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Summary

I. Title

Development of Fatting technique for Hanwoo using Wormwood

(Artemisia montana Pampan) Silage

II. Purpose and Importance of Study

For success of livestock industry, it is important to reduce production cost
of livestock through stability of marketing and selling price, but roughage of
ruminents is regarded as more important thing.

Wormwood (Artemisia montana Pampan), that is a perennial plant that
grows and multiplies well, and contains various bio—active substances such as
alkaloid, essential oils, vitamine and essential minerals (P, Ca and Fe).

From the ancient times in Korea, it has been used as a edible vegetable
and a medicinal component of folk remedies and Chinese medical practices. In
addition, it was reported to be an anti—cancer, anti-malaria, anti—microbial
agent by many researchers. Recently, Ko et al (2001) reported that body
weight gain and meat quality in Hanwoo (Korean native beef cattle) steers
fed dried wormwood were increased. Especially, it was reported that the
concentration of docosahexaenoic acid (DHA; Cg) of the loin and top round
meat of the steers were progressively increased by feeding dried wormwood.

Therefore, this study was the first conducted to investigate, such as @ a
study on the growth characteristics, suitable harvesting time and essential oil
analysis of wormwood (Artemisia montana Pampan), @ effects of dietary
inclusion of wormwood (Artemisia montana Pampan) silage on the nutrient

digestibility and ruminal fermentation characteristics in sheep fed the diet



containing rice straw and concentrate and @ effects of dietary addition of
wormwood (Artemisia montana Pampan) silage on the performance, carcass
characteristics and fatty acid composition of muscle tissues of
Hanwoo(Korean cattle) steers, the functional feed development for beef
production as roughage source of ruminent using the bio—active substances in

wormwood (Artemisia montana Pampan) silage.

m. Contents and Extends of study

1. Contents

Exp.1 was conducted to evaluate the nutrient and bio-active materials of
wormwood silage. When the plant height of wormwood was 60~80 cm, it
was harvested and ensiled.

Exp. I was conducted to examine the nutrient digestibility and ruminal
fermentation characteristics in sheep fed diets containing four levels of
wormwood silage. For the experiment, they were given a basal diet consisting
of rice straw and concentrate mixed at a 37 ratio (DM basis). The
treatments were designed as a 4 x 4 Latin square design with four sheep
(50.24+2.3 kg body weight).

Exp. Il was conducted to examine the performance, carcass chracteristics,
physico—chemical properties and fatty acid composition of muscle tissues of
Hanwoo steers when they were fed diets containing four levels of wormwood
silage. Twenty Hanwoo steers (326£23kg) were allotted to one of four
dietary treatments, which were designed to progressively substitute

wormwood silage for 0, 5, 10 and 15% of the rice straw in the basal diet.

,Xi,



2. Extends and Investigated items of study

This study have done for 2 years ('01~'02). In first year, suitable
harvesting time and essential oil analysis of wormwood, and the nutrient

digestibility and ruminal fermentation characteristics in sheep were decided.

In second year, it was established the performance, carcass chracteristics,
physico-chemical properties and fatty acid composition of muscle tissues of

Hanwoo steers.

@® First year : Preparation of wormwood silage, nutrient content, chamical
composition, total-VFA and VBN, digestibilities (CP, CF, EE,
CA), ruminal pH and total VFA, and VBN, amount of
microbial-N synthesis, phenol compound (cathechol, caffeic
acid, vanillin, umbellinferone, protocatechuic acid, ferulic acid)
@® Second year : Feed composition, growth performance, feed intake, feed
conversion, dicision of suitable nutrient during the fatting
period, meat yield and quality grade, meat color, fat color,

fatty acid of loin—eye and top round, economic analisis.

IV. Results and Suggestion for practical use

1. Results

The results for 2 years study (2001-2003) are summarized as follows:

Exp. I : A study on the nutrient and bio-active materials of
wormwood (Artemisia montana Pampan)

- xXii -



(D When the plant height of wormwood was 60~80 cm, it was harvested and

@

®

@

ensiled. The wormwood silage was ensiled as good roughage.

CP and EE of the wormwood (16.20%, 4.20%) and wormwood silage
(16.14%, 4.11%) were higher than rice straw (5.39%, 1.48%).

The wormwood silage contains various bio—active materials. Flavonoid,
Phenolic acid and Vit. C were 2.34, 951 and 245.1%mg/g.

Electron donating ability and Nitrite-scavenging effect of wormwood silage

were very high.

Exp. I : Effects of dietary inclusion of wormwood (Artemisia montana

@

®

®

Pampan) silage on the nutrient digestibility and ruminal
fermentation characteristics in sheep fed the diet containing
rice straw and concentrate

The 10% and 15% wormwood silage inclusion increased (p<0.05)
digestibilities of crude protein (9.0%), ether extract (12.0%) and crude ash
(19.0%) compared with the 0 and 5% wormwood silage inclusion
treatment.

Dry matter intake (904.3~919.8g) of all treatments of wormwood silage
compared with the control treatment (780.2g).

Digestibility of organic matter, retained nitrogen ratio and ruminal
microbial protein synthesis were significantly improved (p<0.05) at the 5,
10 and 15% wormwood silage inclusion.

The ruminal pH in all treatment groups was rapidly decreased at 0.5 and
1 hr after feeding and ruminal ammonia nitrogen (RAN) in all treatment
groups were rapidly increased (p<0.05) at 0.5 hr after feeding and
decreased at 2 hr after feeding. RAN contents at 0.5, 1, 2 and 4 hr after
feeding were higher (p<0.05) in the 10 and 15% wormwood silage
inclusion groups than in the control group.

The ruminal concentration of acetic and propionic acid were higher
(p<0.05) in the 15% wormwood silage inclusion groups than in the

control group.
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Exp. I : Effects of dietary addition of wormwood (Artemisia montana
Pampan) silage on the performance, carcass characteristics
and fatty acid composition of muscle tissues of
Hanwoo(Korean cattle) steers

@D Body weight gain, feed intake of concentrate and feed conversion were
significantly improved (p<0.05) by the wormwood silage inclusion although
there were no differences between the increasing levels of wormwood
silage substitution.

@ Meat yield and quality of Hanwoo steers were significantly improved
(p<0.05) by the wormwood silage inclusion. Especially the loin-eye area
and marbling scores of steers fed wormwood silage were rapidly
increased(p<0.05) and backfat thickness was rapidly decreased (p<0.05).

@ It appeared that wormwood silage affects a increase in 03 fatty acid
content, and the 5% level significantly increased the docosahexaenoic acid
(DHA) and conjugated linoleic acid (CLA) content of loin and top round
muscle.

@ Feed cost per 1 kg of 10% wormwood silage treatment (5,535 won) was
the hisgest in the body weight gain and cut down expenses than control

silage treatment by 26% of feed cost.

2. Suggestion for practical use

Through 2 years study, the results that wormwood silage as roughage
source of ruminent was investigated such as @ a study on the suitable
harvesting time and essential oil analysis of wormwood (Artemisia montana
Pampan), @ effects on the feed value of wormwood (Artemisia montana
Pampan) silage in sheep and @ effects of dietary addition of wormwood
(Artemisia  montana Pampan) silage on the performance, carcass

characteristics of Hanwoo (Korean cattle) steers are as follow.
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It is concluded that the most suitable harvesting time of wormwood is
when wormwood is 60~80 cm tall. It is concluded that wormwood silage
improves digestibilities of some nutrients(CP, EE, CA, NFE and TDN) and
ruminal fermentation characteristics. And than, it is concluded that wormwood
silage is beneficial for improving body weight gain, feed conversion, and the
meat yield and quality of Hanwoo steers. There are a lot of benefits. But
there are a few of suggestion for practical use as follows to use wormwood

silage comfortably.

(D Because cutting period of wormwood for preparation of wormwood silage
1s regular, a lot of dust occur so treatment is difficult time schedule for
cutting of wormwood.

@ Land area of wormwood need to use and mass production of wormwood
comfortably at beside livestock farms.

@ Feeding effect of wormwood silage is very good, so positive publicity need
at farm throngh National Livestock Cooperatives Federation and Related
Research Institute.

@ Continuous study need to embody systematically the effect of wormwood

silage.
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| Wormwood silage extract |

| Homogenize |
|

Centrifuge
( 7,000 rpm, 15 min )

| Supernatants | | Residue |

| Adjust pH 25 |

MeOH 5ml
D.W 5 ml
0.0IN HCI5 ml
Preconditioned
Cigs Sep—pak
Unretained eluent Retained eluent
portion protion
Ascorbic acid Analytical
analysis portion

| 001N HCI 10 ml

Rinse
| 75% MeOH 10 ml

Evaporation

Phenolic acid
analysis

Fig. 1. Flow chart for analysis of Wormwood silage extract

Phenol & &2 Kozlowska 5(1983)3 Krygier 5(1982)¢] W+ S W &3}
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hammer mill #4712 Este], £ 2% 100gS SHF 3000ml= 33 3
3 F olAL 100mlZ 2 HFeAh o] A|EE Michael %(1994)0] AlA g
Cis Sep-Pak CartridgeE ©]&3 #2 WS 53] Phenolic portionZ} Ascorbic

portion® & E&sgg o EAEE Fig. 13 #Zt}

2) A A}&o] -8 (Electron donating ability)
Ak A e A 2FEES] AAFAREL 72 AR5 DPPH(e,a-diphenyl-B

2 24agn. 5 2%

ﬂJO

—picryl hydrazylol t3F Ax}Fo] T3z A5 44
2 02 mlel] 4x10 DPPH &% (absolute ethanole] &3f) 0.8 mE 7}3+ &

‘M
vortex mixer® 10x37F &3t 108 Wx & EF=AE AFEste] 525 nmol
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Z59 oldaty Rl Kato (19873 7 5(1987)9]
= #Zol 4389tk 1 mM NaNO; €9 2 mie] FEE 1
1 N HCI(pH 1.2), 02 M 7<%k ¢+5H(pH 3.0 % 6.0)=
Abgste] Hkggole pHE 747 1.2, 30 % 6002 ZAs B&gHo RuE
10 M2 3t o] A& 37 TollA 1A vzl & ZF vbgdS 1 iy FHs
o] 2% ZAHg 5 ml, Griess A2 (3E0% ZAtoz ZH7 ZAE 1% sulfanilic
acid®} 1% naphthylamine< 1 : 1 H&=2 &E%3 A ALg2A Z4) 04 S

Hehel & EFF T AeolA 1587 WA F EHFEAES Aol 520

N(%) = (1-(A-C)/B) x 100
(Nop2 At 2718, Al mM NaNO; §<foll A5E F7hste] 1A WA AR 59

FYE, BNaNO; $99] FHE, CAE A F3%)
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Table 2. Chemical composition of rice straw, wormwood and wormwood
silage (DM basis, %)

Item Rice straw Wormwood  Wormwood silage
Dry matter 86.21 20.30 25.42
Crude protein 5.39 16.20 16.14
Ether extract 1.48 4.20 411
Crude fiber 33.35 22.35 23.22
Crude ash 15.97 8.70 8.82
Nitrogen free extract 43.81 48.55 4771

NE

oA gake "Hzlol 539 %o wHlE| Akt Ak AR E A7 16.20
16.14 %= ¢ =A Yetwoh =AW s A
2 AdYAE 420 D 411 %=

Ze] 148 %ol nla] Ak}

[

o

] $- A UEbgth =3 NFE g3x 33 9]
4381 %ol ¥ls| Akt Abe AldE|A = 4855 H 4771 %=EA E=A YUERRTh
v 2R 23)E 0 ke WRo] 33359 1597 %E 4ol 2235 3
8.70 %<t Ab&: A e x]¢] 23229 882 %ol & A pEbyk:
ool Ao} o] Ak S Fga

‘Q‘uq)

kol wAel el dLA A S

Jm

3z gepel Wlg e EARE PohATh

3) Total-VFA % VBN +4

At RS JREE A5 AR Ak Abdelx] e olstebA A4S EAT A
i Table 37} T}

pHE 4159129, lactic acid %S 481 mg/100 golRAow, acetic acid,
propionic acid % butyric acid ¥ Z+zF 502, 0.05 2 0.07 mmole/100 g& &
e 21, NH3-N/Total N%= 22091 F2 o] A2 A 9ith.
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Table 3. The chemical composition of wormwood (Artemisia montana) silage
used in the experiment (DM basis)

Items Wormwood silage
pH 4.15+0.21"
Lactic acid (mg/100g) 4.81+0.50
NH3-N (mg/100g) 329.15%£13.21
Total VFA(mmole/100g) 5.27+0.15
Acetic acid (mmole/100g) 5.02+0.09
Propionic acid (mmole/100g) 0.05+0.01
Iso-butyric acid (mmole/100g) 0.03+0.01
n-butyric acid (mmole/100g) 0.04+0.01
NH;-N/Total N (%) 2.20+0.24

* SE : Standard error
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dstel BF WAFAE ol gatel A% AUeAe] G5 FEEL AxH
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acid7}F 951 % Vit. C7} 245.1%mg/g°] $HF¥o dSS selstgt. E3 ok
gy 5o 73k gzEs e+ dsA 3gEe Adw dFEHojgern

2 A8 /54 %9 A 5ol W e Ao ARdh

Table 4. The bio-active material contents of wormwood silage (%$mg/g)

Item Wormwood silage
Flavonoid 2.34
Phenolic acid” 951
Vit. C 245.1

“Phenolic containing portion
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Fig. 3. Electron donating ability of hot water and acetone soluble from
wormwood silage
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A 23 At (Artemisia montana Pampan) AP E|Z]2] A=
7% %7}

1. A4
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2 16.20%<F 4.20% =,

B9 W GololA Fr oole¥ i Yt FARS WAl 530%9 1.48%

pEA

A Aol A sk zowida =

of wla w§- A vehdon, odd A% AdeAZ AxFAL
FAo ADLA Az EF AL AR ARFozA 1

Z, 7t 9 7heAe el mlis) Ad Arst 9 by Adejgdd e

2245 Hx23s = e Aow Alg¥ v (Bergmer, 1974; A3 F;

1985, AXH, 1977). webA Ak Atde A= AL thefs A
& z
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Sz 2 Fagel wg we
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HARA R S Bl FESEAS oA AAs e, AREqe 4k
SHE ZhEAbESE Aol Atk A7 2001 109 FE 20029 8
A7HA A A8k

o AR A

MEARS WAL N2ARE st fAUA FEel NFARE Folod

S ™ (NRC, 1991), olwj x5 Hl&2 7303tk A4+ 7, HEdS 7ee
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B2 Ak A A E 5, 10 % 15% Al 4 Aelate dAst o) Al AR
T4 0] &2 Table 59 #t}.

HEFS tAbEd Akl @43 ALRASS fdl dHAIES 1043 A As)
Rom, 2 Agom fiAAIY 5Y, 71EA 34
05 1, 2, 4 3 8 AIHE FAsAom, A3 HYE 174 A6t 4x4
Latine square Wl #3to] AAsIATH 7154 AL gAAE 5 & 2 A
g 19 AR A 120%E5 v & AY AlEswo dA7kA AT &

& =43tel Taha

Table 5. Experimental design (%, DM basis)
Items 0 5 10 15°
Concentrate 30 30 30 30
Rice straw 70.0 66.5 63.0 59.5
Wormwood silage 0.0 35 7.0 105

* Percentage of wormwood silage in roughage.

. AEAR

Al ol g WEAE, WA 2 A% AdelAe] 5845 24 Table 67 2

Table 6. The chemical composition of concentrate, rice straw and wormwood
(Artemisia montana) silage used in the experiment (26, DM basis)

Items Concentrate  Rice straw Wormwood silage
Dry matter 87.82 87.21 25.24
Crude protein 15.81 5.39 14.76
Ether extract 3.54 2.01 3.37
Crude ash 7.24 10.34 14.16
Neutral detergent fiber 21.70 64.40 51.51
Acid detergent fiber 6.58 4770 47.69
Nitrogen free extract 67.67 48.02 45.15

18



Table 7. Formula of experimental concentrate (%)

Ingredients Concentrate
Corn grain 38.80
Wheat ground 12.50
Wheat bran 15.60
Tapioca pellet 5.00
Alfalfa meal 5.00
Soybean meal 1.00
Cotton seed meal 5.00
Rapeseed meal 8.00
Cane molasses 3.54
By-pass fat 1.00
Salt, dehydrated 0.70
Limestone, lmm 1.53
Vitamin premix (Cattle-3)" 1.10
Others 1.23
Total 100.00

* Premix contains: Vit. A, 3,000,000IU; Vit. D3 150,000IU; Vit. E, 20,000IU; Vit. K3,
1,680mg; Vit. Bl, 700mg; Vit BIl2, 25mg; Pantothenic acid, 4,500mg; Niacin,
12,000mg; Biotin, 300mg; Folic acid, 400mg.
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AFALR S g FqFFES A Aeke] oA A oF 200 g AlRE

AASHs, AR FFr A
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&S =A3] Y AEAFHHoZ 527
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>
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5
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2
N
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stk Wby Rl Bae A 0.ACH1990), NDFe ADF &z 2212 Goering

40 mis &F, d8ste] WALEHE Bash wwksklth 24413 W

=

®
B T NEae] Aol 2 pHE SAT F 25ColN EAAAA wpad

k¢ ol & ==X (stomach tube)ZS o] &3Fo] 2F 100 mlel A4S HH A
o, ol AIREHAE VFo® Atrgo]l A0 AHI AlEES ¥ 05 1, 2
4 3% 8 ANz, F 63 AMAFAT. FE=H AN 459 TtokAlE A9 pHE 73
gk & 4~5%g°] HgChi Yol #XAI7MA] 25Tl A Haslslnt.

Abee Ald ) R 9k Yol pHE glass rod electric pH meters ©]-&3le] =43}
™,

o] o

% 3 =) Hkak(total volatile fatty acid: total VFA)¥ bR Uole]d &

(ruminal ammonia nitrogen: RAN) 332 W& HIE A B85 A2 353

o] 4T 3,000 rpmoll Al 10%7F AA4lde] + FFHEs T4 Lo 2 o] &35
Abes AbdExeh W91 ee] RAN ohEE fRAIL(1971), total VFA 92

Fenner®t  Elliot &7/ 9(1963)9l g o, lactic acid

T
O
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spectrophotometer(Spcetronic Instruments Inc. 820 Linden Avenue, Rochester,
NY 14625, USA, 800-654-9955) ©]-€-3t°] Barnett(1951)H .2 43ttt 7l
d VFAE Erwin 519619 ®Wwiel F3te] GC (Hewlett Packard GC-5890
plus)E ol &3t on olul GCY A Z7L Table 87 #il, non-glucogenic

ratio(NGR) 9] At=218 v} 2}

acetic acid + Zbutyric acid + valeric acid
NGR =

propionic acid + valeric acid

Table 8. The conditions of GC for individual volatile fatty acid composition

analysis
Items Condition
Column HP-Innowax(Crosslinked Polyethylene Glycol)
30m x0.32mm x0.5u0
Temperature program 10 C/ min.
Detector Flame Ionization Detector(FID)
Initial temperature 120 C
Initial time 1 min.
Final temperature 180 C
Final time 10 min.
Injector temperature 250 C
Detector temperature 280 C
Carrier gas No
Split ratio 100:1
AMA2E HEdt A% AdE A AtdElA 9] olstey 5SS A% A

= Table 99} #Zt}.

pHE 4159999, lactic acid %2 4.81 mg/100 gol1 ™, acetic acid,

propionic acid % butyric acid %2 ZHzF 502, 0.05 ¥ 0.07 mmole/100 g2 =

UERSE 2™ NH3-N/Total N 22091 &2 o] Abd A 7F Az =] ).
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Table 9. The chemical composition of wormwood (Artemisia montana) silage

used in the experiment (DM basis)

Items Wormwood silage
pH 4.15+0.21"
Lactic acid (mg/100g) 4.81+0.50
NH3-N (mg/100g) 329.15%£13.21
Total VFA(mmole/100g) 5.27+0.15
Acetic acid (mmole/100g) 5.02+0.09
Propionic acid (mmole/100g) 0.05+0.01
Iso-butyric acid (mmole/100g) 0.03+0.01
n-butyric acid (mmole/100g) 0.04+0.01
NH;-N/Total N (%) 2.20+0.24

* SE : Standard error
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o] A3t 7)ol EAlstE EE A mAEolA FlE Aoldte dd Ay
g 7122, deriy ffste] Ao FE purine @71AE &30
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= A wEEeY wAdsAgHd g A4S 9% Chendt

Gomes(1995) A1 S qoksld oS3 Zr)

<Standard A 3&>

-11 =H% 1 g9 allantoing &3l (stock solution).

- 250 mle] FFFol 25 ml stock solutions 3] (diluted solution).

- Diluted solution 10, 20, 30, 40 % 50 mlE ZZ Hslx, Z=HFY E55)0

100 mle] = A 3+

- Zts sample? FASA AAY F EFFLE=AE o] &sto] OD#I= 4.

- OD#kE o] &3] FAd 2.

— d) Y = 0.0058X - 0.0037(Y : sample®] OD%, X : allantoinZt)

<Sample®] HAg>

@ A 7] 4L o] &35t pHE 8002 4.

@ 25 mle Z} sampleg 15 mle YA EZE tubed] Y1, xanthine oxidase
150 uls %o] 2 Az A&elA 2t

Hypoxanthine, Xanthine ---——————- _H -—-> Uric acid

@ Uricase 150 ulE Yo 2 Al A2 B
Uric acid -~~~ > Allantoin

@ 0.6M NaOH 15 mlZ 21, 10-15%7F boiling water bath(100C)ol A 71<4.
® 2A4-dinitrophnylhydrazine® % 1.0 mlE& Yi, ©A] 2~4%3F boiling
waterbath(100C)ell Al 7}4.
® zHEollA A3 (10E3h).
@ 5 ml 25M NaOHE o] alkalis} A7,
Ao A oF 103 HAF 520 mmoll Al OD#ts ¢l 5.
OD# & o83 mAEA G Hgd=ke] ALA S 53 2ok
o) A:OD#, B: & vjAd=Hmg), C : allantoin®] F2}%0.158),
D : %% PD®] 3]8&(0.84), E : sample®| 3]4H]&
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{a : Pl ¥ Epurine®] £3}8(0.83), b : purine® @ 43270 mg N/mmol),

c: v A=t

ofj

A9} purine® 49 W] £(11.6:100)}

Standard #4141 1 Y = eX-f (Y:sample®] OD%t, Xallantoingt, e$} f:45)

Allantoin excretion(g/d) = (A-f)/exF*B/1000 --——----------—~ (1)
Total PD excretion(mmol/d) = (1)/C = ———————————————— (2)
Microbial purines(mmol/d) = (2)/D = ———————————————— 3

Microbial nitrogen(g N/d) = (3)*F

vk A 2

B OAFo A dojz AiE SAS package(V 801, 1999)¢] Annova procedure

b E4e AAsen, 2 At HergkE ©]88ke] Duncan's

)
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o
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A -2k ZFol 7F UATH

A 25kE2 A AMdeAE dAS 2E AET 7 izl vl =7
e oW (p<0.05), 53] 10% AT+ 80.22%= thx+9 71.42%°] H]&l <F
12% = v =A AAAEAT. 23E L8E2 10%9F 15% WA 7F 242
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29.66% %} 28.81% % 0% thA 9] 24.78%°l Hl&l 7§45 A 2™ (p<0.05), 5% th A
Fohe Aolzk glgivh

Table 10. Effects of dietary inclusion of wormwood (Artemisia montana)
silage on the nutrient digestibility of sheep fed the diet containing
rice straw and concentrate (26, DM basis)

Items 0 5 10 15' SEM”
Dry matter 4852 49.20° 52.62° 51.77% 156
Crude protein 55.67" 57.41% 60.23" 60.76" 156
Ether extract 71.42° 78.46™ 80.22° 77.99° 1.26
Crude ash 24.78" 26.33" 29.66 28.81° 161
NDF 39.20 37.98 3898 38.46 1.46
ADF 33.28 3351 34.90 35.12 1.78
NFE 52.37" 55.40 59.07° 59.13° 1.71
TDN 48.01° 48.29 51.40° 51.52° 1.12

1 . .
Percentage of wormwood silage in roughage.
? SEM : Standard error of means.
47 Means in the same row with different superscripts differ significantly (p<0.05).

NFE 43-&¥ TDN 10% whAlT< 15% thAl+7F dlz2F<F 5% Aol
A3 = YEFE 2 (p<0.05), NDF9} ADF 2238182 A2 3k %ol 7k §lsith

B(1998) WU @ de] FajFy See ol FEd, A 19949 pH
2 uAEA G o AAEEH, tEd AR ol i wudd sh8A 3

e auargudols] 492 FAAPOR Aduy Azl v Wy

=
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rlo
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il
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(e}

&
6,7-dimethylesculetin®} capillarisine Ztoll Al 0] = X HE3] 490 E54t
o2 =8t @37 doew, Artemisia capillaris® budsel TFEo] =

dimethylesculetine 3+ R3 28 337} Jd& Aoz HuHJQtH(Mashimo %,
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1963; Komiya &, 1975, Koshihara %, 1983; Kimura %, 1985). Gilani®}t
Janbaz(1993)%= %o ¥/% o] <di= acetaminophen FEA+= EF glutamic
oxaloacetic transaminase(GOT)$} glutamic pyruvic transaminase(GPT) %5
AAs FaA7IE 27 dow, & FEES Fd FAYE W 1 5A4S 9
Wweta 7S 3 EAI7E g, AP EHE SAAA AW AddALE
FRA I Bkl whebs Ake AR g AAl 2 7E 3 EI} "HEAE
o7 AR,
/\‘]

Byl 7] o) A A5go]l LA AAE
d FEEol AAW T o

=
Aal Ak Abd e A Al

4

i
Zly

e
e
)

d
N
pak 2l

Twaij2} Badr(1988)% Artemisia herba alba®]

H“4>

AbE FXIA7IE B3 dvkal Bargkslied o
o] NFE 2:38H-&0] 7/fdd Aos At e

&, Ak AbdE A FolAl NDF9F ADF 48h&2 dshrt gllvhs 38 1
A& wl NFE 43ts S7Fs AlZ|4E5d v 7HA 33 dio] AR
ol AX W FAHEZE, & ¥ F2AEFEE(non- structural carbohydrate; NSC)
o] 235E St oF Aem Y, dWd =AW gl NFE 43h&0] i
Moz Qs AE4rste&d TDNE F7ks 3102 Alggth

ol9o| = &2 A (Tharib &, 1983; Zaika &, 1983; Connor®} Beuchat,
1984; Deans®} Ritchie, 1987), W 7 AFEZ 2 Fao AFIAE 5,
1989; o, 1992; ¥, 2000) EI7F gz Aoz HuHAEH, o] Qs Ashe
MAEIE ANS Ao AREH olE FHaty] 9% A7 F% T35
oF & ZAow Azdr

ool A3 4 Lstes MAE e AR 10~15%E A A

gA &= tAsto] Holshe Ao M FeEd Aow Almdh

A Al A S B AL 7|FoR 0,5 10 B 15%% A Folstas
W W] Aw A" AATT AAF B AT ATl vAE dFS
= A= Table 113 2t}

o 2 AdYAE gAe BE AP A 919.86, 904.43 @
919.72 go & thxT9 780.18 gell HIal °F 17% M= A 2™(p<0.05), HA +

Y
il
fiend
e
ot
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AATT AEAFAFS dAATE ARAAZFE S AAdYAE AR 2

= ATl izl vl v = S7Fe e (p<0.05), Al el =

Table 11. Effects of dietary inclusion of wormwood (Artemisia montana)
silage on the palatability of sheep fed the diet containing rice
straw and concentrate (DM basis)

Items 0 5 10 15 SEM®
Dry matter intake (g) 780.18" 919.86" 904.43* 919.72" 3053
Intake/body weight (g/kg) 1538 1814  17.83*  1814* 061
Intake/body weight®” (g/kg) 2051°  2419° 2378 2418 0.0

! Percentage of wormwood silage in roughage.
? SEM : Standard error of means.
¢ Means in the same row with different superscripts differ significantly (p<0.05).

A AAdygAE Axd H8] 7]|EA o] W¢ =om(Harmon %, 1975 Kim
5, 1993a; 319} <F, 1988), Ohyama 5(1980)2 -3 At e A= HAHF7F gle
™ o] 3
W Falirel ClL perfringensd A%< A AW F3<l bifidobacteriadl
AE5S S7/IAAE 237F d=dl(Tharib 5, 1983; Deans®t Ritchie, 1987; <,

-

)

e = &

i
i
rlo
o
~N
N
N,
T
v}
k1
p‘g‘
30
v
rot
=)
A
1o

3}

e
o

7

e
e

1992), 3 BEO0DS A% %S W] Folage u £ WG BE AT
oA AR T AL, B3 A% %2 5% WG AT WAl
s ok 60% AR ol FEFe ANoR s FFh 2shge] B4
5917 WEoletn shel B APt FAE ARE R

Web % AdelA FelA Z1EAe]l B AL Aol Fae] Ade
2 AZAQL P ofeH(Table 9), 4%l 54 om A8} A FolFel F

b o] &3go] A MAES 7 (Table 10) W2l Aoz Atz HA}
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o1 28, A2 FHE 2 sl WARA

b Al YA S Yo AES VIFo® 0,5 10 B 15%= A wossls

fr

o frlE 2%tE, A2 S4E % S v el A Fel vA= 9
2

Table 12. Effects of dietary inclusion of wormwood (Artemisia montana)
silage on the nitrogen retention, organic matter digestibility and
amount of microbial nitrogen synthesis of sheep fed the diet
containing rice straw and concentrate (DM basis)

Ttems 0 5 10 15' SEM”
Organic matter
intake (g/d)
Organic matter
digestibility (%)
Nitrogen intake

625.45" 750.24 736.61° 749.56" 22.05

52.54° 53.34% 54.95° 55.27° 1.02

57¢ 74P 15.10° 17.11° 1.1
@ N 757 9.7 5.10 7 9
Fecal nitrogen b b a a
@ N 3.25 376 6.10 6.25 1.01
Urinary nitrogen c c b a
2 1 41 . .
& N 93 3.17 3 6.70 0.86
Nitrogen retention c b a a
@ N/ 1.39 2.81 4.87 416 0.54
Retained ratio (%) 18.36° 28.85% 32.25° 24.31° 1.87
Purine derivatives 5.49° 9.70" 13.41° 1311° 071
out put (mmol/d) ' ' ' ' '
Microbial nitrogen 469 8.39 11.61° 11.35° 0.74

(g N/d)

! Percentage of wormwood silage in roughage.
? SEM : Standard error of means.
¢ Means in the same row with different superscripts differ significantly (p<0.05).

e AR A AAdEAE QA 2E A7 736~750 g/dE dE
T-2] 62545 g/doll W&l °oF 17% 7§ & A tH(p<0.05).

fr7l= AgE2 AR AYEAE 10%9 15% Al Ald77F 54.95%¢<
55.27% % Wx7-¢] 52.54%0l Hlal =A WEs o (p<0.05), 5% Aok A
ol7}F gl
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()

2 AFHFE A% AL AE QAF ZE A Tl vl =AU
Bl o (p<0.05), 10%9F 15% thAll+7F 1510 g/de} 17.11 g/d= 5% whA+9
9.74 g/del ®lE EJATHP<0.05). T AawjAd@e 4% AdIAE 10%9)
15% A Al F7h 29k 5% diATell vl =A e o m (p<0.05), =
T Aamdge ke AFLEAE 15% gAE 9 670 g/d= 7P E=gkor
(p<0.05), Hz=T2F 5% A7k zt2h 2.93 g/det 317 g/d=2 B ktH(p<0.05).

& FAES AR AAYAE QAF ZE Aol izl vE AA
H 20 (p<0.05), WA FEzrell = 10%9 15% Al 771 4.87 g/dot 4.16 g/d=
7HE =% o ™ (p<0.05), &9 1.39 g/dell Bls] 28] o]/ 7l = A Hp<0.05).
= Age % ALY AE dAE AFTFIE dzTel AlE e oH
(p<0.05), HAl F=F7kell= 5%k 10% A7 77 28.85%9F 32.25% % o) &
o] 18.36%¢l wlal oF 66%% A 7§ % A Hp<0.05).

Purine derivatives(PD) i &2 Abe AMDE| X & tiAg 2 Ad oA o
Z7o] B8 E=hom(p<0.05), WA FEIel= 10%eF 15% thAT7F 77
1341 mmol/d¢} 1311 mmol/dZ 5% wA T2 970 mmol/del ®l3] E=atow
(p<0.05), HZT2] 542 mmol/doll ¥]&] oF 2u] o] =A Yy

RS WAEA G FAFAME A ALEAE dAG BE AYT
AN ol Bl E X oW (p<0.05), Al FErol= 10%2 16% A 771 2zt
7 1161 g N/d9F 1135 g N/dZ 5% tha7< 839 g N/dol #ls] =tow
(p<0.05), thx=72] 469 g N/dell vl 28] o] 714 =] At}

ool A F7E AHATF Tk AR AYEAY diA o2 A8 AR
AF ol F718k9 7] wjol v (Table 11), A4 AFFe] F7he= A& AU
A o] Als AdFH ol TUIeA S Wk ofyet WA KRG Aol =2 b
&AM YAE Aoz Qe F7FeitH(Table 3). 3k Hzlo] dF5 i
AP AR gA FostsS W wEu Hazde] s 2uu Ay NFE
o] MAEAS B ol (Kim 5, 2002b; 3 &, 2001), %< <z &}
B M em FiAk 47 £315 o] (Mashimo -5, 1963; Koshihara
1983; Kimura &, 1985) AW A&gk&o] /MAEA7] wito] F71= Asts
2 A o] T3 Aoz AR EH(Table 16).
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=

7]

o{n
olf

%
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Hoover®} Stokes(1991)2 Al 19y Ea A WA (rumen degradable protein;
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o A 9FES wAH, RDP7F 71855 g AFago Frieta
&F91aL, Stokes 5(1991)2> NSC¢ RDP9| vl &o] 214 wf #| 199Ul w A=A
WMol 7hg A@stA FA AL s on, ALmdl RDP $aFe] 10~13%¢]
& ©FshE ] 56%7F NSCY W mAEAGHA FAke] Aoz Frtstrt
i skAEd, B APAA A AMdE A A Fel e mAEAGNd FAF

ol A 7k A2 wkE UM duld Fajrp & o] Fol P e 2 (Table 12) ¢

£
>~
©
Ak
Ry
il
2
4 o
1o, )
Z,
-
=
B>
Lob
o
o|\

7HTable 10),

7 gAdsto]l bR vAdE 4SS AT duAd] AR At 2T

kA 718 ol &8, A FA4E 9 OEAU vdEAENd G R

A= A ste] Holsks Aol A e

_VE

& gl Aol 10%% A% Al

Lo

1) ¥k59v pH W3ke} total VFA 2 RAN 33 %3}

AHe A e A oAl Folol ofg ke w9 pH ®skel total VFA H
RAN o3 Wists =AM d3t= Fig. 49 20

WY pH Wste EE Aol AlEEY § 05 AR 1 ARH
3] skehate] (p<0.05), 2 Aol A3 F7hstieh Al TE dE Ab] e
sk AbRFY F 05 ARkl AR AU AE 5 10 9 15% thAle ATl
A 747y 664, 661 2 6672 R 6.860] wlE] Sk om(p<0.05), AFE F
F 1 Azl 10% A T7F 6582 R 6710 Wl WA vEbgow
(p<0.05), 5% WAT-¢F 15% wiAlF2k= 27F idek & Aol A= A3t

=

il
i
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AFol 7k At et

pH
—— 59
—a—10%
15%

mmol/100ml
111 Total VFA

10

mg/100ml

ur RAN

Fig. 4. The pattern of variation in ruminal pH and the ruminal concentrations
of total VFA and RAN of sheep given diets containing different levels
of substituted wormwood (Artemisia montana) silage for rice straw.
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(p<0.05).

Ohshima 5(1991)2 RbF7FSol AL elA & Hofstals o wha9W F4te

FF F1l Sa pHE Ahde, ol FFE ARTE F 05 ALkl dojut
i skgom, Kim 5200005 MR, S5 AdeA 2 S55-AR Aen
2 el Folahale W AdeAE Fold NPT WA ol Tl wel Am

o F 05 Ak 1 Aol v pHE WEpilaH], ol 2e Alde A Foq=

1% RE=SIU lactic acid®] @ S7bell 71913 Aolghal B sl
BT AFRFo] 3 05 A7k A& A A2 A E A" T g E
ol wla pHel #Fa7F A= o= ks AAdE A Holz Q1d w9

lactic acid®] & F7hel o|gh Ao= Aztent shARt AR A g #] o] fA]
= Aolol W lactic acide]l AHHGF Aol = R
ol = WL pHO Aolrh gl oA S £ VITA T AW el
A At W Foe AES SURAITE 41992)9] Rt A g}
o] Ak Abd YA wol® Qe WUl mA=Ee] &9 9T HS Ao
A7 5™ (Tharib %, 1983; Deans®} Ritchie, 1987), 53] 2
date] fhryote] o] HXHAY] WE] Aew AlRH
Oltjen 5(1968)2 Wkl He] pHE W] wlAEo| o3t HAsgEo
2 JFREERE Q% gryole] Ao R Atz Fol F 1~2 Algte] FrpdTa
st =, 2 Ao ®E AbRFY & 2 Akl = pH7F A A3 Srtehe AES
LHERU QAT

W9 total VFA & Wste A AL AE diA] 5943 BE Al
Al AbEEY 05 1 2 2 Aol 48] F7Feb o (p<0.05), L F 4 AgH
I 8 Algtole AAe] Faste AEFS el eH, gixate AlEdEel 05
AlZrell F7bst vk 1 & AAE] Ak A4S YERATH 7 AlE R
g Azt & total VFA 3 W3t Al go] & 05 Alzte] 4k A e
£ 10% tiAs AlgF7F 9.46 mmol/100 mlZ 279 842 mmol/100 milel H]
& =A JdEb o™ (p<0.05), tAl FEztel= Aok ST AlsHY F 1 A
o= AR AMd YA E A e ATl A 930~9.97 mmol/100 mli=E o
Z79 813 mmol/100 mlell H]3] =3k o™ (p<0.05), A FE1tel= ztol7F §l
Atk AbmHo] $ 2 AP E A AMLE A E AR e AT izl

4

My o
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Hl3l] =A YER o™ (p<0.05), WA FEgtdl= zbol7b fldth Al ae F 4
Al el = 10%<F 15% thA el Al 2H2F 9.06 mmol/100 ml1¥} 9.45 mmol/100 ml=
279 791 mmol/100 mlel Hl&l =A WEFS W (p<0.05), AtEEo] = 8 A
ol = Al -7 ZFol7h gldth

Sniffen¥} Robinson(1987) &3t 2] WHE9u] W54 vusds o
H T2 eestEo] A stEe vla) dart we] doju, 7184 I
AP oF 300% = 7hd k] et dojdrha shglvh Wi A uTsE S
3~4%= Falgo] vto} Mitel w3 5u) o], 84 T
o o] A AE] a7t dojdthar it o] 9f e o] &of] St & AlY
A NFE &3t& F7Fe vl 724 8Ts=9] 43tE S7te] 7I0d slog A
2t A tH(Table 16). whebA 4 AMd 2] AE oAl Folgto s Qla] iz H

S we ol wTzAUERBe] AL LaAHY) B ARFe F 05
o

Al

.
oft

2k A o]
et Ao 2 ALEdHt} Bauchart 5(1990)& A5 AW =53 2 423}

A o™ (p<0.05), 4 A7} 8 Alzbell= A AE] FhAste AdFS UERHATh Z Al
gt W E Aj7ke] wWE RAN ¢ Wdls AAsdo] F 05 Alztel Ak Abd
A5 A ZE AGFolA gzl wel EA e ew (p<0.05), Al
FFEAN = 10%9F 15% Aol A 11.27 mg/100 mi<t 11.08 mg/100 mlZ thZx
T 7.79 mg/100 mlel Bl&) oF 43% EA YEFSTHp<0.05). AFEFS F 1 A
A= Ak AdElAE diAd 2E AdEr diEzgel vle ko
(p<0.05), A FFE7toll= 10%9F 15% HAT7F 2+2F 11.96 mg/100 mlet 12.48
mg/100 mlZ 5% A< 1091 mg/100 miol vlsiA =A e TH(p<0.05).
APR Fe F 2 AR A AALEAE dA G4 BE AFTIE 0% O
Aol v Eom(p<0.05), WAl FEelE Zol7h AT AlEHY F 4
AlZrell = 10% iAok 15% A T-7F dlztell vlal] o™ (p<0.05), 8 A7t
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o= A3 2ol 7h gl
RAN e Wh39uiol A Atas A9 Zal8=s vetuy mAdEd o
AAhel A o]fd o™ (Chamberlain® Thomas, 1979; Siddons &; 1985),
Satter®} Slyter(1974)&= AL el A FoAl vAZAGHAE FA4S HUZ FAA
7171 91814 RAN @#Fo] 5 mg/100 ml ©]/Fo]ojof gttt k%l ow, Mehrez
519773 Leng(1989)> RAN 3r&eo] 20 mg/100 mlZ2 =2 & AT 74
T AHAEY Astso] Hovl Wi Hiaste] AFAEL A AolE B
Ak 2 AldolA= RAN $HFo]l 5 mg/100 ml oG & mA=A wad 34

of FEF Ax FHAFS YHULS Aow Ay, 4% AdeAE Aol

k.,

2) Acetic acid®} propionic acid &% % NGR ¥ 3}

A AL E K] A gl o8k HeFe] w9 acetic acid®} propionic acid
& 9 NGR ®W3ts 2AbgE A3 Fig. 59 2t

W39 acetic acid $H&F W3 ALEHY & 05 A 1 Ao §438] S
7}el A o.M (p<0.05), AbEH F 2 AZtell= A A
o} ZF A7 Hg A7k wE gcetic acid g
of AH AMdE A E 15% tAIgE Al A 567 mmol/100 ml= tZ=79] 5.10
mmol/100 mldl H]&l =d o (p<0.05), 5%+ 10% WA= Zol7F §ldth.
B} AlZboll A= AT T3 ZFol 7 UATH

HFS= 91U propionic acid ¢t W= AlEFo T 05 Al7re| §243] S715kY
2 A7l FHare =ggdlon(p<0.05), 4 Azt 8 AlFtell= A A3 7HAs T
zF A F 7 E g Al 7to]l wE propionic acid ¥ W3l 05, 1 2 2 A 7hol A
Ah Abd el A S A e ATl Atz el ke (p<0.05), 5%
2} 10% AT+ 2 AlZFe]l 2.08 mmol/100 miZ 2.29 mmol/100 ml, 15% o A+
1 AlZFell 2.31 mmol/100 ml= 77} 74 =8 &3S YE A tH(p<0.05). A}
g9 F 4 A= 15% tAT7E 214 mmol/100 mlE diFET9] 159
mmol/100 mlell H|&l =% (p<0.05), A FFtell= ztol7b fllaL, Als+
of & 8 AlFtolli= A3 2ol 7} it

oft
23
i)
rir
>
bl
o}l
2
ol
=~
>
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mmol/100ml

6.5 Acetic acid
6.0 B
a

5.5
5.0

—e— 0%

—— 59
4.5 B —&— 10%

15%

4.0

mmol/100ml
2.6 r Propionic acid

2.4 B

2.2 B

4.0 i NGR

0 0.5 1 2 4 8 hr

Fig. 5. The pattern of variation in the concentrations of acetic acid and
propionic acid and the nonglucogenic ratio in sheep given diets
containing different levels of substituted wormwood (Artemisia
montana) silage for rice straw. (P<0.05).
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5
AET7E 2672 7FE Sk om(p<0.05), tETe 3382 M = Skth(p<0.05).
AbEae] 1, 2 9 4 AZtell = ARe AFDE A E 10%9F 15% diA gk Al -7}
Z=9F 5% thAl el BlE] ko (p<0.05), AFEHY F 8 AlZtel= 10% )
A7F ' A Ttell mls) WA wERs tH(p<0.05).

Annison¥ Armstrong(1970)2 cellulose®} hemicellulose®] Ho] B]&o] 7}-&4
Ty dEo ws] F7FstH acetic acide] AW LS 5718 propionic acid9]
AR &S Attty 5912, RussellZt Hespell(1981) 2 Gill 5(1986) HH
F9 M2l propionic acide T2 WFFE N9 lactic acidZ2 HH AAAAY B2
3193, Bauchart 5(1990)2 AlE & AW T =oW A 19U vAE AW

A E F AWAl ghEFo] SokskAl =Y, S7tE Al 19U A AR acetic acid 9]

A4S w33 propionic acid®l &S TG dkth webA Ak A}
A A Al Fofell o =AY dFd &23kE F7HTable 15 REF9I

mlo

Aoz Aztd
Yokota 5(1992)2 Abmwol § w9149 propionic acid ¥ %=+ AL g A€
water soluble carbohydrate(WSC) %o ¢ldte] AAHW, o]AL propionic
acid7b WSCell 5o s+ 6%t (hexose)?] FE|Z AAbE 7] wjiolegla X

skl om, France®t Siddons(1993)& &l ZAIRE wostd 7F&A 29
Sleko] 7] W&o propionic acid®t butyric acid®] A v]&o] =7FsA Hrt
i Bkl o9 2ol Ao A FAAA A F oacetic acid FES AY
T7F ZFol 7t Al e, propionic acid &3 o] AL AFL A E 10% 15% o A

A w43 S7hE AL AbE Apd A 7F WAl s lactic acid &

propionic acid 3 Skl 7] 8}

(o
>,
nl
oy

Fol wal A2 g@sted 7HA B A &skeo] #3k71(Table 15)

o] & 05 A7+ 1 AlZFell propionic
A3 T8 Ao AtmEnh E3 Kim 5(1993)2 W9 o]
propionic acid& F= ¥FE9Ul lactic acidell A gt A2 F4 AFd e x| 9
FFE-AR ALYAE HFo] Fo89S W propionic acid FHE Al Fo &

2 AZbe| Hae =gdglon o]zldt HeL water soluble carbohydrate (WSC)
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b S A 1 A7k ool ekl wEsl Aojuy] wEe] ArFd & 2
= ar

Al bl Wkl A propionic acid & #o] F7lsteE Aow AR E vt H s}
of & Al FARE 23S YERATH

StH | Thomas$} Rook(1977)> NGR7F 2.25~3.00¥ A 3 g 2 skl
Mg EEA R Ao olgd & o, WA ALY FAE AT ol &
E8L J|ZATE glucose BBE glucose ATEZO] AE qS W= w]$-
wAN o]59 Fwol FEE wele W E=rha s

ool Az sk ALY A E 10%<F 15% WAl FoIA NGR7F 2.25~3.00%
A R DA AEAEY] AW o] 8o MHE Fow 4w, 4k
Atd el A= WFE9Y propionic acid S S7HAIZIEE B[S 9o wig fEld
Ao Az et
4. F 2

}%«
& A8t 4x4 latine square WOl ko] FasY. Aldy = 2ARRS A
ok 3}

Ao ABFL JFoR A2 AALAE 247 5 10 2 15% DA Ael T2
ok
1A% AQYAES 10%) 15% SAT AR daTol ma) 2e %),

ZA(12%) R %3]2(19%) &stEol Al WA E L (p<0.05), NFE 4

3} 37 TDN® 27| %718 tHp<0.05).

e AFdE A E 5, 10 E 15% tAE A@e] A8 AF ko] 904.3~919.8
go 2 tET9 7802 gol Wl A MAFENeH, AATTd A DG A}
Asd AHAZFE T vl =4 A=A

3. A% AldEIAE giAl F93 RE AP f1E 23E, AaF

b Pl A=A e FFel tia Aol mls) =7 ) A = L eH(p<0.05).
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4. WY pHe AME F9 & 05 A

5 Alzbell Ak AdEAE oiAT BE AY
1 A= 10% AT ozl vlE] wkth(p<0.05). total VFA &2k
ALE Fol § 05 AlZFel= 10% WA, 1 AlZEE 2 A gl = A4 AL
A A 2E AT, 4 Aol 15% HAF7E 2Tl Hle] A
EATHP<0.05). RAN =& Als do] § 05 1 2 2 A= 2k A e
AE AF ZE AFF, 4 AgtelE 10%9 15% A 7-7F ol )6
= A THp<0.05).

rlo

e
i)

5. Acetic acid %2 AR Fo T 4 A|Z7bel] A& ALY E XS 15% A F3F A

g7 gzl v)s] Z=doH(p<0.05). Propionic acid &S AlR Fo &
05 1 9 2 Akl 2k A A& diAdgt BE AJET, 44 E 15% o
A7F dHzxTtell vl vl =A e th(p<0.05). NGRS AbE Ho § 05
A Zbell = AbE AR E AT RE AT 1, 2 D 4 A E 10%9)
15% AT, 8 AlzrolE 10% Al F-7F o zT-oll vl 2tk (p<0.05).
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(Table 13).

Table 13. Experimental design

Items 0 5 10 15'
Number of Hanwoo steers 1 1 1 1
Number of replication 5 5 5 5
Total number of Hanwoo

steers 5 5 5 5

! Percentage of wormwood silage in roughage.

2. AEAR

Aol ol g8 MAT A% Ao 5t

1

%792 Table 149} .

Table 14. The chemical composition of rice straw and wormwood (Artemisia
montana) silage used in the experiment (%5, DM basis)

Items Rice straw Wormwood silage
Dry matter 8791 24.24
Crude protein 4.98 15.31
Ether extract 2.01 4.07
NDF 60.04 50.16
ADF 48.15 48.25
Crude ash 10.24 10.51
Nitrogen free extract 48.02 45.15
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HEzs ol&sto] AtdeA= A=

Table 15. The composition of early and late fattening Hanwoo steer diets (%)

Early fattening Late fattening

Ingredients

Corn grain 26.53 36.57
Wheat grain (CP 11.5%) 12.93 15.00
Lupin (CP 31%) 3.00 -
Wheat Flour 4.00 6.00
Wheat bran 11.98 512
Corn gluten feed 3.00 3.00
Tapioca pell 8.00 -
Cane molasses 5.00 5.00
Distillers grain 3.50 -
Rapeseed meal - 3.72
Coconut meal (CP 20.5%) 12.00 10.00
Palm meal 6.50 550
Mixed fiber - 5.05
Salt, dehydrated 0.60 0.60
Limestone, 1mn 153 1.39
Vitamin premix (Cattle-3)" 0.10 0.10
Mineral premix (Cattle-3)" 0.10 0.10
Others 1.23 2.85
Total 100.00 100.00

Calculated analyses

Crude protein 12.00 12.15
Crude fat 3.24 3.24
NDF 22.45 20.89
ADF 9.80 9.91
Ca 0.80 0.80
P 0.40 0.40
TDN 73.43 71.11

* Premix contains: Vit. A, 4,000,000IU; Vit. D3 450,000IU; Vit. E, 22,000IU; Vit. K3,
880mg; Vit. B1, 500mg; Vit B12, 10mg; Pantothenic acid, 5,000mg; Niacin, 12,000mg.
“ Premix contains: FeSO4, 52,000mg; CoSO4, 170mg; CuSO4, 7,300mg; MnSO4,

26,000mg; ZnSO4, 31,000mg; I, 630mg; Se(Na), 165mg.
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eAtE s 9 AR ol geklon, Hlgdr]e %7 AlRR ThEste] Zb
b Foletdvh, wighAbR ] wiekH &3 shehA 242 Table 159 2t

1957 AR FARE Ba S350 B suolgon

s
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Zorwlg gekre 129% AL on TDNS H|SH7]E= 73%, HS37)= 71% A

AR o £ALE o AS "I BATS st Add AMYEZ=
ol Fato] Ad Foletgoen, 1 W8S Table 167 #Zt}.
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o9 =

AEE Folstgom 19 2812 kel Folstart. Je Agues Z4he
NEAFE AT e g Fasinh

Table 16. Feeding system (DM basis)

Items Early fattening Late fattening
Months of age 15 16 17 18 19 20 21|22 23 24 25 26 27

Concentrate (kg/d) |70 75 75 80 85 9.0 9.0{95 10.0 10.0 10.0 10 10

Roughage” (kg/d) [3.0 30 25 20 20 15 15|15 1.0 1.0 1.0 1.0 1.0

* The amount of rice straw and wormwood silage.

ANAArES FY: e A7) dste] AFEAE A oF 200 gof AEE
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712 F43%t9] 1 mm screens T3 ARE FAEo02 ALESIY T kA
o BAMe AO0ACH199), NDF¢ ADF 328 Goering® Van Soest®d
(1970)° =3kt
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(Animal Products Grading Service, 2000). $2ASHFL TYAHLEE 7|Eo 2

o] gF obgfel ul FHAR wre] A

Quality grade 1" (QG1") ; BMS 6 or 7
Quality grade 1 (QGI1) ; BMS 4 or 5
Quality grade 2 (QG2) ; BMS 2 or 3
Quality grade 3 (QG3) ; BMS 1

A4E SHAYE S3e BARNS 98 4 BMSE 3842 o] d5E

BMS 1 =1 point, 1" = 2 point, 1" = 3 point,
BMS 2 = 4 point, 2" = 5 point, 2" = 6 point,
BMS 3 = 7 point, 3" = 8 point, 3" = 9 point,
BMS 4 = 10 point,

11 point, = 12 point,

BMS 6 = 16 point, = 17 point, = 18 point,

4" 4

BMS 5 = 13 point, 5 = 14 point, 5 = 15 point,
6 6
7 7

os!
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N
[

= 19 point, = 20 point, = 21 point
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1
Mol 2/3 AHNN mm 992 =AH L, MALGTHHS dHxHem S o] &

FEFATF(F) = 656834 - (0393 x SALFA, mm) + (0.088 x WjFH G

pud

AA em’) - (0008 x WEAFE kg) + 201

SHEdev2 AEd SHAFAd 98 3 55, B, O)o®2 Fadr

hus

Yield grade A (YGA) ; %A 69 o4+
Yield grade B (YGA) ; & %44 66~69
Yield grade C (YGA) ; %45 66 o3}
4) [e] AH
SAL SHAY A% SAHY & AFHe E4d ol gt en, SR

A 4 AIZF %9 Minolta Chromameter(Model CR-300, Minolta Co., Ltd., 3-13,
1-Chome, Azuchi-Machi, Chuo-Ku. Osaka 541-8556, Japan)® 9 =(L"), M=
(a"), 3= (b)S Commission Internationale de L'Eclairage(CIE)Zto. 2 =43}
R, T ARE 33 wE FAGA ofw xEMIS CIE L = 892

CIE a" = 0921, CIE b’ = 0.783 2 A3} r}.

AdL Folch 519572 wWRjel olste] EAstlvh. Aldg A8 25 gol
Folch €9(CHCl; : CHsOH = 21) 180 mi¢f BHT 05 ml& Y1
homogenizer(2,500 rpm)& 1 &3+ #23}slo] 0.08% NaCl 50 mlE #7Fstx 30
Z7F 59 &3 F 3000 rpmoll Al 1023 942l s
FEe AASL 5L sodium sulfateE H7Mste] AL FEES
vacuum rotary evaporatorol Al HEA|7)11 NoZ He &mjE A Ast] AES
FE% A A 50 mge tefron-lined screw-cap tubeco] ¥ i 4% H>SO4(in

methanol) 3 mlE H7F3}ed, 90C water batholl A 20%7F methylation A7 3
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Ao A 587 HASA Y. Hexane 3 mlet /S 2 mlE Y1 42 & 5
st A4ES 1 ml 3438e] GC(Hewlett Packard GC-5890 series plus)®
TR o, o] uf GCo ®4x7L Table 173 7t}

Table 17. The conditions of GC for fatty acid analysis

Items Condition

HP-Innowax (crosslinked polyethylene glycol)

Column 30m x0.32mm *0.540
Temperature program 10 C/ min.
Detector Flame Ionization Detector(FID)
Initial temperature 120 C

Initial time 1 min.

Final temperature 240 C

Final time 10 min.

Injector temperature 250 C

Detector temperature 280 C

Carrier gas No

Split ratio 100:1

Folge & AR A% BuAe Folw Farh F AmElE WAl
WA W A2 QYA F AAG] FAAR AAS Fekaw, & B
e S5FH BA AWE $3S Fagch AYARS §5F

SRBR20) 20039 19 ~ 599 HE AAL o g

b
flo
off

3
5
)

>
il
ol

w, IAAE 7HA S At E 220 Y/kg, BHA 120 W/kg 2 AR AR E]A] 480
H/kg olRed, 559 & ArA S Al° 17489 H/kg, Al 17,171 Y/kg, A2
16,513 Y/kg, Bl 17,068 9/kg, Bl 16,489 9/kg 2 B2 15657 9/kg ©] 2 t}.

AL S A 2

B AHo| A Adojz A} SAS Package(V 8.01, 1999)¢] Annva procedure =

A B4 AAsg e, 2 HE 3 Higs ©]8359 Duncan’s multiple



3. 49 2 3F
7V FBA AlS, A, ARAAY R ARS8 TS

A migA s HYS A Fgojsta WA 0, 5 10 B 15%E A&
A AR A Folstds W AAESe] TEA AT, TAE AREAT 2
ALR 8 TE&E FAME Z3= Table 183 o

FTEA AT A ALYAE A BE AGTolA dizTe vE 2A
A= R o™ (p<0.05), 53] 10% A7+ 676.0 kg = thx79 6004 kgoll H]
& oF 13%= g A AAEHATG o2 Qs F FALFH dIFTAFE 2t
At E A S g A ARl Atz vlE ZA A E Lo (p<0.05), 5T
10% AT Tl B8 oF 30%= w9 A AAHAHP<0.05). A 5
F7rel= 10% AT/ 7P skl 5% tiAl RO A2 Ao
(p<0.05), 15% A T-ob= Hl=e A5 ERATh

ZARY ARFS Az Aol 22 &S A Foladr] wikel A
3 zkel7h ik v AR & AATEN dGAERdHAGS A%
At 2l A] AT 3480 kg¥ 892 kg/do® thET9] 3420 kg¥ 8.77 kg/del
Hl & = A e tH(p<0.05).

AR TEE A AL A E A ZE AIFT7E gzl vlE] A E 9
© 1 (p<0.05), 10% A= 11.88% tlZz+9] 15150 Hlal] oF 22% =& v]$- =7
A E A o™ (p<0.05), A FEZFA %= 10% Al 77 5%9F 15% thAl 7o H]
& 714 = 9 eh(p<0.05).

#H Kim 5(2002a)2 HlSH7] 7Aool tigh A% &9 goAZHE 9

7

371 98l 2ALEY 0, 3,5 © 10%E dx £oz U

&

ok,

ZhatA kil Baustdon, ol® ld dx £S5 3%
ol iz vlal] v Ao, F FALFH 4T FA Gl = 27t
ow AR QTEE PR vl Aozt gldvial sk B dx %S 10%
A AT E F AAREHA TS gz vE ta s oH

AFE ofzol wa thk Frhshs 22 deida stk
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Table 18. Effects of dietary inclusion of wormwood (Artemisia montana)
silage on the growth performance, feed intake and feed conversion
rate of Hanwoo steers fed the diet containing rice straw and

concentrate
Items 0 5 10 15" SEM?
Growth performance
Initial body weight (kg) 3302 3208 3264 3278 134
Final body weight (kg) 600.4°  641.0° 676.0° 6557 144
Body weight gain (kg) 260.8°  3202°  3496" 327.9" 117
Average daily gain (g/d) 069" 082" 090" 084" 0.6
Roughage
Toal intake (kg DM/head) 6600 6600 6600 6600 00
Daily intake (kg DM/head) 1.69 1.69 1.69 169 0.0
Concentrate
Total intake (kg DM/head) 3,420.0° 3/480.0" 3480.0° 3480.0" 0.00
Daily intake (kg DM/head) 877" 892 892" 892" 0.0

Total feed intake (kg DM) 4,030.0" 4,140.0" 4,140.0° 4,140.0°  0.00
Feed conversion (intake/gain) 1515 1295° 11.88° 1263 051

! Percentage of wormwood silage in roughage.
? SEM : Standard error of means.
47¢ Means in the same row with different superscripts differ significantly (p<0.05).
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55
g E 1 59 10 kg/do 2 A FolstAdA, QoA s v&57] A%
d udAtE taew Qe dAEFs AFskA xFew, ofm Sl oAM=
- A5k 7] wimel Al A7k F
g At s A ol stk vk 4k Abd e #] iAol A= A" w AL
55 A" AFsR7] WEZel vMigA s AHAFE 2 T AARAFF] SUteke 2
H5 yetdiglon, oA 4k& Apd e #] gol® s W #FF WsH(Tharib
5, 1983; Zaika 5, 1983; Connore} Beuchat, 1984; Deans®} Ritchie, 1987; #
5, 1989; ¢, 1992; &, 2000)¢F w4t
shgo] JHAEA7] W] Aom AZEtH(Table 10). 3 AHS AdEAE o
A woAg AT F SAE, dIsAF 2 AR &o] A HAEHA=,
ol A AMd YAl wolm Qg HAastgEd =AW 4sks /)4 (Table 10),
AteAAFHE S7HTable 11), W39l nj A EA G d A= S 7HTable 12), vk
W propionic acid &% =7} 2 NGRY 7HA(Fig. 5oz 23 Ay=zE Azt
ok webs Ak AtdEAlE AAGEY FAF, 7Isd 9 AR LTS TRl
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HAGAE g Rsh HAe AT Felstn WA 0,5 10 L 15%F A2
AdelAw A Felsle W AAESe] B FA%e] FedN BEET F
Eato] A7PE ® F LS 7h2o MAFE A 2

-

mU‘.

E 197434 HET7 T1FE 700~750ppme 2 g =& F=X3 YEy

u, T279F T37E 65~110ppm o2 YA YERyth(P<0.05). ¢E

15 Yetled, o] w= T27¢ T377F 9k T17ol 13

2 e 2% 497 894 Felw TUT AnE g
A A & AMLEAE FoeAS W 2% Falvb BARFe] A A8 st

g el ole & AR Foz & gl folde FtE

Fa ol g0l F7HEHA/] MEL Ao AR

o

(

B2
2 =
)
2
ox
lo

rr
on,

s
o2

48



ppm
900 r1

800 |
700 | .
600 [ ___%
500 | ——T2
400 | T3
300 |

200 | /\

100

0 1 2 4 8 16 day

Fig. 6. Effects of dietary inclusion of wormwood (Artemisia montana) silage
on the HzS of Hanwoo steers fed the diet containing rice straw and

concentrate

At A= Al Folstdls W AAEEY S S vAe IS AL
5l A3+ Table 199 2t}

FFsEdA AT AR AL e A E AT EE AF 7 izt H] &)
E%0H (p<0.05), EATZFS At AFLEAE WA BE AR 376~386
kgo & thz72] 338 kgoll W&l oF 13%= wl$- A /HAE A (p<0.05),
A FEBE 2ol7h ATk EAEL 5% ATIF 59.6%2 ETe 56.3%

al =A WEbst o (p<0.05), Al et ZFelzh /v SA T
= k2 AdEAE A ZE AT 72~82 mmz ERTFE 12.8 mmol
vl oF 41%2 AA TATH oW (p<0.05), WA FF1k = Aol 7k glA T

A G THA L 2% AL YA S 5% 10% HAG AF Tl 22 940 em®
gk 90.0 cm’® -] 828 cm’ol M| W EA e O (p<0.05), 15%
AT-2t= Zol7F flddth % A v &S S AYEAE 5% A A
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P77 100%2 7H E=gom, dgo® 10% tAT(80%), 15% oAlT(40%)
2o x2=(20%) o & YERE

Table 19. Effects of dietary inclusion of wormwood (Artemisia montana)
silage on the meat yeild and quality of Hanwoo steers fed the diet

containing rice straw and concentrate

Items 0 5 10 15' SEM”
Meat yield

Body weight (kg) 600.4°  641.0°  6760° 6557 144
Carcass weight (kg) 3376”7  3820" 383"  3756° 118
Dressing percentage (%) 56.3" 59.6" 57.2°  57.3° 1.0

Backfat thickness (mm) 12.8° 7.2 7.2 82" 0.9

Loin-eye area(cm’) 82.8" 90.0° 94.0° 85.6" 18

Carcass grade (%, A:B:C)  20:80:0  100:0:0  80:20:0  40:60:0 -
Meat quality
Marbling score® 7.8 12.6% 10.6% 10.5% 1.1

Quality grade (%, 1:2:3) 20:80:0  80:20:0  60:40:0  40:60:0 -

! Percentage of wormwood silage in roughage.

? SEM : Standard error of means.

3 Marbling score: 1 level (1~3point), 2 level (4~6point), 3 level (7~9point), 4 level
(10~12point), 5 level (13~15point), 6 level (16~ 18point), 7 level (19~21point).

3> Means in the same row with different superscripts differ significantly (p<0.05).

FATEAA THAEE A AMdEAE dAS BE AIFT7F 105~12.6
o txte] 7.8 Hlal oF 49% = w9 =A A E A (p<0.05), HA F5
o= Aol7k AT S 169 &2 A% ALY AE 5% A A g
7F 80%= 7HE wetow, o 10% A T(60%), 15% A T(40%) 2
Z7(20%) o2 Eby)

T Kim 5(20022)2 ¥57] AAGSol st %o Foans +937] $
3l AR 0, 3,5 2 10%2 Ax Zow fgAste] Folsge W dx &S

10% thASE Ag o) mMAGEEA 0] 87.00 cm’® HET-¢] 80.00 cm’ell ]}
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Table 20. Effects of dietary inclusion of wormwood (Artemisia montana)
silage on the meat color of loin eye and top round of Hanwoo

steers fed the diet containing rice straw and concentrate

Items 0 5 10 15' SEM®

Loin

Meat color’ L 37.90 36.95 37.22 36.65 2.42
a 20.16 18.38 19.46 18.19 1.05
b 8.93 8.16 8.62 8.32 0.76

Top round

Meat colo® L 35.23 35.73 34.48 33.87 1.67
a 19.44 19.0 19.11 18.42 1.04
b 8.63 755 8.17 7.49 0.68

! Percentage of wormwood silage in roughage.

? SEM : Standard error of means.

* Meat color was expressed by commision International de Leclairage (CIE) in L
(lightness), a (redness), b (yellowness) values.

a~> Means in the same row with different superscripts differ significantly (p<0.05).

up AR 24
A A E S RS AR Folsta M 0, 5 10 B 15%E A%
Atd e A 2 A wolstdls Wl AAMETE s FEe A A v A=
FFS 2ASE A3 Table 213 2t}
t}3t 7)1 5A S 7FA = conjugated linoleic acid(CLA)+= thZFIAA= HET
A gsko, A AMd Y AE AT BE AT E HEEReH, 53] 5%

AT A 7 e ol HEHUT
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Table 21. Effects of dietary inclusion of wormwood (Artemisia montana)
silage on the fatty aicd of loin-eye and top round of Hanwoo

steers fed the diet containing rice straw and concentrate (%, wt)

Ttems 0 5 10 15' SEM”

Loin
C14:0 4.14 4.07 341 3.74 1.20
C16:0 26.15 26.10 25.43 27.36 1.47
C16:1 4.87 465 4.09 4.66 0.76
C18:0 9.17 9.67 9.79 10.54 1.01
C18:1 40.74 45.05 44.18 42.66 2.46
C18:2 3.05 2.69 2.87 2.29 0.42
CLA 0.00° 0.50° tr” tr” 0.08
C20:4 0.00 0.84° 1.00° 0.61° 0.23
C20:5(EPA) 0.00 0.00 0.90° 0.00 0.07
C22:2 707 0.00 5.73" 4.08° 2.15
C22:6(DHA) 0.00° 0.20° tr” 0.20° 0.04
C24:1 4.10 2.06 4.48 4.05 1.86
UFA® 60.53 60.15 60.74 58.35 2.45
06/03 ratio’ 305:0° 167 :1" 43:1* 145:1° 423

Top round
C14:0 4.00 3.55 3.75 462 1.04
C16:0 26.72 23.69 26.87 26.92 2.26
C16:1 4.26 6.36 4.37 6.65 0.84
C18:0 6.85 773 9.75 8.04 158
C18:1 42.36 4872 44.33 42,62 471
C18:2 2.49 2.03 2.47 2.45 0.78
CLA 0.00° 0.41° tr” tr’ 0.05
C20:4 0.00 0.51° 1.32° 0.82° 1.50
C20:5(EPA) 0.00 tr 1.16 0.00 0.07
C22:2 8.84° 0.00 4.34° 5.02° 2.61
C22:6(DHA) 0.00 0.89 tr 0.35 0.04
C24:1 4.47 5.43 6.48 250 2.35
UFA’ 62.43 60.15 59.64 60.41 1.97
06/03 ratio’ 25:0° 29:1*  33:1* 934:1" 456

! Percentage of wormwood silage in roughage.

? SEM : Standard error of means. ° UFA : Unsaturated fatty acid ratio.

1 06/03 1 (Ciga+Copa) 1 (Cops+Cops) ratio.

37> Means in the same row with different superscripts differ significantly (p<0.05).
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Table 22. Effects of dietary inclusion of wormwood (Artemisia montana)
silage on the feed cost and economic analysis of Hanwoo steers

fed the diet containing rice straw and concentrate

Items 0 5 10 15'
Feed intake (kg)

Concentrate (kg/head) 3,420.0 3,480.0 3,480.0 3,480.0
Rice straw (kg/head) 660.0 627.0 594.0 561.0
Wormwood silage (kg/head) 0.0 33.0 66.0 99.0
Feed cost® (won)

Concentrate 752,400 765,600 765,600 765,600
Rice straw 79,200 75,240 71,280 67,320
Wormwood 0 15,840 31,680 47520
Total cost (A) 331,600 856,680 868,560 880,440
Income

Carcass weight (kg) 337.6 382.0 386.3 375.6
Carcass cost (won/kg) 15,431 16,102 16,577 15,327
Total income’ (won/head, B) 5,209,667 6,151,092 6,403,964 5,757,045
B-A (won) 4,378,067 5,294,412 5535404 4,876,605
Index (%) 100 121 126 111

! Percentage of wormwood silage in roughage.

? Feed cost : Concentrate 220 won/kg, rice straw 120 won/kg, wormwood silage 480
won/kg(DM basis).

3 Total income : Meat veild and quality of Al' 17,489 won/kg, Al 17,171 won/kg, A2
16,513 won/kg, B1' 17,068 won/kg, Bl 16,489 won/kg, B2 15,657 won/kg.
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