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Abstract

This study was conducted to compare the quality of the pork from finishing pigs that were fed diets containing different
levels of methyl sulfonyl methane (MSM). A total of 135 crossbred pigs (Landracex YorkshirexDuroc) were fed either with
a control commercial diet or the control diet supplemented with 300- and 500-ppm MSM for 158 d. The pigs were slaugh-
tered at approximately 110 kg live weight and were transported to the local slaughterhouse for electrical stunning followed
by exsanguination. After the slaughter, the pork muscles were dissected from each carcass, placed in wrap package bags,
and stored for 8 d at 4°C. The TBARS values of the pigs that were fed MSM diets were significantly lower (p<0.05) com-
pared with those of the pigs that were fed with non-supplemented diets. The Na, Mg, and Ca contents of the dietary MSM
were significantly lower (p<0.05) than those of the non-supplemented diets, but the Fe, Cu, and Zn contents of the dietary
MSM were significantly higher (p<0.05) than those of the non-supplemented diets, and the increased level of MSM supple-
mentation resulted in higher sulfur contents. There was no difference among the diets in terms of amino acid content. The
dietary supplementation with MSM, however, led to increased saturated fatty acid and decreased unsaturated fatty acid (%)
in the pork muscles (p<0.05). The sensory panelists recorded greater marbling and overall acceptability scores in the sam-
ples with 500-ppm-MSM dietary supplementation (p<0.05). These data suggest that supplementing pig diets with MSM can
improve the quality of the pork and can enhance the eating quality because the sensory panels found that the pork from pigs
that were fed an MSM-supplemented diet had better sensory characteristics.
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(Engelke et al., 2005; Williams et al., 1966). 32| MSM
= AR 1% 4, #EES FHEE 1E8S 20)7)
2l AFREAFOE d] ARET th(Hasegawa er
al., 2004; Kim et al., 2006). MSM2 Aol A w2 A ul)
AEH, FE dide 2 SN 909 < 1.5-
20 g/kg FASAE AV DA R Fdorar sk
(Magnuson et al., 2007; Otsuki et al., 2002). MSM& &
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Yorkshire)xDuroc] 13575 2+ &G vlt} 4554 (&
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o FAEo] e YBS o|g3lY AREA 53Tk
AlERst] ik 87 7] Y5l fsto] Huid
ARRS] £ 717HE 387 A f8 FolAEd)
A ET= &3 110kg7t A §38 17181 9,
AT 12 A 6.3kgARE 30€3) ANEE {38 300
ppm A7} AT 252 AE 63kg(AHE 30UH) §3S
500 ppmrs FRIALR O H7Fste FoI3t9it. B AJ-o) A}
L5 AlF9 ZALS Table 13 2om, HA7lsEE 834
Y] FDAONA] 5913 MSM(50,000/8) kg)L 4=¢5ke] A}

Table 1. Ingredients and chemical composition of basal diet
for feeding trial

Basal diets for

Ttems Growing pig Finishing pig
Early Late Early Late
periods periods periods periods
Ingredients (%)
Yellow corn 47.57 58.90 67.32 69.25
Soybean meal 31.20 30.85 23.60 14.68
Wheat bran - - - 5.65
Wheat 10.00 - - -
Wheat flour 3.00 - - -
Rapeseed meal - - - 3.00
Limestone 0.49 0.74 0.43 1.00
Tricalcium phosphate 1.59 1.39 1.92 0.84
Salt 0.10 0.25 0.30 0.30
Vitamin" 0.10 0.10 0.10 0.10
Mineral® 0.10 0.10 0.10 0.10
Animal fat 4.70 4.47 2.16 1.00
Molasses 0.50 3.00 4.00 4.00
L-Lysine HC1 0.20 0.10 0.07 0.08
DL-Methionine 0.15 - - -
Antibiotic 0.30 0.10 0.00 0.00
Total 100.00  100.00 100.00  100.00
Chemical composition
Crude protein (%) 19.50 18.50 16.00 14.00
Lysine (%) 1.20 1.10 0.90 0.75
Methionine (%) 0.36 0.33 0.27 0.23
DE (kcal/kg) 3,515.00 3,500.00 3,400.00 3,300.00

DVitamin: vit A, 4,000 IU; vit D,, 800 TU; vit E, 15 TU; vit K;, 2
mg; thiamin, 8 mg; riboflavin, 2 mg; vit B,,, 16 mg, pantothenic
acid, 11 mg; niacin, 20 mg; biotin, 0.02 mg.

PMineral: Cu, 130 mg; Fe, 175 mg; Zn, 100 mg; Mn, 90 mg; 1,
0.3 mg; Co, 0.5 mg; Se, 0.2 mg.
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Z7e ENAIF - 110kg7kA] Aol Tl Qe
WEAEE Fo, M 12 ARl {3 300 ppmS
MAAZF 6.3 kgiEl FE8AFTI 110kg7hA] 158¥7 &
o, AT 2= FFS 500ppm HIIEIA MAIAZ 6.3
kg%E F8A] AF2 110 kg7HA] 15897 Fo8tdch. F
o7)17ke] Ed 3 dBH o7 wE3le] EGo TARY
(¥ 539 23S F - HFs] AT F A
SHHESl] wrapO 2 72 & WAALRE(4°C)0A 2,
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Beuge®} Aust(1978) 5-9] WPHE o] 88le] A8 AF
Y=+ AlE 5¢ol butylated hydroxyanisole(BHA)
50 uLe}t FF<= 15mLE 7138 polytron homogenizer(IKA
labortechnik T25-B, Malaysia)@ 14,000 rpmef|4] 302}F T
A7l $ F-4Y 1 mLE Al Yo, v 2
< 98t F71EE TBA/TCA EF-8 A|ZE thiobar-
bituric acid(TBA) 2.883 ¢& <H/< 100 mLol] =9°]3l(a),
trichloroacetic acid(TCA) A]9F& Z£F-9= 750 mLol| £Hd3]
=) B, a+bZt 1000 mL H=F FHFE 7K
oF. TBA/TCA EF-E 2mL o] 3] T3k kg,
oo°ce} F2gzoM 158 EHF F WAAA
3,000 rpmeol| A 1027+ A4l A1 A4 E2-2]3E sample
9] AZ-8& 34351 spectrophotometer(Model Genesys 5,
Spectronic, U.S.A.) 531 nmol|+ &35 =49t

TBARS %t = 3% 3] x5.88
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b oA Azl & gagitt 132 e n)
&% 34382 1 NS Whatman No. 62.8 of3}sic} 1
d o HE volumeS 100 mLE PErh RALS ICP
spectrometer(OPTIMA  4300DV/5300DV, Perkin Elmer)=
o]-83}d Na, K, Mg, Ca, Zn, Fe, Cu, Mn, P 2 S ek
< 48k

ICP 2| x 3| Aul|4 = 7% g2 (ppm)
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o} 110£1°Col 4 incubationr] 7] & oJistct. &
I8 AAAF 7] Y8 100°CY] water bathol| A A3
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71 & olu| =4t AF5E-4d 7] (Pharmacia Bioteck Biochrom
30, UK)E 413519t
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AA 228 Folch F(1957)2) WHe 2 chloroform¥}
methanolE FZ3FA T AR 25 goll Folch 8-<(CHCL,:
MeOH =2:1) 180 mL¢} BHA 500 uL.E 931 7271(2,500
pmE 13%7F 723471 T 0.08% NaCl 50 mLS 3
7ske] 3023F EE0] TS F 3,000 pmell A 1087t
QAR AT AL aspirations B3k A AL B
22 funnel filter paper®] sodium anhydrous sulfateS 3
7}¥sled filtering 3} FEE-2 rotary evaporatorl A &
ZA17)2 Nl w3 8ulE AASHATE wd# ol
2 Folch 5(1957)2] HPHOo 2 F&3) XA 80 mgS screw-
capped test tubeol] Wil ALFZH FlA BvlE AATH
& (.5 N NaOH(in methanol) 1 mL& %Il 90°CollA 78
Fot TkERAAIZ] TR AR(22°0)0 A 5% B WA
Atk #g] AR 14% boron trifluoride 1 mLE 7}
3ted 90°CollA] 1087t methylation A17] & 3083F A&
oA WX Hexane 2 mLi} S5/ 2 mLS €1 GC
$498 9i5to] 42 I mLE H5ekd GO $H
FaolA BT

Gas chromatographic analysis
Total fatty acid®] =82 78171 913l 3]<=3} sample 0.5
uLZ split injection port®l injection 3}l oJHj& GC %

72 Table 29} 72t}

A2

=4

B HAgoA Aol Az o] FAAEE SAS(Statistical
Analysis System, 1999)5 o]-g3ale] FAHEAE AAEHA
31, A Here] 794 248 (p<0.0512 Duncan®] T
A (multiple range test, Snedecor and Cochran, 1980)
oz ATl F2AQl Aol Hlawratsitt.
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Table 2. GC conditions for analysis of total fatty acid compositions

Items Conditions
Instrument Hewlett Packard 6890 Gas chromatography
Column Supelcowax™ 10 fused silica capillary column 60 m x 0.32 i.d
Detector Flame Ionization Detector (FID)
Initial temperature 50°C
Initial time 1 min
Final temperature 200°C
Final time 40 min
Injector temperature 250°C
Detector temperature 250°C

Oven temperature

180°C (6 min hold) — 5°C/min climb, 220°C (2 min hold) — 2°C/min climb, 240°C (20 min hold)

Carrier gas N,
Split ratio 10:1
2 ¥ IFE VAL, EFE, Flotrd SE R Lrldlol= FE& A
43 degle), 53] delstol=e o)HE Bt B
e F015-F0| £ SHo| XYLSHTBARS)H 01Xl = 224 Itk Du 52000/ AF717e] Zskgol wh
= oyat 2} Al FjE]e] TBARS #to| 53tk Hao} I3}
&S FA8l] HIgAD £59 S4ARAE PE Ja, olv AR B¢ Adaske] 18] 97 Ao

ot WAL=l 8UE AFBPAN AAHA A
WAL MElE vwEk A= Table 33 2T}

A 2F Foll EAshs BXESARS A 23]
%|o] hydroperoxide 5 FAISHE-S 24351 T} DNA
o £4& Fo EdWe] & WS faie, T3]
o} =315 £XI5le, Ao FAE AT w=§ &
7 SAFS Ahde] WE TBARSY AL Hajzle) A

7= AR7F HI IOERA, 1975). £38 Foi5s
= gelste] AikE =8 549 Al A E )

At A AR7IRE Bt UlERTo) Biske] £33 3o
T7F e AR Bolon, B3] AR 4YdE £-3
500 ppm v AE]7F 279 §-8 300 ppm 3] X
2o Hlgte] fejHom vre AAsE HYon
(p<0.05), A% 790 LA oll= 2Tl vIsk 3¢ F
o M7t Fojdoz e APAEE B YThp<0.05).
AR71Z ] WE HladdsE BRE X7 2477
Aot et feFH oz F71E A THp<0.05). ARk b
= 12} ARAA4E2] hydroperoxideZt HE Bajabs

o 2 k|

o 4 ol

)

23 BUsch AR #3 Folh Eg9) At
e oAstel A A APIINE AL F A A
oz Amgg.

& F0iTE0| =] Sal9| 2 540 o|Xl= Pt

FEE Tt HISAIR 59 FARAE $12F
ato] WAREM@C)elA 8UXt AdatHA BAIARI HHe
ZAAF W3 vwE 27h= Table 49} 2t}

T2 FoAFEol S FeHAL FIFHEE] S0
RE QS 2N 2% A ARZ7IRE B¢ g2
vlste] 13 Fo] Aot & 4% nyon, A%
27190 2¢ole vz Hlgt] f-8Fo] Mt /o
How & S4& BATHp<0.05). A7 ZAtel] uw}
& HlaelA BE X77F A7z BT fo
2l xpo)7} ATt Jang 52006y BWEAA FE F
A AL {8 g Aot gzt viste] fo4
o2 Uiy Bused(p<0.05), & A7 thzT
7F 8 5o Aol Blgte foHom we vl
235 Bt BE 549 Wie SF4E, $49, 27

Table 3. Changes in TBARS (mg MDA/kg) of pork loin from pigs fed methylsulfonylmethane (MSM) during cold storage at 4°C

Storage (d)
Treatments? ge
2 6 8
CON 0.094+0.011°¢ 0.110+0.010%% 0.126+0.018° 0.210+0.030"
MSM 300 0.076+0.011¢ 0.103+0.005° 0.104+0.013° 0.174+0.015%
MSM 500 0.078+0.016° 0.088+0.0085¢ 0.114+0.018° 0.170+0.00282

D' CON: The pig fed with commercial feed (100%), MSM 300: The pig fed with commercial feed (100%) with MSM 300 ppm for 158 d,
MSM 500: The pig fed with commercial feed (100%) with MSM 500 ppm for 158 d.

AB Means with different superscript in the same column are significantly differ at p<0.05.

° Means with different superscript in the same row are significantly differ at p<0.05.
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Table 4. Changes in sensory characteristics of pork loin from pigs fed methylsulfonylmethane (MSM) during cold storage at 4°C

Storage (d
Treatments” ge (@
2 4 6 8
CON 4.50+0.588 5.50+1.00 5.75+0.96 5.00+0.82
Color MSM 300 6.75£0.824 6.25+0.50 7.25+0.96 6.00+1.41
MSM 500 7.50+0.58%2 5.50+1.29° 6.50+1.00%® 5.75+1.26°
CON 5.50+1.734 4.25+0.50 5.00+1.63 4.25+0.50
Drip loss MSM 300 3.00+0.828 4.50+1.29 3.75+1.26 3.50+0.58
MSM 500 3.50+1.008 3.50+1.73 4.00+1.63 3.75+0.50
Marblin CON 5.00£0.00¢ 5.00+£0.00¢ 5.00+£0.008 5.00+0.00
score & MSM 300 6.50+0.585® 6.25+1.26"B® 7.25+0.504 5.75£0.96"
MSM 500 7.50+0.58* 7.25+1.71* 7.75+0.50* 6.50+1.29
CON 4.25+1.26 4.25+1.50 5.00£1.63 4.50+1.73
Aroma MSM 300 4.75+1.89 4,75+1.50 6.00+1.41 4.75+1.50
MSM 500 5.25+1.71 4.00+1.63 6.00+0.82 5.00+1.41
CON 4.25+0.96% 5.50+0.588 5.25+0.968 5.50+0.588
Accept- ability MSM 300 7.00£0.824 6.00+1.1548 7.25+1.26% 6.25+0.96"P
MSM 500 7.75+0.50* 7.50+1.294 7.75+0.96* 7.00+0.82*

U CON: The pig fed with commercial feed (100%), MSM 300: The pig fed with commercial feed (100%) with MSM 300 ppm for 158 d,
MSM 500: The pig fed with commercial feed (100%) with MSM 500 ppm for 158 d.

AB Means with different superscript in the same column are significantly differ at p<0.05.

ab¢ Means with different superscript in the same row are significantly differ at p<0.05.

4
A diETet 8 7o M) wladde T
vjste {3 Fof XElavt W SEAEE B,
53] AF 2ol 27l vlste] £33 5o Aot
fFojHo g e S5AEE HAth(p<0.05). X777
Ao W2 W3l ME TE AT 7 F2E Zolrt
AATE AHIAEY AAS FeldE ZAIAN 2RSS
Aee o) 85 =N SA - Fol wet AeoRE
7Vt F571 47%E Ve A} Zo) 71 A
of g3ke mR= 8<lo] HeE Aoz HIiHAKKIm
and Lee, 1986). SAITE ol Auke] &2 A g s3]
= vEE 230w A ARV Bt izl Hlsh
3 3o Al ooz L A §EE W
Hom, M PERE dE2T <% 300 ppm = A
T < f3 500 ppm H X2 Fo2 A ol
F2 307 YeRgth Jang 5200608 AT-dTAM =
7ol vigled §38 Fof Xl 22 A
< H9da Ak AV Al e A g
& Wl M= BE Ak 49491 Zolzt isieh &
wH o g TR o] #eE B G = 7R
et ol2-2 o)x] AYEA| kot o] AFERE
A 2 7R 7Fsd a0 HaEa ok A MlEe

d

3l 1 o] AA|ZZ AlolofA ot 2 (Nishimura
et al., 1999), S} AA%2] F71 Aoz FoEr A
3 AgoA g24-83 24E A=t (Thompson, 2001)
TEAdo] B =48 WA Scha RojR|ar itk @)
= A AR Bt izl vlste f-3e] ATt
O =8 e ngon F9391 Aole Juoh A%
717re) Ao W HalME BE At A7
o] A% FrlolE Map) gle A= veigth A
A 7154 Bl e vzl wste] f8 5o A
277l FoH R (p<0.05) FE HrE wgkor, £7
ol A ol §8 FodgFol s & 9
74 W Akl A7 wE FA%e] Hapt
o] AAH 7|5l FTFS VXA Fekrh 2719
Hed AL AnAt 2718 A Flsked A3 9%
S nx)7] Wio] a7)e] WA FE F TR FE T

Aw7t 7P 8% 54

i

o2 =A% KN F7 F9E F40] Fop
A o, B $57, vhEE 230, A4
= 5 Wb wol aBlA)
e 1FL =5 Aol e ACR Alsdt

4y 2o

2 Foix=0| 02 2|8 & Mt

a3Ls gl HlSA7) B8 SARMY FUlE
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Table 5. Changes in mineral content of pork loin from pigs fed methylsulfonylmethane (MSM)

Treat- Mineral (ppm)

ments" Na Mg K Ca Mn Fe Cu Zn P S
con 2033 24346.67 253.87  136.85 44.16 175994  7.32 24.83 7708.95  6701.76
111774  +246.85* 15430 £14.01*  £2.99 £173.52%8  +246°  +3.84F £796.30  +447.10°

MsM 300 42207 23986.67 286.20  120.03 4525 349421 11.99 4569 8688.95  7175.09
- +80.25%  £1137.78%  19.70 60748 £1190  £337.68%  x1.01% 5820 £1013.19  £22.12°8
MSM 500 196.53 21493.33 208.80  109.76 33.89 3406.21 12.41 47.39 7519.62  7623.76
R £15.008  £122.20° +2.84 +1 408 £1.47 £25.17%  +0.64* 0444 £141.53  £92.59%

D' CON: The pig fed with commercial feed (100%), MSM 300: The pig fed with commercial feed (100%) with MSM 300 ppm for 158 d,

MSM 500: The pig fed with commercial feed (100%) with MSM 500 ppm for 158 d.
AB Means with different superscript in the same column are significantly differ at p<0.05.

S AR A3Ridl, 7718 5 K, Mn, P g o
79 % g AT 20380 Zelrt glo] 73
w7t QS v|AA] g Ao Jehdth U8 F
Na, Mg 9 Ca &% ®islke 8 g2 st 22 9
g vz AeR vEton, gz niske] 3 500
ppm AT Na, Mg R Ca Fgo] Fo)Hoz 43}
AHp<0.05). Fe, Cu & Zn & & FodpiEo]
< S w3l gz viste #3 5o AT
7} f9A808 B 3RS HATHp<0.05). 43 Fo 300
ppm&} 500 ppm M} T 221 Apolrt gl Ao
2 UeRdth S g izl visked #3300 ppm
o AFe ¥ FEHS BYAT, 48 500 ppm T
AT FYH0E & TS Bk o9 2o 2
7= goEe el Aol F30) 7lesiy, 5%
5 FoFge] S7HEeE FUisithe 298 2.
MSM9] QFAAdL HZ B2 ATENA HriE e, 4
P8 FolA 9047t v FFH5ol MSM 1500 ppme 72

TSl ® o}F-¢l g u|R|A] QSIthi B Sk
5 A4S dEsIThHorvath er al., 2002). A2 o2
nEst] B Foise f80] A vhilg gk g
FEFE U= AoE JERdTh

13
E=e)

& F0{=E0) WE oo it =Y He}

FHE Fosle] HISAIZ E8 S4I15-99] oplieal =
4 H3E Hlwg A= Table 67 2T}

FF FAE] &8 49 opulat Fgol wixl=
B AR Ade o 2rh 2ol A
glutamic acid g5o] 7 Bk, YR30 F aspartic acid,
lysine, leucine -0 2 gafo] EAFH ) ol 2o B
£ Cho 5(2007)°] g AARAY] Jdo] B2 &
A, & 24 9 HeEA vl dAtelA ZARE of
uliegt Fheke) Zwle) ARSI}, Aspartic acid, threonine,
glutamic acid, proline, glycine, isoleucine, leucine, tyrosine,
histidine, arginine % UlZET9 53 Fof He)7tel
FI22 Aok g ASE Uitk 49 Folz of

=
2=

Table 6. Changes in amino acid (mg/g) of pork loin from pigs
fed methylsulfonyimethane (MSM)

Treatments”

Amino acid
CON MSM 300 MSM 500
Aspartic acid 1.91+0.09 1.76+0.11 1.87+0.11
Threonine 0.87+0.05 0.78+0.04 0.86+0.05
Serine 0.71£0.03*®  0.66£0.03% 0.73x0.04"
Glutamic acid =~ 3.310.13 3.02+0.17 3.27+0.19
Proline 0.78+0.02 0.7220.06 0.7320.06
Glycine 0.93+0.03 0.85+0.09 0.89+0.07
Alanine 1.17£0.03* 1.05+0.068 1.13£0.0748
Valine 1.03+0.06* 0.93£.004" 1.0320.054
Isoleucine 1.01+0.05 0.94+0.10 1.00+0.06
Leucine 1.63£0.08 1.47£0.08 1.63+£0.08
Tyrosine 0.69+0.03 0.62+0.04 0.68+0.04
Phenylalanine  0.80+0.05*  0.73x0.04®  0.79x0.034"
Histidine 0.70+0.04 0.64+0.03 0.69+0.03
Lysine 1.65+0.07* 1.48+0.07%  1.59:0.074%
Arginine 1.09+0.06 0.98+0.14 1.08+£0.05

DCON: The pig fed with commercial feed (100%), MSM 300:
The pig fed with commercial feed (100%) with MSM 300 ppm
for 158 d, MSM 500: The pig fed with commercial feed (100%)
with MSM 500 ppm for 158 d.

AB Means with different superscript in the same row are signifi-
cantly differ at p<0.05.

u)ieab Fhekol] 3RS e, valine ¥ U279}
% 500 ppm Fol Aol uldled F-3 300 ppm T
g7 Be kg Bt} BHA alanine, phenylalanine
9 lysine Tk NET7F F% 300 ppm X2l HIE)
o fojFog B TS BHUTHP<0.05).

RE SoiTE0 WE X =Y He}

TS Fodte] HIEAI E5 ST AR A
ot 20 HElE vl 23k Table 73 2T

5 golrge] 2% S49 At 2400 vXe 9
e AR A v 20 dubFoE S7e &
S At 20N B8 Tl AR 2o 9%E
Fou}, st gt 2L HiFEEY] At vl U
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Table 7. Changes in fatty acid composition of pork lein from
pigs fed methylsulfonylmethane (MSM)

Fatty Treatments"

acid CON MSM 300 MSM 500
C14:0 1.32+0.09 1.25+0.04 1.30+0.01
C16:0 21.4140.528 21.58+0.39%%  2238+0.414
C16:1 2.37+0.13 2.40£0.12 2.4540.19
C18:0 13.8320.51® 14.73£0.25% 14.78+0.414
Ci8:1 35.0120.64% 36.65+£0.25% 36.17+0.10*
C18:2 20.78+0.40% 18.36+0.155 17.82+1.397
C18:3 0.96+0.01" 0.81+0.06" 0.71+0.078
C20:4 4.42+0.95 4.2210.57 4.3921.31
SSFA?  36.56+0.29C 37.56+0.18"% 38.46+0.30%
SUFAY  63.54:0251%  62.44+0.18" 61.5420.30¢

VCON: The pig fed with commercial feed (100%), MSM 300:
The pig fed with commercial feed (100%) with MSM 300 ppm
for 158 d, MSM 500: The pig fed with commercial feed {100%)
with MSM 500 ppm for 158 d.

ABCMeans with different superscript in the same row are signifi-

cantly differ at p<Q.05.

Y SFA : Saturated Fatty Acid.

% UFA : Unsaturated Fatty Acid.

A5l AfEol Y]
FalE 7] o] Fo} Al o] F8U At 24
o & d3S vHA Feth B AAd BE Al
3 oleic acid(18:1)7} 35.01-36.65%% 7} we ks
HYor, th&O 2= palmitic acid(16:0)7} 21.41-22.48%
oJ ATt Kang 5(2007)9] A7 ARANE g HAY
735 oleic acid®} palmitic acid F Abake] &heko] 68.21%
243l }oﬂ:a]’ 2 AT ta B e Btk

A 1978 vl Ee] s

e 2 ])\1 T E89 T 7k Akl e 67.0% A
Lakil ¥ 89 tHFortina er al., 2005). 214 oleic acid
o] 5:%3‘34_ 250 ghs A4 s, deHreA =

< A48 =3l sk rhLunt and Smith, 1991). #3
Folz Qatel A 240l B Wal} e,
palmitic(C16:0), stearic(C18:0)3} oleic acid(C18:1) Teke
dETol Mgl £ gl ATt helzow we @
g H G oM (p<0.05), ¥ linoleic(C18:2)9) linolenic
acid(C18:3) e F3 ool T71Ers f9zo
E AT (p<0.05). ©)Fo) Aahs Ale)gh myristic
(C14:0), palmitoleic(C16:1), arachidonic acid(C20:4)= *|
D7gtel Y Aol YA A Aol) g Ao
2 vehdth 2tk e 538 goigie] 21
5% foldom 2/1el90H (p<0.05), BEAWA T

ae FOH R Faslel p<0.05) £13 oIk ERY) =
QX]HL/\]_ GHJJ:_ &7}_}\] ]’L‘: -]_i L}_\:)r }_ ohﬂ}.zqo
= ip:};qm-}\} zsLEto] oy q_q] 113]—/\]—:@1_ O}Zq*j(Du
et al., 2000; Sim, 1997) B 84 ot#iAld| w28
(oo et al, 2002). et A Azdd Hegt Aqk

”%)4
B

2
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