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Effect of Replacing Antibiotics by Herb Extracts and Digestive Enzymes
Containing Vitamin E and Oriental Medicinal Plants Byproduct on Blood
Serum Cholesterol and Meat Qualities in the Hog Loin Meat

Suk-Nam Kang*, Jong-Duck Kim', 1l-Suk Kim?, Sang-Keun Jin?, and Mooha Lee®
Research Center of Bioactive Materials, Chonbuk National University, Jeonju 561-756, Korea
ICheonam Yonam Collage, Cheonan 330-802, Korea
’Department of Animal Resources Technology, Jinju National University, Jinju 660-758, Korea
*Department of Animal Resources & Sciences, Seoul National University, Seoul 151-742, Korea

ABSTRACT

This study was carried out to know the effect of the oriental medicinal plants byproduct containing vitamin E and 0.1%
antibiotics (T1) and the oriental medicinal plants byproduct containing vitamin E and the replacing antibiotics by 0.03%
herb extracts (T2) and 0.1% aminolevulinic acid (T3) on production performance of finishing hog and its meat qualities.
There were no significant differences in the daily weight gain, feed intake, and feed conversion rate values between all treat-
ment groups. However, the T2 group tends to have a higher daily weight gain (g/day) than the other groups (p>0.05). The
T2 group showed lower total-cholesterol and LDL-cholesterol contents (114.71 and 68.09 mg/dl, respectively) than the con-
trol in the blood serum (p<<0.001), and all the treated groups of oriental medicinal plants byproduct and vitamin E increased
HDL-cholesterol and decreased LDL-~cholesterol contents in the blood serum. Content of vitamin E in muscles from the
group T1, T2 and T3 (2.11, 2.21 and 2.18 mg kg!, respectively) showed higher levels than those of control. The presence
of antibiotics (chlortetracycline) in hog loin meat were detected (0.08 ppm) in control sample. However, there was no anti-
biotic in other treated hog loin meats (T1, T2 and T3, respectively). The thiobarbituric acid reactive substances and volatile
basic nitrogen values of the groups T2 (0.06 mg MA kg™ and 11.21 mg%, respectively) and T3 (0.05 mg MA kg and 8.23
mg%, respectively) were significantly (p<0.05) lower than that of control in loin meat. However, there was no significant
difference between treated samples (T1, T2 and T3, respectively) and control in cooking loss and drip loss.

Key words : Oriental medicinal plants byproduct, vitamin E, herb extracts, aminolevulinic acid, cholesterol, meat guality
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penicillino]THBoison ef al, 1995). 121} FAA Q] F-A}
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Hek AR gAAo AdAS 2te W i

AAgom, SR Azteze] WA Hol Se| AT
BANZ & 9o, ARG ZANAT Al Hp A}
L2 FAH o] Ith(Witte, 2000; Kim, 2005).

AAZ R dut 445 vig), §7] 2 383 F0E
o] BlFo] £A] B FFolAT oldf uig #e] F
H1 ch(Dransfield, 2003). tHA] FBA o) g A=
B3, AAHE E Fepd 22n vAE AA Sl i
2AF A7t I Folh. B3] AAXE E Aol
et phenolic 313HE., alkaloidsT, flavonoids, glycosides,
tannins, saponins 1] HE}YF{ 5L &3 u YeH),
olE°] 7S Z27] wio FAA WAZHAR ol g
7F54do] EtHAhmad and Agil, 2006; Kim, 2005;
Leibetseder, 2004). A tha)A] /Mg A= AAR
o= Fiske FAA oA Aol wEkso], SAFE
AAGE Bk oM, ol B FAAl e, W
QA 2 oluAE Aoz ghEc)

ool & A= AR vl ALl YA hAAEA
HIER E B SRS FERE SHFEEE 2 G4
£ 5SS A AR AR ET =5 &
452 F4 54 2AHE 53 A A BAEAY

7Fsde 2ABIGT,

4 79 FNE

.r}ﬁldg

ool

WE Wy

SE Ak

27) 1t FA7E 5048 kol & 4059 39 wgE A
M5} A (Landrace x Yorkshire x Duroc)& 6947t AFFsly
o HAE FAYEE 78 Yrded, B 3 5 vy
e Fog o] A3S AASIATE URES 0.1%
flavomycin FEEZE A 2]5J 2 (CON), T1 T
2 0.1% flavomycin, 2% 3PIHEARE T18]31 0.01% H]
B9 E, T2 Ml 2% e, 0.01% BIEHIE 2
2|31 0.03% fenugreek(Trigonella foenum graecum) 3
g, T3 AL 2% PEFAE, 0.01% HE E, 19
31 0.1% aminolevulinic acidE H7|3}Pt}. shekr g
< 3L, olF, A, T, 27, Ak v, AEE,
it 771 55, 9X, B, 37, 39, 934, 3,
24, 94, A, AT, 5%, a2 3 Solunt. 7
ZAEE NRC(1998)9] 7|&d] wlg} Azsigon, 7%
Ak} W2 Table 19 UelY QiTh AR B4 L
AOAC(1990)71F) Wt E4819 0, Alge] dulae
16.0%, A 6.8%= UERGTHTable 2). BE Alge] F
oAE AP T FAR FH9E . A@7zE
Az FANEE ZARBK, dB5AH, ALRFAH, A}
2a788 ZASIT,

_—

Table 1. Formula and chemical composition of experimental
diets in finishing phases

Feeding diet Percentage (%)
Formular of ingredients
Corn 44.64
Wheat 20.00
Rice meal 2.00
Soybean meal, 44% 6.32
Dehulled soybeam meal 10.00
Rape seed meal 2.00
Palm oil feed 1.00
Corn gluten feed 2.00
Tellow _ 1.50
Molasses 3.00
Lysine(sol.) 1.16
Methionine 0.04
Threonine 0.07
NaCl 0.32
Lime 1.00
DCP 1.40
Premix 044
Penbentasol 0.01
Chemical composition
Moisture 12.09
Crude protein 16.00
Crude lipid 6.77
Crude fiber 2.78
Crude ash 5.65
Calcium 0.80
Total-P 0.60

Al22f x|

Ao AHEE FArgE T29Y PAS wol ¥4
< BEF 71EE o]g3l] B5AY. ASAEE E5
12717 o] %ol ZHAX WS A AT, JFEAZ OlF ice
H2o] gol APAE &7 F =2 244]7F o] %o pHY}
ANES AL 4ol A 747 AR ol F9)
VBN, TBARS 181 2a)7r3e 2AlEgon, =eze
2 20°ColA TATE AT o)Fo HEHE =Y 5
ZARIET 489 5 FEE 2 vjell g9 S
ZAFE7) $1EiM Alg e 20°CA R AEgd
3E3sle] Aol o83t

BES2HE

Iml @& L4E-2](2,000 rpm/20 minyste] B& &
Zate] Aol o] g3t EElE FHL -20°CoHA B
B A7 A9 A  kit(Total Cholesterol E-Test Wako,
Wako Pure Chemical, Osaka Japan® ©]-83}o] ZFg~
HE, HDL-Z9~HE 81 LDL-ZdAHES 43t

At
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215¢] ?4_*{*3%% AOAC(199O)0ﬂ wE} 2, Aa

NS SYBTRA

1) Tetracycline 7|&E2|

AR FREA 19 4 54 AE9} 0.1 g Oxalic acid
9} 0.1g EDTAE ¥ #43} AT 1087 AU#A 9
EE AAE oF 2831 voltexE HAISIA] AL FE2E

< THA] SmL acetonitrile/acetate(2:1)9} TAS AT A
7@5} o|% 5,000 rpmoll A 2087t YARE S AEAS
Hol A4S flushingdlHrt. 919 #PL 33 W 35
3IT). ©]F 2mL o) FARS H7FS}AL 2,000 rpmol A 282
ZF 1057 4R o)F AEHS 045 um filterZ BEISH
©]% 2010 pump(Jasco Europe S.R.L., Como, Italy)7} &
Z+E HPLC(Jasco Europe S.R.L., Como, Italy) system-=
o|-8&ted ¥A319}. HPLCY BAZ7L UV :360 nm,
o5 0.01M oxalic acid/acetomtrlle(SS/lS) Y : Xterra
C18 column(30°C), 12|31 : 1.0 mL/mingGch. 3 E-2
ol gFEE L sulfamethazme, sulfamerazme, sulfadimethoxine,
sulfamonomethoxine Z18]3l sulfaquinoxaline®]| AT}

2) Sulfa AG9| SHHE R 2M

A& FBo 1go] B2 54 AR} I mL 0.1% KH,PO,
£ & o]% 5B 743} ©]F 8 mL acetonitrile® 305
x4,

10,
4 sz
A
o
)
&
o
ol
O
rulo
L
3%
_Q
-
. o
_L
Zi
tlo
Eéi
oo
o
o

Bt B)<ret /‘J %“’“% acetonitrile= :ﬁﬁ}/\l 15 mL
hexane?} 33t AAE flushing o] F FEFES 1 mL
50% acetonitrile®} 1 mL S-F<roll 521 ©]F 12,000 rpm
AN 3087F AARF3IGT. QAR o]F Ap=lL
0.45 um filter= HEJS}] 2010 pump(Jasco Europe S.R.L.,
Como, lItaly)”} 2% HPLC(Jasco Europe S.R.L., Como,
Italy) systemS ©]-8-8}e] #-213}9Ith HPLCS] BAZAL
UV :270nm, °|F4 :0.1% K,HPO,(pH 3.5)/acetonitrile
(84/16), ™ : Novapec C18 column(30°C), 18} -§<&
2 1.0 mL/min¥t}. gGAEZe

oxytetracycline, chlortetracycline Z18]3L ampicillin®] ]t}

>_1

X FEF-L tetracycline,

6) Al H|EIRI E S

HIE}] E9] #49L Buttriss¥} Diplock(1988)2] #H-&
Wl AAEIAT 2 g0] E8 5418 9.0mL 1.2% KCI
(WvE Z31F 23T 2mL #ARS H3le 2.0
mL 1.0% pyrogallol(in absolute ethanol}¥} £33ttt o]
% 0.5mL 50% KOH(wA)E E3Hskar 70°C 3004 30
7t 7VE3k saponifications 3HTH ©]& iceol| A Wzt

3}, 0.001% BHTZE 113+ 4 mL hexaneZ 23] o)A} 3]
F3laTt 3 olF AAE o|ga flushingd}aL THA
1.0 mL hexanedl] =& 448 9]t vialell o] 2010 pump
(Jasco Europe S.R.L., Como, Italy)7} A28 HPLC(Jasco
Europe S.R.L., Como, Italy)Z ©]&-5le] #-243}9t}. HPLC

27L& UV :292nm, ©l57¢ : methanol:water(97:3 v/
v), 29 :C-18 column(Hewlett Packard RP-18), 18] &
2 ;1.0 mL/min$th.

7) A= pH
pHE = 24A17F o]F 9 pH meterModel 5985-80
Digital sense pH meter, Cole-parameter instrument company,

USA)E ol-g31d =48kt

8) TBARS(Thiobarbituric acid reactive substances)
2t VBN(Volatile basic nitrogen)

AW b == A 793} Witte 5-(1970)2] HPHo 2
223519921, mg malonaldehyde/kg A Z2] FtO.E HA)
St} ud RMul = AR 7943l Conway(1950)¢]
el whel 48Tt

=1

Ztak
S
X

L
P
o
oy
o

-
y —HOA3
o AFEE 2

3x 4 cmZ YA Hsie]

_ Wb
i)
W g
s ]

AE EA8IALA), A AES ¥ 90 water batho]
A X7 7FEE T THe] Ed & FA ] =74 (B)3}
3L 7ERFe] FARleld] wet xe|ARS AR
=zkeke Al 100 g& AHWo) Ho}x 1 Jggat ok
Z Z7M717) 9aiA] 787 10°Co A AR 5 o] F 7t
Fe ARSI

10) SAIXz2|

B Aol Aufl= EAEAE T2 T3 SAS(2000)S

Sgeel TARAS FRET, HIT H94 e
Duncan®] Multiple range test2 A g|7ke] A3} xjo]E &
Heict,

7=lj|_|. al 71Xk

= x A=

[

AIEXIE

SR Ars 9 HERIE H7RE(T 28 FAA A
24 A HH3EE 2 54 JYF@EE 2 2 )
o AF, AFFAY, ARAAT 21D AR 2T gl
m 2 G| thek A} Table 20 JERY Ytk AE
o tigt ZAMIA 27] B HSE7|9) AMESS AT
AT WA FeFd x}o] VIR gt
HZH(CON) 2 FAA RIS A2lF(T2)Y) YG5A)
Fol Al@wre) vlaol A1 BA vehort A

>
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Table 2. Effect of antibiotics and alternatives on performance of finishing pigs

CON T1 T2 T3 USE Pr>F
Initial Weight (kg) 5110 191 50.06+ 2.16 5029+ 2.33 5045+ 2.24 4.69 0.736
Final Weight (kg) 107.05+ 5.75 101.34+ 8.94 107.84+ 8.03 105.21+ 6.79 55.89 0.231
Daily Gain Weight (g/day) 106.40+ 5.74 100.71+ 8.95 107.20+ 8.03 104.57+ 6.80 55.94 0.232
Feed Intake (g/day) 2124.08+179.60 1829.11£79.12 2133.42+264.94 1958.35+145.18  32446.23 0.388
Feed Conversion Rate 247+ 030 249+ 0.42 257+ 048 248+ 0.31 0.15 0.992

CON = basal diet + 0.10% antibiotics; T1 = basal diet + 0.10% antibiotics + 2.0% byproduct of medicinal plants + 0.01% vitamin E; T2
= basal diet + 2.0% byproduct of medicinal plants + 0.01% vitamin E + 0.03% herb extracts; T3 = basal diet + 2.0% byproduct of medici-

nal plants + 0.01% vitamin E + 0.1% Aminolevulinic acid.
UStandard errors of the means.

Q1 FrolAde vEREA dskor, Al Q78] HlwolA
A dhAER Az(T2)e] 7P =4 Jvedod &
217 ¢l z}oli= YeRA] STt Pinelli-Saavedra® Scaife
(2005)2 A= AEEC] HIEFT ¢ € 8]ElT E 200-400 mg
kgs HPS o JFE IS vAA YT B
19 AXBIYL, 2 S(2004)9) IPLRAE D Hlo)Q A
2] EEE APl dBSAFel J3o] v B
o Ax3Ych BLAITE, Macit $(2003)2 AbEo] 15-45
mg/kg F7F2 gl HIEN EQ] Fo7} W] d9=
A% 2 AREES /AT Buskgon, Clifford
(2001)2 ZAeA HIE E7} A5 2 HAES
& 7H2Ya siaE, olEd] Aael dXHA] it

o EM. ZAHE

84 FY2EE TS AFEY kitg o83t B4
BIATHTable 3). @AY FF2HE T v=77) 7
2 A JEiteH, T2 Agie] 2Ry e 7
H2EE TS Jepiglen, ez T1 ¥ T3XE+F
7h A VRt

ol HDL-ZY2eE9] 25 T1 Aol 718 =4
ehtom, 2, T2 28l T3 H&7S 45.00-46.08
mg/dLO 2 T1 AT ET} @A Yepdrt. 3 LDL-Z3)
ZHEFF] Feodle txgol 7P w4 vehsen,
L0 2 T3>T1>T2 £22 Yeh} T2Ag0] 94
o2 7FY @& LDL-FE 288 &3S Y. o
3] AT o)ie] A} RAET vE] B9 A

7} HDL-ZH2H &S £92oH, LDL-ZAHES Y5
£ 3R} JSS ¢ 5 A B A7AES HA
A3}Al(Gey et al., 1993), d-F-A(Leontowicz et al., 2001),
81okA) (Choi er al., 1996) 18]3 &) #| 5 (Frankel et al,
1993; Jessup et al., 1990; Riemersma et al, 1993) 59
228 F93I9S o 39 LDL-FEHAHE $HS 7
2AZIYa Basldnt. o]’ Aee hERAHE | H|
ERIE 218l3 3BFEE0] Yo FIYlEE TS
van, 33U LDL-ZY2HE 33E UFe o=
7teth A5k Hong 5(2002)0) AFe FHtRAMEo
LDL-ZE 28 & 3o 7tad] JFE T4 =t B
9} YX|FIA] @gkowm, Z 52004y FHERAE H b
o) Aty EFE F7t £59 FH2EE TS
FA) Fdrhe Hiaeh YXI3HA] Zstrt

gt

HHAIR B0 T2 244]7F o]F¢l] AOAC(1990)2]
B, A, g, o S1EsES ZASHITH Table
4). T1, T2 Z18|3 T3A L9 48 B J& o]
TRY =4 vehgor, A e tlaTEY WA v
ettt AT gd FaRe AT vl A
Hog FolH2l AolE vEhiA] &3t

HuEY TA G
ARGYEAE 2] U9 AL H £ 20
'col AP A7) SR o)) UAISATK Table 4).

Table 3. Effect of replacing antibiotics and alternatives on total cholesterol, HDL-cholesterol and LDL-cholesterol content in hog

blood serum (mg/dL)
CON Ti T2 T3 SE Pr>F
Total-Cholesterol 148.73+5.02° 137.10£1.92° 114.71£0.96° 133.71+0.96" 11.19 0.001
HDL-Cholesterol 45.002.00° 59.42+0.41° 46.62+0.14° 48.08+0.13° 1.64 0.001
LDL-Cholesterol 103.73£5.93° 77.69+2.33% 68.09+0.82° 85.63+0.83° 15.44 0.001

CON = basal diet + 0.10% antibiotics; T1 = basal diet + 0.10% antibiotics + 2.0% byproduct of medicinal plants + 0.01% vitamin E; T2
= basal diet + 2.0% byproduct of medicinal plants + 0.01% vitamin E + 0.03% herb extracts; T3 = basal diet + 2.0% byproduct of medici-

nal plants + 0.01% vitamin E + 0.1% aminolevulinic acid

#“*Mean=S.D values within the same row with different letters are significantly different.
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Table 4. Approximate analysis, vitamin E contents and antibiotics contents of hog loin meat

CON T1 T2 T3 USE Pr>F
Approximate Analysis (%)
Mositure 74.14=1.21° 76.40+0.78* 77.16+0.87% 78.00+0.95* 0.77 0.002
Crude Fat 6.93£1.80° 4.49+0.83° 3.84+1.04° 3.30:£0.54° 0.95 0.0049
Crude Protein 17.52+0.70 17.57+0.30 17.45+0.31 17.07+0.54 0.14 0.275
Crude Ash 0.94+0.03° 1.08+0.09* 1.10£0.08* 1.11£0.07* 0.004 0.035
Vitamin E (mg/kg) 0.66+0.15° 2.11+0.06* 2.21+0.08* 2.18+£0.09* 0.01 0.001
Antibiotics (ppm)
Sulfamethazine Ind nd nd nd - -
Sulfamerazine nd nd nd nd - -
Sulfadimethoxine nd nd nd nd - -
Sulfamonomethoxine nd nd nd nd - -
Sulfaquinoxaline nd nd nd nd - -
Tetracycline nd nd nd nd - -
Oxytetracycline nd nd nd nd - -
Chlortetracycline 0.08+0.01 nd nd nd - -
Ampicillin nd nd nd nd - -

CON = basal diet + 0.10% antibiotics; T1 = basal diet + 0.10% antibiotics + 2.0% byproduct of medicinal plants + 0.01% vitamin E; T2
= basal diet + 2.0% byproduct of medicinal plants + 0.01% vitamin E + 0.03% herb extracts; T3 = basal diet + 2.0% byproduct of medici-

nal plants + 0.01% vitamin E + 0.1% aminolevulinic acid.
YNot detect

““Mean+S.D values within the same row with different letters are significantly different.

5 HEE T Z:*}EH*J?_ sulfa-Al¥ 2 tetracyclineZ)
d &-8-7]1F2 0.1 ppm ©l3}o]
= R BSgs S hacl 7&% {%%EX‘ ZAY| A sulfa-A)
A ESkeh. spAIRE g2l A
tetracyclineZ] 8] $JE-A2] chlortetracycline®] 0.08 ppm
o] AEHUtt. o] e Il F871FE He vl U
o}, TetracyclinesA| 2] AYEAL Streptomyces spp.ollA
g 22 sy 18¢ETY] Be At
Z-& 7HA)AL )em™, 308 ribosomed] AFEhe] ThyA
AAAS Wallele EZolth(Kennedy e al., 1998). A
25 2 FHekAoll= thkgt phenolic 3F5HE-, alkaloidsT,
flavonoids, glycosides, tannins, saponins ~1¥]3l HIEFIF
52 3hyela e (Ahmad and Aqil, 2006; Kim et al.,
2005), o}&°] TS 27| W&o JAA A ELR
ol 87l do] Eohal AlEE T

==L{ H|E}2 E &2

280 v Bel ke ZAfe] 918 A EgE
THE 20°ColA A3 A7kA] WEH Tl A
EHE"O‘]—O:] EAMS AAISI9 T (Table 4), 5 Wl vEl E
o] kel A% T1, T2 183 T3 HAFH(2.11-2.21 mg/
kg)o] THZT0.66 mgkg)Rtl 48] A% =A] VeRG Ao
o Be JlEe ATAES e kel FHe 28
Z5F wet R H(Chan et al, 1996; Jensen et al,
1997), %%o wet Yebalch, 25 WE o) 23
< HEW EE 715 998 o Fo3ks 71zko] 2

- L
= e

3= HIEl E9] Feol #&7F UL B
i 3kt Morrissey et al., 1996). 2= Ade] A3} T1, T2
aya 13T 25 RlER B} §Heko] tixw e
st Bt A Uehd Al F] HlE gleko] 259
Heh o 93¢e FAT= RuEF A5
Faustman 5(1989)2 $-5¢] S248] kA Yl A4 o4
< 9eire 5 BlE B9 5] 3.0-3.7 pg/w’t H
oo} Flttal Rarstgdrh. Bgh Hujel S € BB E
= 2189 A (King et al., 1995; Pfalzgraf et al., 1995)
ot} Z#Miller er al., 199HA A% B3 EA] ¢F7] wii-
o A% Agont Abeel Be FTE WAA Heka
o0 Sl o APAGE R ) £90 3
= AGEHES & gAY Jeka &
O (Larrauri et al., 1996; Lin, 1994) Aok 24 F
ARl e B 4o H]F)r‘j]o H| 25 oheksh

gEo) Pty glo] we WERI /A
3l kil EarE vk

ol

”

O

&
[«

1__

X
g
rok

7S .

g]r

o &
Jo it of 38

mlo

pH

53 2407 o]Fol] 52 pHE ZARY 2= Table
sl VR stk AN 59 £ 24A13F o]F9] pHe
5.54-5.68 F=o]om, T1, T2 1&]aL T3¢ AHlte] Ul
ZTRT T U YeRg o 3”1 2ol glslth
Park 5(1998)1} & 52004y SHIHAES A
sae u AT pHrl SolFoe: wrha BRIshy
th o)Ed A= 2 AgH AR esith AR,
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Table 5. The result of PH, TBARS, VBN, Cooking Loss and Drip loss of hog loin meat

CON T1 T2 T3 S.E Pr>F
pH 5.68+0.24 5.54+0.08 5.63+0.03 5.57+0.06 0.03 0.6159
TBARS (mg MA/kg) 0.51+0.05% 0.3240.06" 0.06+0.01° 0.05+0.01° 0.002 0.001
VBN (mg%) 15.07+0.66* 13.81+1.55% 11.21+0.48° 8.23£1.14° 0.94 0.001
Cooking Loss (%) 38.76+1.19 38.05+0.69 38.46+1.02 39.92+0.34 1.04 0.1433
Drip Loss (%) 3.71£0.16 3.61+£0.05 3.46+0.21 3.35+0.25 0.03 0.1609

CON = basal diet + 0.10% antibiotics; T1 = basal diet + 0.10% antibiotics + 2.0% byproduct of medicinal plants + 0.01% vitamin E; T2
= basal diet + 2.0% byproduct of medicinal plants + 0.01% vitamin E + 0.03% herb extracts; T3 = basal diet + 2.0% byproduct of medici-

nal plants + 0.01% vitamin E + 0.1% aminolevulinic acid
DStandard errors of the means

#*Mean+S.D values within the same row with different letters are significantly different.

Hong 5(2002)} %319} ARSI} o5& Aok 2 %
3 ERE AFPY A% pHt EEw G Aol
£ Holx Rtz wusigT

XA = (TBARS)

23327 Aol 4°C WFHAA 7U3E A o) F
A S (TBARS) Z788 A8l tH(Table 5). iy
AHE Xelt T19] TBARS #te] thiZ74(0.51 mg MA/kg) %k
B} 9A Bl o™ (0.32 mg MA/kg), A SHAIA] A2
T2 2 T30 Z4Z} 0.06, 0.05mg MAKkgL 2 7} e
TBARS #+& YeRfdth 454 HlEl] Ex nEEZ=E
o}¢} wlo] T2 &0 el S o] 41sletysle] 7]o33)
H, JAAEH - e Zdsie] Axeke] kgAde
AT 2L, 7 HEE A HPUFA; polyunsaturated fatty
acid)?] 4H3}E WHA|SIA = I} (Mitsumoto er al., 1993;
Schaefer et al., 1995). o|&3%}t o]-f& ZZ = nlgly] E
9] F=rt FUFsH A5 AGY F Akg ek Aol &
7VeHHBuckley ef al, 1995; Jensen et al., 1997; Monahan
et al., 1990).

TBARSE 2§)x] o]#] A9 7|Eog AMSEH I
e, A4 £82] TBARS 7o) 0.50 mg MA/Kkg ©)4+
A FellA o]FH 7} P ARk BarEa Q)
H(Dirinck er al; 1996; Lanari ef al., 1995; Monahan ef
al., 1994)2 0-10 mg kg'2] HlEM] EE Fo3l9Ss o &
2] TBARS #te] W3 A% 6ol 0.50-2.96 mg MA/
kgolghi B ustgon, 200 mgkgl 2 FATHE =714
4 o A7 647X TBARS 3ol 0.50 ©]3H0.16-0.58 mg
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