0 422x15 29.6+10 14.5*0.6

248 64+00 3.2+01 17+00 106=*0.1 18.4+05 128%+0.1 0.3%+0.3

oo 3o Lot o

6.6 125x02 123+02. 1.7+01 23.8+0.3 46.0x12 333+1.4 10.9+£0.2

il

25.2  56+01 33x0.0 13+01 16.8%£0.1 26.3+0.7 204%=03 0.6%=0.5
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*DM : Dry Matter; CP : Crude Protein; ASH : Crude Ash; EE : Ether Extract; CF : Crude
Fiber; NDF : Neutral Detergent Fiber; ADF : Acid Detergent Fiber; ADL : Acid Detergent
Lignin.
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st Ao = A7ty
T 4-27. A2 E RS VAR

DM CP ASH EE CF NDF ADF ADL

% = e % of DM —————————————— o ———
2=}
“ 3.6 9.3£0.3 269+18 18+03 26.2+0.0 36.7+x14 275+0.8 51%+2.6
HAE
EnE
BAHE 5.4 154+00 8.3+£0.2 3.2+0.2 16.8+0.2 295+13 22.7%x0.6 84+17
#HAL=)
9
" 11.8 13.8+£0.1 93+0.0 2.7£06 21.9+£0.3 37.3%x0.1 28.6+£0.8 11.7+04
B
A}
" 134 18.6£0.0 105%x11 0.6£0.1 86*£02 438%x12 16.1£0.0 45%0.0
RALE
270}

32.7 46=%0.0 6.2+00 1.9+01 4.4+01 35.7+14 8.6=%0.6 2.6+0.2
RAE
H =
I 88 126%x0.8 129+01 34+£0.2 10.8+08 68.4+24 582*x21 7.2+05
i

*DM : Dry Matter; CP : Crude Protein; ASH : Crude Ash; EE : Ether Extract; CF : Crude
Fiber; NDF : Neutral Detergent Fiber; ADF : Acid Detergent Fiber; ADL : Acid Detergent
Lignin.

FrhERAE S AN R E4A T E 4-28 o AR
3 7Yzt 164, 2.8 B 6.5%0]™ dxHE=ARAE

7] =
37 2 11.2%0) A CP 2 ASH3@e a1 EES

DM CpP ASH EE CF NDF ADF ADL
7 — ) ——————
H] 7] 88  164+02 28+0.0 65+0.1 187402 475+15 240+05 2.8+0.6

*DM : Dry Matter; CP : Crude Protein; ASH : Crude Ash; EE : Ether Extract; CF : Crude
Fiber; NDF : Neutral Detergent Fiber; ADF : Acid Detergent Fiber; ADL : Acid Detergent
Lignin.
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@ HAFAEF
b AF
@ AHF F2t - 7bEEAEY] AN R ENAYE 3 4-29 o AASA S
- &5 FARE(A)e] CP, ASH ¥ EES &2 247+ 9.6, 8.0 ¥ 17%% et owH
SEFZALE AR E(2012)¢] CP, ASH ‘; EE3t&o] 247+ 5.7, 135 & 1.2%% ASHZ
A Qlstes F3 ‘;%% Hno= Ure} S, w3, A2 239l CF, NDF 2 ADF &
& 7}z 28.0, 61.8 2 30.4% ¥ /\}E %3(2012)91 CF, NDF @ ADF3}&o] 7z}
7} 43.2, 65.5 9 42.3% £ 01%4 ﬁﬂrﬂv‘ﬁ 33w ZA0E UERSS
- E7) R4HE9 CP, ASH ¥ EE3teFo] z+zt 12,9, 6.6 ¥ 6.1%08 & FAE(Z7))
o} HZ=3 £&2S JEAS. 3 NDF 9 ADFEeFe zh7t 34.4, 55.7 2 40.7%=
S5y FAEMDEGE J2 Ao2 e
- EntE REAE(E7))Y CP, ASH @ EEg#He zZ+zt 117, 121 2 11%°ld, 2
(2015)°0] A A3 CP, ASH 2 EEZeFS zbzh 189, 15.74 2 2.65%% RE 3o A]
T oS =3 HAFd 282 CF, NDF ¥ ADF&&F2 742k 34.1, 47.2 2 37.5%
2 Z@0157F AAT A Boh F3] E2 FEolE. 53 EvE FAEEIDE
1~2Y AL st ALEAZR AR S AF FH FAE dAAYSR ALE
o] 7}ed Aoz A7tE.
-3 HAP%(%HM CP, ASH 2 EE3 o] ztz} 9.8, 75 ¥ 1.0%E 3IFEZAE
ABF(2012)¢] BE=7]9 CP, ASH 9 EEZ+-=Folztzt 107, 9.9 @ 152 u|%=3 4
F& UEIA S ‘Iﬂ T PAE(E7DY AFd &90] CF, NDF ¥ ADF3gteFo] 747}
39.2, 63.6 F 44.2%= T2 AFO T4 - VPEFEAERDG 2 A0E YES.
© IF B FERAES AREY FEFo] Eof WFUtEe AR AR
o7 ggo] 7ted AR AZH.
#4-29. MR Fak - VbE RS e] dWNAE
DM CP ASH EE CF NDF ADF ADL
I D D ———————
S
RS 260 9.6+03 80+0.2 17400 28.0+0.1 61.8+0.2 304+0.1 2.7+0.2
()
i?% 703 12.9+0.0 66+03 51+.0 34305 557+10 40708 124+1.1
EnE
BAE 153 117402 121£05 11405 341+11 472403 37.5+£05 6.9+0.1
(7))
BAE 356 98+02 75+00 1.0%0.2 39.2+0.3 636+11 442405 9.9+0.1
(7))
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*DM : Dry Matter; CP : Crude Protein; ASH : Crude Ash; EE : Ether Extract; CF : Crude
Fiber; NDF : Neutral Detergent Fiber; ADF : Acid Detergent Fiber; ADL : Acid Detergent
Lignin.
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Fob RAEE AAL AGH] PaAe FFol Eobdl AR ME Ao A7
P} RAES AT AE A ASHAFS Fa A L 5 UL A0 4

© 7E B4 IBEAE F AN PN A AY Pl Bu A4E FFE
FRste] WETlEe] ARARE AHgol Fsd Ao A2
£ 4-30. 716} A FBRAES] QU R
DM CP ASH EE CF NDF ADF ADL
7 — D ———

o
>
ot b

26.0 6.4=+01 39+01 14+00 240+£04 725+13 31.0%£0.2 7.4%0.7

(&)
S5
BAE 255 43403  3.6+01 10400 28.0+0.2 727+12 304402 19+0.1
A4)
vhs
BB 6.6 12.5+0.2 12032i 17401 238403 46.0+12 333+14 10.9+0.2
(A2)
vhs
BAE 180 112401 124402 07400 103+03 236425 182+17 15+0.1
(&7))
BE

355 141400 09400 107403 241409 661463 32.6+30 11.6=0.6
BAHE
2
BaE 872 101401 102+01 00400 14.0+08 541407 258405 33+37
(27 o))
j 121 38+02 141+12 13402 186402 324405 258+05 3.0+0.3
HALE
¥t
. 160 51+00 7.8+01 1.1+01 27.6+03 40.8+0.1 323400 2.8+0.8
T =

*DM : Dry Matter; CP : Crude Protein; ASH : Crude Ash; EE : Ether Extract; CF : Crude
Fiber; NDF : Neutral Detergent Fiber; ADF : Acid Detergent Fiber; ADL : Acid Detergent
Lignin.
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=7 B4 S EANEY FUIEAEA AFe £ 4-319 AAEA =
719] Ca, K 2 P2] o] ztzt 0.008, 0.176 2 0.130%°]T w7 ®}7]
Z2F 0.04, 0.350 2 0.315%% Uebde. SRR EARAEEQIDNA A S
Ca, K ® Po] stzFe 717 0.01, 0.56 & 0.27%= ¥ Aol & 9 wZag)r| & o
Ca 2 K$t#Fe =3 P gF & Agriigs =1 v Ay Bges 32 Ao

Ca K P
_________________________ % _ - - e
2 A 7] 0.008+0.01 0.176 +0.01 0.130+0.11
v] 7k A2l 7] 0.004+0.00 0.350+0.02 0.315+0.03

@b
@ ul7Fe] Ca, K & P9l &aFe z+z: 0.099, 2.781 ¥ 3.147% 2 LT ZASAHER
(2012)) A AAE 0.08, 2.07 L 2.15%R T} 3] =4 JERGS.

____________________ % - - - ——————
el 0.099+0.03 2.781+0.53 3.147+0.64

@ HATEE RS
O FA7heRAbEe FUISAEA Ades & 4-33 o AAMSHE
-z 2 pe] FFe 77+ 0.085, 1.330 2 0.100% ©= 31(2016)°l A

0.09%Z B A9l n$d A Jely e,

SAEEQOI)ANA AATE Cazt Pof diFo] Z4zf 229 9 0.12%=2 & A9 A3

2 PO e 27 0.774, 1.097 2 0.067%= Cae # ¥

= =4
=3, K 5 Po] &2 wf FAbEs mlstt A%FE B
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} 0.036, 0.053 2 1.068%Elrt Po] gFaFol

- u) B2kEe Ca, K

1i
=

KeN
=g

ol

=

pe] gHafol

o)
=

steFo] Cayt P
Ca, K

3)

- 719] HarEe Kol

on
BR

o

‘_Lmo

il

4-33. FANBFRARY F1EA

-
st

% -
1.330+0.13
0.837£0.14

Ca
0.085+0.01
0.038+0.01
0.036+0.01
0.039+0.10
0.320+0.10
0.576+0.12
1.493+0.21
0.774+0.09
0.296+0.03
0.586+0.04
0.553+0.12

0.100%0.00
0.070£0.01
0.053%0.01
0.218+0.02
0.176 =0.01
0.066+0.02
0.793%0.09
0.067%0.01
0.149+0.03
0.223%0.03
0.228+0.04

al
il

N

1.068+0.04
2.424+0.32
7.691+£1.52
0.845+0.15
5.161£0.57

ol

il
o

1.097+0.14
2.360+0.16
1.947+0.15
1.810+0.31

A

il
o

ai

il
o}

—_—

™

ol

-
il

=y

0.361%= Ca

=i
=

0.289, 3.051

4-34 of AA
1

hyA
ar

|

—

A3}
Po] gare

=i
=

- EntE RS L9 Ca, K

on

g

A SEA Yed

1.170% 2 Yer 247}

ol
=

pe] ghaFo] Zbzt 1.504, 2.862

)
=
aF4akE FollA Ca, K 3 PY

=2 Ca K

%)
I+

_ZU

Fol a7t RAE SolA 7 Sk AIRE Ko

3}
=

3.600% =

]
L

o

UERA A=

oy

Fol

3)
=

0.2443% = P2

wul
=

1.042, 2.728

!
e

K
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X0

- 407 -




3 4-34. ATt RAEe) FUIEAE

Ca K P
_________________________ % - - [,
Ful BALE 0.508+0.06 10.620+0.35 0.881+£0.04
EnE BAEFHLET) 0.289+0.09 3.051+0.59 0.361£0.02
e HAE 1.504+0.40 2.862+0.10 1.170£0.24
A FAE 0.183+0.03 3.600+0.51 0.269+0.06
Aol BAE 0.424+0.09 2.569+0.46 0.189+0.03
& FAE 1.042+0.11 2.728+0.22 0.243+£0.01
@ TR HTRAE
O FF 7MEFEAESY FUEREY AYE & 4-35 o AA A
- H]X]f’/] A$ Ca, K ¥ P9 gtFo] Z+ZF 0.316, 0.863 F 0.197% =% 3= EFAIEA
F(2012)o A1 A AT Ca, K 2 Po] ghgFo] Z+ZF 0.38, 2.02 2 0.52%= B A9
@47} 8 W Aow Yete
® 4-35. FRFFHAES FI1BAE
Ca K P
____________________ % - - - —————
H] %] 0.316+0.03 0.863+0.07 0.197+0.01

@b 7F

Q AF 4t S RAEY FUIEREA Aae &E 4-36 o AR

- S BAHE)DY Ca, K 2 P 3haF2 2k 0.440, 1.856 % 0.293% % =3
TAEAEEQ012) A AAT Ca, K B Po] ko] 0.31, 2.62 2 0.12%3 Wl w3}
o Ca 3 PFE2 ¥ Ko &F2 &2 AL=E Yey+

- 27 FAHEe] Ca, K ¥ Po &2 Z47; 0562, 2.727 2 0.267%%2 FF o= K
ol =

Aoz YEES.
A (%7])«] 74 Ca, K & Pe] gaFo] Z+Z} 1.367, 4.455 2 0.234%=

fm

i)

f
rL 4o rlo

IAF FA - FFRARFNA Ca @ KFFo| P wor] Pl FFE S35 R
QECDS: B SR AT 2L FOAAE,
- & FAH=E(E7D9] Ca, K 2 P &k 7z 1.000, 2441 2 0.127%°]H =3k

o
FARAEEQ012H FFZE7] Ca, K
Z K 2 P e tor CafdFe
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Ca K P
____________________ % - - - —_—————
G kg () 0.440+0.09 1.856+0.35 0.293+0.05
ke 0.562+0.15 2.727+0.60 0.267+0.06
PAE(E7]) 1.367+0.13 4.455+0.70 0.234+0.04
PAE(E]) 1.000+0.10 2.441+0.19 0.127+0.01
@ 71et
Q 718t F4t - Tk RabE e FUlEdEY Ads & 4-37 o AAEAE.
- Sy FEEd ) A Sdief Ca, KR OPe RS A7 0.035, L077 3
0.315%= Ca®] o] wgtoem el Ca, K 9 P g2 247k 0.204, 0.794 2
0.188%Z &thutt Cad ¥ 2

o =0
- mbesatE(gdE 2 E7DA4 Ca, K % P«l F2 0.752, 1.414 2 0.355%°] 3L
=719 Ca, K 2 PY gF22 ZIL-.L 1.534, 2.601 & 0.495%% =7]NA EE =
o] &3] A et

- Ao PAE] Ca, K © Po a8 0.117, 0482 % 0.100%= 7|e} &4k - 7ha5
AR Zo A G TS KO,

- A BAE(EADS Ca, K € Po saFe2+7; 0.115, 0.727 2 0.482%= Ca2 7
3 BB K $45 PABEDG Pe g Ex uls BAR(EI)Y w£d
A=

- 7 RAEL Pel FFol FUH o e FAF vehd,
- o5} RabEol Ca, K % PO $Fee 1631, 2601 B 0495%2 vHs R4hE(E
NS} PRI R 5o FUE S e,

Ca K P
____________________ % - - - —————
ST FAHEE) 0.035+0.01 1.077£0.11 0.315+0.05
ST FAEEA) 0.204+0.02 0.794+0.07 0.188+0.02
s FA=E(EAE) 0.752+0.06 1.414+0.14 0.355+0.02
s FAE(E7)) 1.534+0.14 2.601£0.17 0.495+0.05
713 FAbE 0.117+0.00 0.482+0.04 0.100+0.02
2 FAbE(FA o)) 0.115+0.02 0.727+0.10 0.482+0.09
R 0.765+0.09 0.983+0.05 0.067+0.02
& FAHE 1.631+0.19 2.601+0.17 0.495+0.05

O &4t - 7hgH4E) CNCPSZR28) F5317] & AsAREA.

) e
14
1 :ﬁu

=
of
23
N
N
o
X
2

Eo] CNCPSEA ZA¥= % 4-38 o AASHL.
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D 2 A7) D v 7371 9] Soluble Protein$ts& Z+z; 69.3 ¥ 23.2%= 2 A
717F =4 eSS 33 2449 Soluble Proteind#& 11~12%(3+=7} =AU R
F-A4, 20122 & Ariet v ARt 3e AoE HAS. EI NPNEZF
S 7 SAS R T-A A(2012)00 4 A AIFE 7T3.0%ET B AT A Ay 2w
A 717F 338 2 AR B, FHTFAIYEFZ-H Q012004 A A &
4= NDICP % ADICPg#-& 747}t 15.0 2 4.0~5.0%% & 7] 2 v} A7) B
3] A e S5 whilldo] gl 2 Ay 9 v AUt &
o

EENES) rno :

Aoz M7hE. Starch FFS 557t 97.5-98. 5%(%}%7}%/\} FEFE-B A4

AU L A ARG FE AR JERS. olsf 2E AN SEay
7] B oE G A Rl 45 W)
Wl A% pHAEol gle HoE

A<
.Q_._'_
=0

2L

O

fr
Jb
_\,L

-
AC)
2
I
2
&
(il

i ¢
o

7,

F 4-38. ZF FAL- 7HFRARES) ONCPS®4 23

Soluble
CP ) NPN NDICP ADICP Starch
Protein
% of
% of DM % of CP Soluble % of CP % of CP % of NSC
Protein
A 6.7+0.0 69.3+1.9 0.5+1.3 40.1£5.9 20.1+3.3 67.6+4.4
w7 A2 7] 7.8%0.1 23.2+2.8 13.6x1.1 38.7£7.3 22.4+0.7 69.0+0.3

*CP : Crude Protein; NPN : Non Protein Nitrates; NDICP : Neutral Detergent Insoluble
Crude Protein; ADICP : Acid Detergent Insoluble Crude Protein.

b A7/ T4 - 7FERAFES] CNCPS l"ﬁ:—i A= & 4-39 o AATA =

@ w)7+9] Soluble Protein 2! NPN&&Fo] Z+zb 56.4 ¥ 11.4% = S 7}=ASES-
2 2=(2012)90 A A A3 o] Z+zt 40 Z 80%E Soluble Proteine ¥ Aol =
A YEFSt o™ NPN2 B2 AFolA @A vebyks. =3 NDICP 2 ADICP#E2 2t
7} 38.3 2 55%% =H, SH7FEASFRET-AA4(2012)00 4] A A S NDICP % ADICP3
2o 7+7y 155~47.0% 2 2.0~3.1%% YEeEY BV gkt Aoz Azhe. Starchgt
e TFAA 16.2% =2 SF7IFASFEZ-ZA2Q012) R0 22 T4 9=

D>

re
re

® 4-39. Z9F w4 - 7bERAEe] CNCPSEA 23}

Soluble
CP i NPN NDICP ADICP Starch
Protein
% of
% of DM % of CP Soluble % of CP % of CP % of NSC
Protein
=1 PAs 14.3+0.0 56.4+8.8 11.4+0.4 38.3+4.7 55+2.3 16.2+1.0

*CP : Crude Protein; NPN : Non Protein Nitrates; NDICP : Neutral Detergent Insoluble
Crude Protein; ADICP : Acid Detergent Insoluble Crude Protein.
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HATFFEAE ] CNCPSEA] AxtsE & 4-40 o AASHE S
- 7} BAE 9 719 BEAES NDICP @ ADICP#EFo] ol ALE7}x|7F Be Ao

=
- Abg FEAES Soluble Protein @ NPNgHeRe- 747}

o 247y 25.8% 2 25.4%R[+=Hl, =7}
FSAFGRE - AQ2012)00 4 A S-S 72 11.0 2 100.0%= Soluble Proteingt
Fe B ATolA =RAT NPNEZFS mj-¢- e zle = AZbE. NDICP ¥ ADCIP
ol M

B Ao Ayt A7 528 ¥ 56.6%E UEIS =T, R TtSAIS RS-
F2(2012)001 4 AAIS A Bt 33 =2 A3 =S ADICPHEo] =2 A=
Hl =gk Aaks Bols.

- o}lR7}lE BEAES Soluble Protein, NPN, NDICP @ ADICP ko] z+z} 40.8,
26.7, 80.9 2 39.3% = 7+ FAERTI gz o] 8go] ELAS Aow Ny,

- vl BAE-S Soluble Protein, NPN, NDICP 2 ADICP 3hefo] zbz} 25.2
66.4 2 35.8%% Z53 ABAHAES UM Roz AztE.

- "Wg BAZS uhy} FEaE ®r) Soluble Protein @ NPN 3t&Fo] 331 NDICP
9 ADICPEH2 wol B} fdo Agsad o= A7ty

- TelofZ BAE-S Soluble Protein 2 NPN&-&o] zZ+zF 77.0 9 59.7% % {5 +=
Sl o] =27k, NDICP ¥ ADICPREFE Eof tFo =z o] &37] OJE%E Ao=
A8

F 4-40. HA7VEHARE o] CNCPS&E4 23t

Soluble

CP i NPN NDICP ADICP Starch
Protein
% of
% of DM % of CP Soluble % of CP % of CP % of NSC
Protein
T BAE 50+0.0 11.3%£26 10.7+1.0 80.3£2.0 712+ 75 285+1.2
A FAbE 29+0.0 25.8+2.7 25.4+0.2 52.8+7.7 56.6+7.4 18.1+4.0
v FAHE 3.9+0.2 645%0.1 41.4+2.8 48.0+0.4 45.7+10.8 20.5+0.5
obuzte #ug 75200 08512 967416 809476  303+12  608+47
vy} HAbE 76+0.1 25.2+48 21.4+09 66.4+3.1 35.84+0.2 100
LHUA|] HAE 6.4+0.0 63.1£39 56.6+0.4 13.7+75 17.0+2.7 15.4+0.2
HE BAE 12.5+0.2 43.4+0.1 37.3+1.1 40.8+0.3 34.5+4.0 100
A FAbE 5.6+01 67.6t1.4 58.3+1.2 33.7£2.5 43.8+24 11.5+0.3
719l FAHE 50+0.1 24.7£0.6 18.6+2.4 92.5+17.8 79.1£174 23.0+0.5
g F4HE 8.9+0.1 77.7£0.3 73.1+0.3 24.2+1.3 29.1+6.5 70.2+2.4
3}l o & FAME 52+0.0 77.0%+2.0 59.7+2.5 55.0+2.3 52.4+3.9 29.5+1.6

*CP : Crude Protein; NPN : Non Protein Nitrates; NDICP : Neutral Detergent Insoluble
Crude Protein; ADICP : Acid Detergent Insoluble Crude Protein.
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A a7 ERAHES CNCPSEA A= £ 4-4190 AASHA =
- g8} B2AHE L Soluble Protein 2! NPN&aFo] 2hzF 43.1% 2 66.7%=Z eSO M,
NDICP3}eF2 99.8% % ADICPEZH & 24.3%E &aflHo] AUolA AHLE 4+ ds
g gheFo] g =& Aoz A, AEFFL 100.0% ©17] Wi gHEHIFA=
Tt Had Ao=w Azt

| A2 Aoz AyztEl NDICP % ADCIP &&°] 53.5%
W e U RAE N ¥e ZoE Az,
F4HE9] Soluble Protein % NPN&-&o] Zhz} 27.7 9 84.3%= Tz o] o]

&80 =2 ZAo=E Ayzby. =3 NDICP 9 ADICP&&o] 72t 59.7% 2 14.8%=

e ErtE BAds(d=Eng AsdEe] B 2 A= A4,
3 4-41. A a7bERAbE o] CNCPSA &
Soluble
Cp ) NPN NDICP ADICP Starch
Protein
% of
% of DM % of CP Soluble % of CP % of CP % of NSC
Protein
T FAkE 9.3£03 431+22 66.7+88 99.8+24 24.3+0.0 100.0
EntE RAHEEYE) 1564+£00  57.9+39 465+22 53.5+£68 16.2+1.3 77.0+8.9
e FAkE 13.8+0.1 55.9+0.8 46.4+05 25.4%+0.1 276=*19 55.6+1.8
22 FakE 18.6+0.0 52.6+1.1 43.8+0.1 26.7+7.7 14.3%+1.3 68.6x1.9
agup FAkE 46+£0.0 48.3%x86 14705 13.5+0.7 63.5£16.2 100
v 3 FAbE 126+0.8 27706 843*x24 59.7x14 14.8%+0.6 100
*CP : Crude Protein; NPN : Non Protein Nitrates; NDICP : Neutral Detergent Insoluble

Crude Protein; ADICP : Acid Detergent Insoluble Crude Protein.

@ FRINBRAE
S FFR/AFRAEE) ONCPSEA Aihe X 4-42 o ANHYL.

- H]A|= Soluble Protein, NPN, NDICP 2 ADICP&aFo] z+z} 32.3, 38.9, 36.8 &
13.6% 2 T Fo] o] g-go] ¥o AoZ AZH. o= H|AE Atsles T TASIE

Az e 29lel o3 Aoz M7y, w3k Starchdo] 100.0%2 Apgol )7}
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® 4-42. FR7VEHAE S CNCPS&E4 23

Soluble
CP . NPN NDICP ADICP Starch
Protein
% of
% of DM % of CP Soluble % of CP % of CP % of NSC
Protein
H] %] 16.4+0.2 32.3+2.7 38.9+6.4 36.8+2.7 13.6+1.1 100.0

*CP : Crude Protein; NPN : Non Protein Nitrates; NDICP : Neutral Detergent Insoluble
Crude Protein; ADICP : Acid Detergent Insoluble Crude Protein.

@ HHAF

b A7+

@ AFIEFFAFES CNCPSHA] A= 2-43 o A lﬂ‘%‘%

- &5 BAE(Y A9 Soluble Protein, NPN3F&ko] z+zF 28.6 & 25.9%= 3=
7+ A 3

FIEF-212:(2012)91 A1 Rt} Solubel Protein$l#-& %_—‘*:EL NPNE#H & A

o7 YehykS. =3 NDICP 2 ADICPEEFo] Z+z; 39.7 2 15

F-A 2201204 BT} Zof T@uiFo]go] EX] 2 oz A7H.

- EvlE BE2E(&7])+= Soluble Protein @ NPN#FgFo| Z+zf 555 2 47.2% = JEF

U oA o] o]&Ea e FAES ¥ Az FEFo] Zbzt 259 ¥

25.4%= Soluble Protein % NPN3teko] H AFoA &
1

rlr
FN«
il
=
i_:“

Pg(gﬂ)ﬂ il ZH /Ml

3 4-43. A7 Et - e abE S CNCPSE4 A3t

Soluble
CP ) NPN NDICP ADICP Starch
Protein
% of
% of DM % of CP Soluble % of CP % of CP % of NSC
Protein
S FAE) 9.6+0.3 28.6+t2.2 25.9+0.3 39.7£7.9 15.8+2.1 68.3+3.4
=7 BAME 12.9+0.0 18.5%5.3 8.1x0.5 20.5+1.9 15.7+1.7 20.9+0.9
EnE BAE(E7]) 11.7£0.2  55.5+5.8 47.2+1.0 37.2+1.9 10.3£0.9 59.0+1.0
I BAE(E7]) 9.8+0.2 68.7+2.3 22.7+15 278+11.0 13.2+1.6 47.3+1.0

*CP : Crude Protein; NPN : Non Protein Nitrates; NDICP : Neutral Detergent Insoluble
Crude Protein; ADICP : Acid Detergent Insoluble Crude Protein.

W 7]E

@ ZIEPZFEEAHES] CNCPSEA Ade= & 4-44 o AR

- g HAE(EY 9 AE)Ee £019 Soluble Proteindlto] AR BT Fo
ADICPEF&Fo] o} &7l AART = AR R £ Ho2 vohg.

&
- 7y BEAHE9 Soluble Protein®} NPN3Feko] zhzh 47.0 2 28.8%°]x NDICP %
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— =
A BRGE FoAE B Wow AZE. ey ADICPEC] o} of

AF
-

817 Rt wudo] Be Zow Az,
A}
-

- & BAE(ZAo])2 Soluble Protein 2 NPNghaFo] z+7; 351 2 6.6%= S7H3 o
2 o848 4 v vuAPFe He o Azky. T2 NDICP 3 ADICPE
o 747} 89.6 L 110%E 7hEo] o] 43 4 ' wMEe 2o Ao A7ty
- &3 F4bE2 NDICP 2 ADICP#&EFo] Z+zh 514 % 40.0%= 718€ &+ = o
07 o] He oz 7y,
® 4-44. 718} 4 - 7HEEAE Y CNCPSEA] A3
Soluble
CP . NPN NDICP ADICP Starch
Protein
% of
% of DM % of CP Soluble % of CP % of CP % of NSC
Protein
S FAHEE) 6.4+0.1 50.2+£85 23.3+2.8 483+58 16.0+2.7 80.3%+0.2
S BAEMEAE) 4.3+0.3 31.7+3.7 32.4+44 62.1+2.0 24.4+12 73.1+0.9
s FAEEAE) 12.5+0.2 69.4+29 565+0.5 10.6+6.3 248+6.6 16.4+1.1
s FAbE(E7]) 11.2+0.1 58.8+1.6 49.4+14 48.3+2.6 22.4+1.2 37.0+1.2
Ay RAHE 14.1+0.0 47.0+9.2 28.8+6.2 68.9+51 34.84+0.3 83.6+3.5
& BAHE(EA 0] 10.1+0.1 351+£71 6.6+0.9 89.6+09 11.0+40 12.3+138
o RAHE 3.8+£0.2 -b -b 89.3+4.3 43.9+55  438+16
¥t RAHE 5.1+0.0 494+1.1 39.1+0.7 514+24 40.0=1.0 29.9+2.0
V- AzgA @
*CP : Crude Protein; NPN : Non Protein Nitrates; NDICP : Neutral Detergent Insoluble

Crude Protein; ADICP : Acid Detergent Insoluble Crude Protein.

D 9A BAst] AN Ak FEEAE 33H FolA AR R ST B
=t 3}

@ 1052 2 A7), v7F A7), w4, & FAadbe, olRrt: ik, vivy BAtkE,
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0.34%= 2 A7) 2 w1 7; e 7] ol A
@ Ao

2 A 1A 3o}y

1_/\]_0

LysSl} Metol o,

B A = pud
Lys& EHPE FAbE(E7De wiFRAEd A 7 =4 UEist e Mete w4+
n 7 Azl 2 & AYrloA =& AoE UEYS.
Arge dubz o= Fepotu|inal FolA ARE FHSLY] ojEe ofpjkito® #
AFolA A 4 - 7S RAE F Argo] 2 SAWE UEstd mA, Wi F
e g BEulE BAREE B AARAER AR A F2 Aow g7,
Q@ Add 1059 w4 7tERAE 5 A, BEvtE FbE(ET) 3 A3 FAHES
Aol 7HE £ ZoE AdH.
¥ 4-45. AgE w4 - b RARE 1059 obn| At 24
g wg Lo @ opze g edA ENE mE A
A2 7] Aef 7] ¢ FAE BEiE FEAE RIS (=) BAHE RAHE
- - e % - - - - - _——
Met 0.16 0.17 0.17  0.05 0.06 0.05 0.06 0.08 0.10 0.10
Lys 0.21 0.25 0.36  0.02 0.33 0.15 0.27 0.51 0.51 0.13
Arg 045 0.53 0.74 0.03 0.22 0.16 0.33 0.51 0.63 0.36
Thr  0.20 0.24 0.50 0.20 0.24 0.20 0.17 0.38 0.50 0.24
Leu 0.47 0.49 0.80 0.23 0.36 0.29 0.26 0.66 0.77 0.85
lle 0.22 0.23 0.40 0.17 0.20 0.17 0.16 0.38 041 0.35
Val 0.31 0.34 0.69 0.18 0.30 0.26 0.23 0.53 0.58 0.55
His 0.13 0.15 0.28 0.04 0.14 0.10 0.11 0.18 0.24 0.16
Phe 0.29 0.30 0.52 0.20 0.21 0.22 0.22 0.47 0.49 0.52
Trp  0.06 0.07 0.11 0.05 0.09 0.05 0.04 0.12 0.15 0.12
Cys 0.15 0.17 0.27 0.06 0.06 0.08 0.05 0.15 0.09 0.06
Asp  0.54 0.59 1.16 0.42 0.63 0.42 0.67 0.96 0.96 0.75
Ser 0.27 0.3 0.53 0.16 0.32 0.22 0.19 0.46 0.47 0.18
Glu  0.98 1.01 1.45 0.38 0.69 0.66 0.41 1.41 1.21 1.89
Pro  0.29 0.31 0.62 0.24 0.37 0.24 0.58 0.51 0.57 0.57
Gly 0.27 0.32 0.68 0.23 0.28 0.26 0.23 0.51 0.59 0.59
Ala 0.34 0.39 0.80 0.23 0.39 0.27 0.26 0.52 0.60 0.48
Tyr  0.20 0.23 0.21 0.06 0.05 0.09 0.10 0.21 0.15 0.20
* Met : W E] 2, Methionine; Lys : 2Fo]4l, Lysine; Arg : o}27]4d, Arginine; Thr : EF <
d, Threonine; Leu : F4I, Leucine; lle : o}o]A&F/Al, Isoleucine; Val : ®#,Valine; His : 3]
2~E]d, Histidine; Phe : #|€¥2}d, Phenylalanine; Trp : EYE3, Tryptophan; Cys : Al
B <1,Cysteine; Asp ofx~3= E4F, Aspartic acid; Ser : M ®, Serine; Glu : &FH4H
Glutamic acid; Pro : Z &%, Proline; Gly : &&}o]4l, Glycine; Ala : ¢&ghd, Alanine; Tyr :

Efo] 24,

Tyrosine.
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G 20179 59 219 ~ 8% 15U(88%)
@ 237
G S £ FA4S 107 @HEALH 112 + 24,3 FAF 2821 + 110.4kg)
@ dPE2
O Zddigtn fusyg FAHELE EHA AES HEE2 81-10)
@ A
O FFARFAF] 10%E vIA#AH712 thal Fof(Top-dressing) st -
L EAEE FRZNA Folste EARE FoE
© Fo% IARE 5Y 2197 H 7% 34 7HA AL YAE Fosislen, 74
UYFE 8L17L7HA THALHAE FA3A S

@ w
>
Hl
il
2
oft

I ALSALSFEZ-TF-(2012) 01 A 1Y FA o] 1.0kg7 &= &8t F

ook

1--

o ®qg
Iy
>
oo
i

- DM, CF, DP, EE, Ash, NDF & ADF

O MAE AF

- AR A E 7 18 AA(F 23)

© ArEHHAF

- 1047402 138 (24A12he] A HFS 93] ZAMS

- A A A TN ALREZRE AHEd F 8AE 2
A

F AN A AARE FostRier ted 2 TA %

Q@ 23 9 v

QD g% AlRY R RE A= 3
O AYAAIEZE FZAA Fost= %3‘? }Eg‘r x%EHLoﬂ FTEARE v A7
2 AT st S

© FFALEAE dibhl AL EA Y A& o
Al A e] CPEHF2 7.6%= %%E%/\}E%%E(ZOIZMW A A gk
o, CF, NDF 2 ADF&-#e zbzb 40.9, 78.8 @ 45.7%% F=+ T FA}
A AAGE A BRo BF Fof FHo] B EARE A74E.

@ THAYERA ARl A A AETF oz AE. LAY EA Y
CPEHFe 12.9%= %#7@ SUALE A CPgHEFo] 11.3%(F= ZFE=ALSAA R,
2012) Rt} & Ao E Yeyon, CFHFS 579 SHAYEART vol oF
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de] EARE A4H

F 4-46. APFA Pl AFERE AFR S AFRA R

DM CP ASH EE CF NDF ADF
I % Of DM —-----mmmmmmmmmmmme
o 1 %) A}
FEAE 893 168%£0.2 7.7%x03 26+£0.2 96+01 44.6+2.2 157+0.7
=] AS
85.7 7.8%x0.1 09+00 26=%0.0 0.0x£0.2 29.3+0.7 1.0=x0.3
A2 71
SALE
S
534 76=%x0.0 98+04 20x£0.1 409+02 788+20 45.7+05
Arl el A
=9
43.4 129+00 6.6x0.2 33%x0.3 345+03 66.0+00 37.4+0.5
A 2] A

*DM : Dry Matter; CP : Crude Protein; ASH : Crude Ash; EE : Ether Extract; CF : Crude
Fiber; NDF : Neutral Detergent Fiber; ADF : Acid Detergent Fiber.

W MAE A=A ZF

QD txzT9 AT MAE AEASHAFE F 4-47 o] AASFAS.

© tzT2 AT AAE AUAAE A FS 242 417 2 4.23kg ©l1A =
© iz A7 AAE SAR AHAFS 747 35 2 3.53kgel AF.

447 AP AAE AE L @R HA T

. TIAN= A= - -
e —=xs BT EAE AT
month ~  —mmmmmmmmeee o kg of DM ———-----—————mmmmmm o

o =+ 11.0+2.7 4.17+1.74 A 3.50+0.19

A7 11.4+24 3.84+1.56 0.39+0.16 3.53%0.07

@ AAEEAF

S =T AT AABZAFE F 4-48 o AAFAL

O txzTo AS MAAFTe] H 281.5kgollA FAAFo] 368.3kgSZ  86.8kg©]
FARNS. AFFAFS L0kg2 ¥ 7N 2D FAYI e Aos e
Sk

© AT A MAAFo] 282.6kgollA FAAFo] 375.5kge = 92.9kgo] FA| =
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NS YFEAFe 11kgo & YRTRT & 24742 YA L.
@ 284y iz AgT e FelFd ztole YERUA 2okp<0.05), m1AdA-E
7l FARS dARES UAstY gt E FAIFlA & o7t fle AL
2 adE.
F® 4-48. 499 AW @ dGFATF
MA AZF =4 Az A SAF
_____________________ - kg - - S
o =+
1 439.0 515.6 0.9
2 374.0 421.0 0.5
3 226.0 326.5 1.2
4 194.5 297.0 1.2
5 174.0 281.5 1.3
B 281.5+117.9 368.3+98.5 1..0+0.3
A g
1 424.0 494.5 0.8
2 3735 460.0 1.0
3 277.0 3715 11
4 163.5 271.0 13
5 175.0 280.5 1.2
B 282.6+116.2 375.5+101.6 1.1+0.2

* el Al Aol7E /1 =(p>0.05)
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£ 4-50, A9E 550 F4- AFRATE ol gAH WE AmHFA F4 AR4E U

DM CcpP EE ASH CF NDF ADF TDN
% ) —

62.4 12.7 2.3 41 155 38.9 24.4 71.0
62.5 12.9 2.6 42 15.4 38.4 18.6 71.2
59.5 12.4 2.5 5.0 22.3 419 26.2 67.0
59.2 12.3 2.5 5.0 22.8 434 27.6 66.8
59.9 13.5 2.8 49 20.7 42.6 24.7 68.0
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6. AFA3} W<t

7L IT 71€S 883 39 ALY#E] Smart Farm System Application &3 wj&
(2 A

=7 30,0008 /€ 50,000%/&
o AdEgs AgEH

L 2=  of = =l W oy
se giop 5985 10% 300 179,550 2,154,600 299 250 3,591,000
T { e |
(59.850) 15 ges 30% 300 538,650 §.463 00 897,750 10.773.000
—— 10% 500 27 378 328,536 45,630 5 475 600
THIAME) o 30% 500 82134 985 608 136,890 1.642 680
s0-1005 o P40 10% 800 25200 302 400 42,000 504,000
DBA00) g 30% 800 75,600 507,200 126,000 1,612,000
1005 ol B10 10% 1,000 18,309 219,708 30,515 366 180
(6.10) 1,831 30% 1,000 54,927 659,124 51,545 1,098 540
B348 10% 250,437 3,005,244 417,395 5,008,740
w5
£
( ) 25048 30% E 751,311 9,015,732 1,252,185 15,026,220

7V, 2017 BAA)
(1) KU Smart Farming System-< A=)
(2) AFd™ wA 2 SFAH &8st &3
Q) eE2EY 2 9% AtHE

.

U 2E2EH 2 AdV|es 83 ARAFE A4 WE

2% T o=
D MgME  2EIAYHEAS
ALHE AES HAIA 33018 299
#% 3z 01y 15042l 36942l
e
BAE A BRI BEAE ol BEAE ol
#e3uZopd WS BUAE S BUAE 28
Agist A3t
o & Y 2 0.06% 21 : 0.04%
e AER TN 39 aguses 39 daEels
R 210 0.09% 201 0.06%
AR S BRIVAYNE  qodanses 39 d2MBYS
BUNE AL EIK BUAE 28 BEAE 28
#e3uzop s  BeYE oS BeAE gl

D 2E2EH 2 Ad7es T8 AAFS 2838t AFdst A
Q) 2E2EH X ARY 7154 ARHIMAE o8& AFGE AA
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A AR | YeAw AL

ARE 83 | O ICT 7]1€E ol &

}T s skl w4 W Fa, WPAN(Wireless Personal Area Network)”|<
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al., 1986; NRC, 1981; Escobosa et al., 1984, Muller et al., 1986; Di Costanzo et al., 1997;
Sontakke and Bisitha, 2013; Hess et al., 2008).
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