o

/e =mdEte A

Studies on the Production of Selenium-Fortified
Hanwoo Beef by Supplementing Spent Composts
of Selenium—-Enriched Mushrooms

A7
Sty YA Fsul
T ° F



ol

=
=

71 w7 s AL A A

AERIAZ AZFY

E].:I—’—}“]% «“

SRS

B
L

—

14 ¢

10 ¢

2005

B
;O#l
il

3

X
Ho

o

-
o

B/
=

)

N

,._A.u_yo

N

—

et

oR
R

B

No

,._A.u_yo

N

—

~:!

oR
R

B

-

o

B

1o
‘..&H

,._A.u_yo

TR

=

oR
R

B

1o
‘..&H



ol &% 7

=

=

71 A e 7 s AL ) A)

. A

0

il
7K

ERaely

=

A

ek opujel, o AdyE wot o

E gl
=

Eé‘?sl—

R

pu

! (selenoproteins) 2]

H Sk Al Zbsel Al
R

=

=

R Rk

A FA G0 ~ 200 pg/
|

I

2 et
]
A

o

5

[e)

oA
51, o]
7%

5
°
T

"

o

o

el
iy
Ho

A7 e A

e

& Aol weA

H A #H 1l 4] (Se-SMC) & 714 2l

o]
PR

chel o w7}

p.

13

i
5|

o]
pad

%, 9719

o

e

A
pl

}

webd mek 44 AA7 Ue

a71E A

B!
)

o

o0

<= o, A

Ehe

J-

;OL

h=i}
=

=4

€} 2
j=

A5
B

|
A

A
=
el

[e]
dHufA ok Al sk A A o] Aeg e vla

ol
o

o

.
-

D 7128w 73t golm sl At
2) w71 A s A3k WAl HujA|

)

LA g 2 s
1A ek A A

xr
)

ohﬂ_

3



L L S s S s

W Aol 713 4= 7

4 g AA 75 2 2

5

F oduiA % OLEAE

D #7AEE 45 A A A7 F 2R AF Ane f74d0% 94

A& 1w

2) #uiA it T EANRS i

o g

1

ol gk oAl AujA o] 4 A R SEEA T
GaAtgel 1A s s WA Hujx e A2 g A fr]AdE ol

E 93 dA7 7 AFAE FAARFEA D

i

2) A, @4 2 Aar] 0 AeE 94 2 A% BF GSH-Px 34 7
3 el @ Aolo] M FS ulFe] BA W K4 54 79

gh. 1A s ek WA A e Aol i) W 3 S

A 2]
D A4 FEe) f7140% 23k 0 AAY B w gl @ WAz A}

G A (A EID

2) AujA HEALE, Har] 2 Ay T Adewe] B4 2 A%

3) @l % GSH Px 4 %7

vk 71 A E 23 Al HAE A (Se-SMC), F7] ¥ F (selenite) % 71 AHF
1

(Se-yeast) H7} HlwA g 2D SHAEA 1Ly

1

2)
3)

N

AFFAET R Tl 2A 8 w5 fr1Adwdst |l Hujx 8 £33 54

717F Bt d-ul S50 gidt 7ty e Adds F5d v WALSAHARIEAE
I1D)

Ay FFdol ueh 2ar] Wz ojdld frAdwe 94 2@ A

dd F GSH-Px 8454



9 ANE FTA A7t MRS wA R KASH WAL o

5) Aellw ol 559 AF 54

oft
-
ol

V. A77hE A 51 &g g 219
7h A At

D *“Eﬂ%ﬂii‘r ol Azt Hujx o] Aellmde] 2 oA Aw A Al #
Aedlwe A kgB 2mge H7hete] Ae ﬂ%

A Al degAemale] & duly e “alﬁﬂxﬂtﬂ*ﬂﬂ Az g9
451pge] AelwE-S Uehlol dulwrAemslel 023ugel Hlste] o 208 %= S 7tet
SITHP<0.0001). 71 ef Aol & Aelw A e slol A 723%5 Uebiglal, 5417
A g Eel AEHA @ol, & Adw T FrIHAdwe] v&e] 100%=
B7hE QLTH(P<0.0001). Al FA e Alel F90 delgtrs Fdieh Frsh 7
b Az g9 371 % 30lugs WERUAAL, A ek Zhh shERUt 6.86ug 02 M
% 2TH(P<0.001).

F, AuA o AREdde AdwAwsl AuAe Az gd 5.04ugow
el Aol AmAel EAs L, T AuANAE 0.08uge = el
SLTHP<0.0001). AzlFA 2w Al A Ao fr el el wrl &S 65.67%% = e
L, ol wAA AL HIEE Bl e Aol A A W xbe] wAlREALel olel] e
e FoR AREASE AT HAlTE HEd Ml el di s of
18%°] AulFEds ZPASh Mg g 8 o5 e S 747 1481
% 10.14% 2 vebskth =9, ojid S é‘ﬂﬂ%iﬂ 4.67%7F A AW Akl o] 8
T7] TR FEHE Jow eyt

A

olgel Atz WA W EeAdEe Hhe M W AdETEE SN2
WA W RE% R Eel B EAsArh e, AN AR $F e
frlB el Aol TtEel AdlETEAos FEF AN de Aom Bu



Aok 2o HAAA wix e A2 el ddwsds shAsta, HAAW
SAd Aewe dF7F HAARA Al ofs) 7] TR FwEs AR U
Bk

2) WA AL o] g3 WRARY Azt F714AF el B ATAAA F
23t A)

s
re
-
s
i)
ey
o
ol
ot
Iz
Nt
o
>
-
=
oft
o
fru
5
~N
A,
rir
I
2
&,
=
N
il
N
N
S~
>
il
o

wEAbEe Ae e Ques AuAs AdEde A AN sl WAl
7

U AdEs=rF 006, 054, 1.26 2 1.86 ppmeol . 22]al T@ 7oA 4845
P g o, AE 17P<0, 12, 24, 48417H)°] w& pH, F714d % W&, F7]4

¥ g% 2 TAdE 3PS A

WEAE W AU E Tl F7HFl mek 0A7he) pHE AuMA AT 7y
¥ 006 ppmel 4638} FolahA AHH o Frlakgim, 1.86 ppmolA b Ee
#6350 UERITHP<0.000D). HE 1247t ol Fol = vhzo] vlehe] Aol
WA AMAE FHae ALTAA plrt FeldA Arsgo, quEE
FO1@ Aol7h thehbA sk,

Aes s=d TaAse FrAdE, f7dds 3 2 #7144 vee A
g kol o3k Ao]lE YERHATHP<0.001). TEA M WE Ao frAdE
H] &2 054ppmol A W& 24X ZH7HA] Frel kAl F718k A 3, 1.26ppmol A+ 2E 124]
ol Fol= #FoF S/ vEuA & LOE’% 186ppm°ﬂ"1 ol gk Aol 7b vrEby
A skt 2 Ak #HupA =R A E 0.06ppme] HEALR A= F7] A ol
A=A @k, Adaidstisl ]% ok EANSE(0.54ppm, 1.26ppm,
1.86ppm)= Z& 484 7kl ok 70%9] F71 AU ES 73S

[e]
= IS
ool AN RE, LBIAEES B3 F|AHF 70@}% e §F A W

F71 A E vl&ol oF 70%=2 A e ukEsh
g Ao Algdh

pr
2
4
e
i
o=y
or
>
frt
b
o,
o
frt
Ho
oo



Z wal sﬂz

=~

3) A AN A S Ah B9g

AAT1dA FaaA)

A w54 GSH-Px&

:&
10

;lm%

_4_4

1T)94 4 ﬂEHLi /\4%6}91{:}

—U ruz

mé
:u_

-6]—
Ay

Zow 17}51 A%
e e B
W GSH-Px#4 & Se-SMCH 4
S o A g Zrell A A
Zﬂﬂoﬂ w}E‘r 27k A% g9 027, 037, 040, 046 pug 2 0.79,
140, 2.39, 310 pgE vFeRfol felebAl F7baHith(P<0.05). dAE, AW AdE
e A2l T KA AolE wolA skt
o] 43t o] Se-SMCol EAstE AelFe T ATl
Lof GSH-PxZ4 S st S7hA1Z vt oyt

AR Aan = A gdst 4o Aike] 7t

oZi
Oll

F71$138] Al
I} S A o

-\> —'d
OHNI’HWF}LH
EZ:
j&JIN'
0334

rlo

T

m
1‘
>4

_4

a.z
z&

.ﬂ

5)\
€]

F
jﬁ

mm
O

_4

o[}J
\l

—|—‘

UI

A

w
é
ﬁ
:g
Jﬁ

r.&r

=1
=

M
A

rlo

&} 2F
=

[e)
=

31
=

o

T fan A

! =]

ZEEPIE EE

A g A

4) 7149 =

22541

ol WE AASSY TX S5 ¥

1=

1l

mlo
Oll
—|~

A WAE Afeta H71E s WA AAel S8 A s &
of AF waARe AE FFE 01, 03, 06, 09 ppm(AE7IE)] 4 A
skar, Al AA(TDN: oF 759%)9F wuj e (CP: oF 12%)°] A2+t sdates
stol Azl A - 2055 A= A4 5FHGIMAF 613kg, 20 ~ 247
=]

=
Hjx]ste] AHAIRE 1273 5 TEy B8 oltetd EAI wA=F

ru&ﬁ

L

o

oZi

=4

FUHU

_>.~L

_4

1-)4

[e]

=

::‘
L;
oii

v

_ -
- z

F



o
o
=

wEk A= ofgel At 7] ey wolaed Iy 2RSS vas A7,
] 2o 0.1 ppmT7F 131 %% 7H¢ =% 0.3 ppmT-¢ 09 ppmT-7F Z+2F 7.37,
814 %= 7H¢ vhe FEFS B ATHP<005). 4 L'(M%)E 01ppm 77k 359302 the
Al Te] 3630 ~ 36.87 Hrk Wekal, S & (A %) g Wmel wpEvAE 01 ppmTt
1881= AldT-9] 1895 ~ 1991 Bt} vro} fAjo] v 7=l e, fol4Ql Atol= jid
THP >0.05). 7Hd 7, B9 9 purge lossi= A 2] 73t #2241 Zfo]S Holx| TP

=%

<l

I
3t

N
of

>0.06). A9EL 03 ppmT7t 454 keg/05inch’ .2 7473 o (P <005), tHE A2
T2 = 33 kg/05inch®l A 3.7 kg/05inch’Z -rrgl A2l 2ol E HolX gk #
T EAS vue A s Foe AdE FEo] T4l wE tha St
s AESE Ba, dxs At FEd x}ole Bolx ekthP>0.05). Ca, P,
Mg, K, Na, Fe, Mn, Zn % Cu%® A F7tell Fo]#<l fol& wolx] ¢Fkrh. ofnle
b 2AE v AnEA Az, dekd, S 2EY, ZaYA izl 01
ppmi 77t 7Hg W vES B 0.3 ppmA Tt M w2 A3E YU
tHP<0.05). &% ASH 2382 06 ppmA & 77 92 At 5ol H|ste] &d 89
=okom) 0.3 ppmA ] T7F 20%°] FEERE P @S FHEES B o] Ads
A7 NPT 5FR B Ago R myld= o sith

F4H3 59U 1+ew &2 01 ppmAZ T4 06 ppmA 2] Foll A 20%= T}
2 AP wse = Fd&S Bt & AN e §4 3553 &9
o] 0%¢<1dl Hl &te] 0.2 ppmA T &2 35H 2 L0 0% 7P AR AH

Bt 53 FdLNA ANPFe] 2AFSFIE Ho] AFE nlas oy ¢
o WA JFE A9 gl AR AAHAY THF
s34 01 ppm, 06 ppm* &+ 0.3

4
TE o= 2 AolE HolA %sith. ol

=

MN'

@ Jo o o

5 AdEel EHEH /1 AL A FAGAD @R FaAA)

¥ oATE AR AH A4 E09ppm)ol A Se-SMC(7] el 2 skl 4 o]
A)el FOAAGN AL, A4, 64D Fel P2 W, M§Fs] Fo 24
G VAL FFS Al AWEASH/ S ANGaA A S,

Se-SMC Fel7Iztel me ul%F7] 99 ABHABE Fol7laa AdwsFo



ofste] Ael g zrell froldk zbel7b vrebURA] ehgkar, Aol AlmAdFH e Agac]
o & yERFA gFokth e AMYAR JMAIAITH FRAFTES Folte]l FhEel
upe} oAl WAtHP<0.01). AR F FAFE Fogte] Tl wheEk {9
A F 718 o P<0.0001), Se-SMCell ¢ 3k &3} =3k vpebbA] ek gkl

s, Alsd Addasee G99 dFddss=EEs FYsiAl FUHAFH oY
(P<0.0001), woi7|ztell wh& gz vheEbURA] ekglth ob2e] GSH-Px#4d w3k AL
Y Se-SMCHZ o2 Fol&HA 57}6}9}3\%(F<005) X573 e g3+
VERA] g otth A AHu RS Fol7In Atsd Ada el o] fe
s a37F vdebbA @tk AU AdudEde Fo713ke] F7hgl wek fos
A F7FE A 2 H(P<0.05), Se-SMC2] 409 Fof i} 671 golw gt & ek 2ol
7 deEbubA gk b el u e wolv)te] e vEhA kAN A
wEI= gzl sk folstA F ek vh(P<0.0001).

upEbA], Aol A & Aol dig H4 Se-SMCH 71 4719 B =7}
Ade Aow Yzt

6) #71AelE s A AMA Folzigre] A lSASAT el hgAel mA
= %

71 E At HeiAE e Adaae ddys s E dE7lF2 2 09ppm

o] M= Hrlste] FHFo(C), 2/1L(T1), 470 <L (T2), 6714 (T3)F I3 39 AA S

E

ALge §do VAL G wad A3, FRIFS 63%04 66%2 Fol7) kel
2 feldel Aels wolx gtk UAWES ARAor pdH AYFAE
AP TR oF 1L79%014 164%4%e] B2 wgowt AT feld Aol: n

o] A FUTHP>0.05). “M AL T3F7} 208%= 7FF =kl T297F 192%= 7H3
vro 248 Bt wEkA frlAdEES *}EEH A7 3o A dubxA R
 9F%s XA e Aoz yeiyhg g3 EA uxe JFS vnd Ay

THERFE 20~21%, AL 36~44 kg/inch’e] WHAR A T3 Fo1H9 Aol
Holx e¥oktt. a#ut AR 24413 pHe Wizrek T19+7F 2h2F 552, 557, T29F T3

T 55082 Fof7|te] Ao wmet ol = AHEgS HYth Wi RaEe
T 595%¢° Hsle]l A& T1, T2, T3 Z+7F 63.8, 64.4, 642% = FolH o=z
TGS HA o (P<0.05), Fol717te wE ol Holx LUTHP>0.05). BSEA



Hlargk A2 A tFde ATt oAl AolE Holx ggtoy, dEE TI+

o} T277F 7242t 530, 528" 024 T3FHU FeolFoz =okon duloM= T2

7b oh Ao gz sty =2 A3E w7

Ca, P, K, Na, Mg, Fe, Mn, Zn ¥ Cu 2% A+ F279l
e}

4
AadE Feld o@ TR TR 2wt Qe A

714 2 gt 45
BA% A%E Hunter L), 4AE@E) 2 FAEG)E AT F21420 o]
S HolA sty ¥ AFAIA= AVl F 30ERE FAskFol A AdE AT
L Apol7b glley, ol AddmaolZt Al vA = Gl WM = Aol A8
o] w3 o &y A3k

=
FdES Aoy 159 oA = AldT9 tx=7 33 86.66%
2 zpol7} flom, Fhol Aol (W) A AT value=14.167, P<0.1167) 2o we
frolde gle Ae=Z Ueyt S Asy 38L& dx277F 6.7%, AT+ 25
200%2 AFTF7F zTe uEte] =L PLS HATHW value = 21951,
P<0.9009). 18yt §7F Tl oAM= FrlddyE w77 Tl Blgte AT
T 2d8E&AA 13% 4T =2 Aoz A HAoY T35t BAA fFodAE v
(%% value = 1.1667, P<0.5580).
SA(CIE L', a', b") ¥ chroma(A %, M%), hue(Mzx, M) 9 AMFAE)#e] 374
= 55§ 2ANZAC A wEF %
S skl 303 SAEAIRI
374600 wlstel fr1AdE st HwiA 20 woATE AYstaie Al@TUE va
E2 #e Bt AAax@)e FANEb)E A FEE ZFo)lE Holx gt
chroma #t2 iz Hlste] AlFT7F tha e AFgS BAdoy Ayt oA
Q1 zpo]& HolA eFkal, AMx<Ql hue #% o4
o AFE F78lE FEFS BT A AEE Ag g FEld A4S Holx gk
weA 7] A s st AA wole Harle 27 s s 9Egs VXA Fe
Ao w et
7l dd A Al A Fol et E2Te S ey 24dS vlus

A
7}, myoglobin®] &2 tZ2T9 AlFFolA 742t 6.39%, 14.18% = =T7F Al g+

o

K3

$
o
-

3



o wlale] e AxE won Oxy-myoglobin® &S WhtE thx+ 89.07%,
A ET 8347%= A g7t Eﬂi?oﬂ Hlgto] ore AdE B ATHP<0.05). LH 1 Met
—myoglobin FEF HE=T7F 456%01%a AE T 235% 2 xR U =2 das

Ak 2o A AaE Frkstr] fleiM = AlRE Metst A2 F A & 2
Qo] HFEEo] EEF 4TolA 149 2 2143 543 A RS 20Tl A 48417 4F
StAIZL & SA SAL S 2A4S vue Ay, SAL 3EA 24S vug 2
2 myoglobin %32 A3 14429}l 21 Aol A F2] 22l Zo]E Holx| ¢ktor)
Oxy-myoglobin< A% 14¥ a9} 2192 25 7128w 243 9A dAwj# FoF

J
e

5}
& &

7F tiza-ek Fo1AksE wolgtol Wlste]l =2 Z3E B3tk Met-myoglobin 9 &l
AoAM = thxz7o Fr18dE T 171 Aok fr1Adwds sA A 5
of ol wste] w& AIE Eoit‘r(P<005) olfd A= Fr1AUFEE Lol Fo
& A FHA2E FAS A FEVIT T AW A Hlgto] AEgdEs B &

d 7]l
g A dedy A tixTok f1AdE st WA AmA Sl (A E
1ol Met-myoglobin substrateE Bl &l7] ¢35l F34 =
DU-650, Beckman)el Al 30Coll A 1587 9+$-A7]HA 2%
2 fr1dd st dAA S (AR )7 iz Ttel Hl st
FA9 ¢t o] w& AoRE Yewon od A= i
Oxy-Mbe] Met-Mbo 2 e A AA|ete] o] F2l FAS A 74 & + 9l

g Ao BaE

AN

A 7] (spectrophotometer,
Ao 7 =A% 0D.Fo
o] =& OD. #<g 14
!l

PR

N

‘.?4“
o
htt
2
BN
-,
=
>

D fAdE AEWA AMAS At A AT HSFI RS A
FATBIA F A

AA Gl Folatds W, AARAAF 2 SA,
A9 A AdEEdel vAe dgFS ZAES
FTgFo]), AdFEAeuA Hulx](Se-SMC), Se-yeast

sodium selenite®] 4 AHzZlFoz o A gxede Adegs=s AFEW 09
ppmo] At AEFELS N FF7] AATS 2057 (BT AF 536 kg, 20 NLH)E FA
sto], A7k 5574 wjAste] AAARE 16573 Folstdth. A@ 7 5 APt
g5 Adgses @4U GSH-PxE4 S S48, 2504, $2)3 1y A

7

waEge SAsIAs A F =5 g AdwadS AT A

O
o2
<
i
®
o
A
o,
o
_I_/

,10,



ol FgFS mAA Fodrh dF AddwesEe U GSH-PxZA -2 Se-yeast>
Se-SMC>sodium selenite 2§ = SheH(P<0.05). <53 7hd] AlY)
FaHe 31 9w A Az AE g 045(HET), 057(sodium  selenite), 0.71
(Se-SMC), 1.11(Se-yeastlug 2 1.10(HZ), 1.80(sodium selenite), 2.32(Se-SMC),
3.36(Se-yeast)ugs UEFHO] A ggtel Folg o7k YERHTHP<0.05). A
SAW A g AT oAl AfolE HolA erkth
ol A3 o] FrIAYFA el Se-SMC % Se-yeast= H|&FF7|e$oA HF

A g5t GSH-PxZ48& frostA S7khxd v oiyel, =24 A gdds
Z7kNZTh. oF& 8] Se-SMCE Se-yeast Bttt 37 & A9, 7| dd s 2
Zol mlste]l fFod ZIrt detd Adelsdst Aave] Agike] vhed Aow
lSgdA=

v
=
BN
—H
N
o

1o
_0|L
N
Hi

o
&

8) 71wy woldol W I AA W59 =Aek 4 EA47E #H fr14A
<

i=]
w wol #arel ARzt

w7l gl 24 54 % AW 2L Had
& AU E ol b 2401%2 7 woka, fr1Ad st f7]4Ad
B 7 2088% # 21.90%°1 9l em, 2Tk 16.89% =
frol Aoz v Aats BYth(P<0.05). Aa87kE AYT3E FolH Zol& weol
A esko, 71w HAHMA Fol 7t 369=A Mg e AaE By
(P<0.05). pH 71 A#%F Hol7-7k 54608 thZ7 550, F7]1 el w2t v Al
A wolq 5508t frolH o wigkth HEHe AP FoHd AolE Mol
GATHP>0.05). 2T T FERTFS dET 622%, F71AUAFE FolT 56.89%,
fF71AuF FolT 5546%, f71 A s WA A T 54.38% 2 AR #
oAb HolA ek o h(P<0.05), T ok 7 A dst mAsHMA Fol77F i
st Adsks B
Sl AR ATt FoH Q] AolE oA fkAN, dxT 1635%, 71
Ad st HAHMA FolT 1601%=2 F71 A dol - 1222% 2 71 ddws
o7 11.69% Hrtb thi ¥ AdE Bk @d e BE A 192
6%~1985% 2 Apo]S Holx| okt ofe] Adz & w, Ay 9 Iz
o2 yeiygth Fr1AdE wolve 7he

rie
filo
gt
Ach
il
£
b
o)

\I

r1r
)

T, B, A 9%S MAA &

,11,



ofr

_E

e

O ATl Hlsto] §do] FA4 & AyEs Bt
T4 tET 5404, F71AdUE A3 WA A Fol T
5408 ez oAy B fr1AdE FolT 4883 EY =2 AdE B EA

dlE st mAHA Fo3+7F 50882 7MY =kar, f
47274, F71AEE 4488 o2 YEET dve frlAddEsE 2
o

7t 540802 7MY =e Ads mgow, 1t}

2 W
L_p—t,]

5044, iz 4884, 7] Adlyw o 4483w
2 HFE RA
S Hwd A3 Ca, P, K, Mg, Mn, Zng Ag 73+ 228l 2ol =
o B AdUE FolT7t 48824 ppmo® TE AP TE 417.63~
424.00 ppmell Hte] =%kl Few f71Adsw 2y AuA Fo4F+A1EH)7F o
2 AgF9 21.52~24.84 ppm Rt} v+ 1877 ppme H A} THP<0.05). Cugl TH:=
Al T7F 0.07 ppmlE 2 A& T 0.14~0.20 ppmel] H]Ee] e AF}E HY
AAE A4S Alug A3EA Cl60s F71AdwY dx7F 2829% 2 27.11% =
FAUE FolTe AT A7t 2546%, 24.93%°l HlEte] e =4S wd
(P<0.05). 183 A¥AF C18 1:n9% F71Adw 59 77F 4781%= dz=7 2 &
A tEd vt 71 v A3E B, C18:3n3S R 0.14% = o A g
TEo HEe] e AnEZ ®HJUHP<0.05). C20:2n6E= AETF7F 011%2 2T
0.08%, F71Aew FA7 007% 2 fF71Adw FoAT 007%° vste E=e @S
H 9 THP<0.05).

AR SESFE 2HES vust A9EA ST ASH A8 A EE F
ATt 40% =2 7 =ka, O g2 s AlE T 20% 2 YEwt S% C5HF &
d&2 FrAdwsad Tt 40%2 M =93, 27 0% = 7 sk a3y

2]

+ow FHEANA FrI A E s W*ﬁﬂ
1) o] T 40%60] 9L, EH

,12,



3]
=

of web thaxTtek A

1

kel
=

717ke] 733

&7 7

5 Aot

©

7}

=

o

]

3o
=

2 1

]
A=t

Abolel

g %k

=z
hl

T

s

%%ﬂaiz .M%@H%
T o W T o T
%%%M Jmm@aﬁ%ﬂr.%
ﬂ __OyA
FLBFE D 4w
CHw T Tan Ty
Ma e Ea]r ;:HOTH_
N o B N ~ o T b
wmuod.mﬂu%ﬂwmmwﬂewmﬂ
=1 X
;oﬁhlﬂ%uxﬂﬂmiWMW
B = T
%%%mx%;mwovwﬁ
ﬂuwﬂoﬁoﬁﬂ,memﬁoim.ﬁﬂim*rl
‘WO‘I‘AJlO ‘m.M ;OL
T = o ©° fr ur e o T
ooy — 0 o Ao
x;oilo jariy -
— _ hogo_XoTA]
uh%v%%ﬁﬂﬂ 7 X
Hp w o= T DL I
S I M TR )
o %o o BT EAR
Wﬁ%%Wmeﬂ@Wﬂﬂe%
LS S I S
LR TRa Mg
R D I U S
R e T A O
Wﬂﬁiﬁﬂloro—udﬂmq,.rwﬂ
‘Wﬂ\w«l 0 Or|}1|7thE
I L B TR BN
ﬂW%m%ﬂﬂmﬁ%%%
T <0 ﬂAl
wm LT R T
SRR B E R HTE T
BREyOT g __
rap ¥E Ty o B
oy
T T W o P
OR Jm odoowp o oMM TR
wE B E X T T o w

,13,



SUMMARY

I. Title

Studies on the production of selenium-fortified Hanwoo beef by supplementing

spent composts of selenium-enriched mushrooms

II. Objectives and Necessity of Research & Development

These days, many people appear not to have sufficient Se for RDA (re-
commended dietary allowance; 50 ~ 200 pg/day) mainly due to geographically low
Se level in soil, resulting in increased Se-dependent diseases in the livestock and
human.

Se retained in the body regulates antioxidant defense system and cellular redox
state through the synthesis of many selenoproteins. Bioavailability of Se varies
with chemical forms provided and animal species (monogastrics vs. ruminants).
Generally organic Se is less toxic and more efficiently utilized than inorganic Se.

For US and European people, beef is the single greatest contributors of Se due
to its high consumption on their tables and thus it is meaningful to produce
Se—fortified beef in order to readily meet dietary Se allowance. Therefore, the
present study was conducted to investigate the effect of supplementing Se-spent
mushroom composts (SMC) on selenium deposition in tissues and meat quality of
finishing Hanwoo steers, and to suggest a possible strategy for functional Hanwoo

beef containing organic selenium.
M. Contents and Results of Research & Development
1) Studies on the selenium type and metabolism of selenium accumulation

in the selenium-enriched mushroom, Flammulina velutipes, and its spent

mushroom composts
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This study was conducted to determine the total amount and type of selenium
(Se) in the Se-enriched mushroom and its spent mushroom composts (SMC), and
to investigate the metabolism in relation to Se accumulation in the mushroom.
Mushrooms, Flammulina velutipes, used in this study were grown for 60 days by
adding 2 mg of inorganic Se (Na:SeOs) per kg of mushroom composts (MC) on
as—fed basis and were compared with normal mushrooms grown on the non Se-
supplemented MC. Total Se contents for Se-treated mushrooms were significantly
increased (P<0.0001) by 20-fold (4.51 pg/g of dry) compared to Se-untreated (0.23
ug/g of dry). On the contrary, organic Se ratio was significantly lower (P<0.0001)
in the Se-treated mushroom (72.3%) than the Se-untreated one (100%, not
analytically detected of inorganic Se). Se distribution upon a length in the Se-
treated mushrooms was the highest in the bottom part (6.86 xg/g of dry) near to
MC, and those in top and middle parts were significantly lower (3.71 and 3.01 ug
/g of dry, respectively; P<0.001) than those in the bottom parts. In the SMC from
Se-treated mushrooms, the significant amount of Se (5.04 ug/g of dry) was
remained, but that from the Se-untreated mushrooms was significantly low
(P<0.0001) as 0.08 ug/g of dry. Se-treated SMC showed a high ratio of organic Se
(65.67%), suggesting that the significant amount of inorganic Se in the SMC was
converted to organic Se by mushroom mycelia. Prior to mycelia inoculation in the
mushroom culture, the sterilization of MC brought approximately 18% of Se loss
in the MC. This result is in accordance with facts generally known that Se is
weak in the high temperature, and thus consequently volatilized under the
sterilization. Apparent and net accumulation rates (%) for Se into mushrooms were
14.81 and 10.14%6, respectively, resulting from the Se volatilization into the air via
metabolic process of mushroom itself.

The result of this study shows that inorganic Se addition to MC for mushroom
improved the Se content in the mushroom. However, SMC from Se-enriched
mushrooms still contained a high concentration of Se. Fruiting bodies and mycelia
from the mushroom and SMC converted inorganic Se in MC to organic Se,
resulting in a high proportion of organic Se in the mushroom and SMC. This

study showed the possibility that Se in Se-enriched mushroom and SMC could be
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utilized as Se sources of food for human as well as feed for livestock.

2) Studies on the manufacture of the fermented feed of spent mushroom
composts for ruminants and the fortification of organic Se during

fermentation

Main objectives of this study were to increase digestibilities of indigestible ingr
edients in SMC consisted of sawdust mainly as well as to fortify conversion of in
organic Se present in SMC to organic Se via fermentable microbial actions. We m
ade fermented feeds containing the increasing level of selenium (0.06 ppm, 0.54 pp
m, 1.26 ppm and 1.86 ppm) in combination with SMCs of Se-enriched and non-Se
mushrooms being fermenting using commercial microbial feed additives (Sambae,
Ltd., Korea) comprised Saccharomyces, Bacillus, Aspergillus, Streptococcus and A
-ctinomycetes before feeding trial for ruminants (Hanwoo). Those are fermented fo
r 0, 12, 24, and 48 hrs. Initial pH was linearly increased as Se concentration increa
ses or the proportion of SMC of Se-enriched mushroom increased (P<0.0001). pH
values of fermented feeds (0.54 ppm, 1.26 ppm and 1.86 ppm) containing SMC of
Se-enriched mushroom were not different since 12 hrs of fermentation time and th
eir pH was significantly lowered compared to control group. The increasing level
of Se concentration in fermented feeds showed significant differences in organic an
d inorganic Se contents and proportion of organic Se among treatments. As a SM
C proportion of Se-enriched mushrooms in the fermented feed was increased, orga
nic Se proportion was significantly decreased (P<0.0001).

The control treatment (0.06 ppm) comprising the non-Se SMC alone was
estimated of the organic Se to be 100% and the treatment groups containing the

increasing level of Se were estimated of organic Se to be approximately 70%.
3) Effects of spent composts of Se-enriched mushrooms on carcass

characteristics, plasma GSH-Px activity, and Se deposition in finishing

Hanwoo steers
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This study was conducted to determine effects of spent composts of Se-enriched
mushrooms (Se-SMC) as the dietary selenium source on carcass characteristics,
plasma glutathione peroxidase (GSH-Px) activity and Se deposition in finishing
Hanwoo steers. In combination with both Se-SMC and normal SMC, experimental
treatment diets were formulated to contain 0.1, 0.3, 0.6 and 0.9 ppm of Se on a
dry matter basis. A total of 20 finishing Hanwoo steers (average BW = 613 kg,
average age = 20 to 24 mo) were allotted to treatments in four groups of five
steers per pen for 12 wk preceding slaughter. While the experiment is employed,
blood samples were taken to analyze Se concentration and GSH-Px activity, and
muscle and liver samples were collected for analyses of Se contents in their
tissues after slaughter. DMI and BW gain were not affected by dietary Se level
and any toxic symptoms in treatments with a higher level of Se were not
observed. Se concentration in whole blood and plasma GSH-Px activity were
linearly increased with the increasing level of dietary Se (P <0.01). Se content in
the hind leg for Se-SMC supplemented groups significantly increased (P < 0.05)
upon dietary Se level, with 027, 0.37, 040 and 0.46 ug/g dry, respectively.
However, Se content in the loin was not affected by dietary Se levels. Se content
in the liver was significantly increased (P <0.05) as dietary Se increased, with
0.79, 1.40, 2.39 and 3.10 pg/g dry, respectively. These results suggested that Se in
the Se-SMC was highly bioavailable, and Se-SMC might be used not only as an
inexpensive way of providing Se for ruminants but also as another way of

producing Se—fortified beef.

4) Effects of supplementing spent composts of Se-enriched mushrooms on
carcass characteristics and meat quality in Jongissimus muscle of

Hanwoo Steers

The current study was conducted to investigate the effect of supplementing spent
composts of Se-enriched mushrooms (Se-SMC) on beef quality in finishing Hanwoo
steers. Each five of 20 Hanwoo steers (20 ~ 24 month, approximately 613kg) were

assigned to four levels of the selenium content (0.1, 0.3, 0.6, 0.9 dry matter-based
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ppm), and the feeding treatments were enforced for 12 weeks. The results showed
that m. longissimus from the 0.1 ppm feeding supplementation had greatly higher
intramuscular fat content than other treatments (13.1%). In meat color, the 0.1 ppm
treatment showed the lowest lightness (CIE L°) with 3593 (P<0.05) and had a
tendency to have lower redness (CIE a*) with 18.81.

The treatment had no noticeable effect on moisture, protein, and ash content,
cooking loss, water-holding capacity and purge loss. The 0.3 ppm treatment resulted
in the toughest meat (assessed by WB-shear force) with 454kg/ inchz, while other
groups showed a similar toughness ranging from 3.3 to 3.7kg/ inch”. Sensory
characteristics in juiciness and flavor intensity had a tendency of increasing as
organic selenium concentration increased, but tenderness was not influenced by
the contents. Ca, P, Mg, K, Na, Fe, Mn, Zn and Cu also were not affected by
the treatments. For carcass characteristics, the 0.6 ppm group had a tendency to
result in higher frequency of yield grade A, while the 0.3 ppm treatment resulted
in the lowest frequency of 20%. The best treatment for the production of 1+
quality beef were resulted from 0.1 and 0.6 ppm with both 20%. The result
indicated that Se-SMC supplementation affects meat qualities to different extent,

and further study is required to examine antioxidant effect of selenium in vivo.

5) Effects of the feeding periods of spent mushroom composts from
selenium-enriched mushroom on selenium deposition in finishing

Hanwoo steers

This study was carried out to determine effects of the feeding period of spent
mushroom composts from selenium-enriched mushroom (Se-SMC) on muscular
selenium deposition in finishing Hanwoo steers. A total of 30 steers were allotted
to an experiment with a 3 x 2 factorial arrangement. Treatments were 2 groups
of with and without Se-SMC at three different feeding periods (2, 4, and 6
months) by body weight (BW). And then dry matter intake, body weight gain, Se
concentration and/or content in blood and/or muscle were investigated. Dry matter

intake was not affected by feeding period and Se-SMC supplementation. As the
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feeding period was prolonged, initial and final BW was significantly lowered
(P<0.01) with no Se-SMC effect. However, total BW gain was significantly
increased (P<0.0001) with increasing feeding period with no effect of Se-SMC.
Se-SMC supplementation significantly increased Se concentration in whole blood
and plasma GSH-Px activity, but there was no effect on feeding period. Se
contents in muscles, especially hind-leg, were significantly increased (P<0.05) as
the feeding period was increased. However, there was no difference for Se content
between four and six months feeding groups of Se-SMC and also hepatic Se
content was not affected by feeding period. On the contrast, hepatic Se content for
Se-SMC group within each feeding period was significantly increased (P<0.0001)
compared with no Se-SMC supplementation.

In conclusion, our results suggested that optimum feeding period of Se-SMC as
a strategy for the production of Se-fortified beef might be approximately 4

months.

6) Effects of spent mushroom composts from selenium-enriched mushroom

feeding periods on meat quality in Hanwoo steers

Current study was conducted to investigate the effect of spent mushroom
composts from selenium-enriched mushroom (Se-SMC) on beef quality of
longissimus muscle. The results showed that Se-SMC supplementation of 0.9 ppm
(DM based ratio) for 2 (T1), 4 (T2) and 6 (T3) months had no effect on water
moisture contents, with 63 to 66%, compared to those of non-supplemented control
group. Similarly, intramuscular fat content, ranged from 11.7 to 16.4%, did not
differ among the treatment groups (P>0.05). T3 group showed the highest protein
content with 20.8%, while T2 group had the lowest content with 19.2%. The data
indicated that Se-SMC supplementation to the experimental diets had indictable
effect on proximate muscle composition.

The treatments similarly had no influence on physical and biological
characteristics of longissimus muscle, where cooking loss and shear force ranged

from 20 to 21% and from 3.6 to 4.4 kg, respectively. On the other hand, muscle
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pH at 24 h postmortem showed 552, 557, 550, 550 for control, T1, T2 and T3,
respectively, indicating that the longer feeding period had the lower ultimate pH.
The similar trend was observed from water-holding capacity where the treatment
groups (63.8, 64.4 and 64.2% for T1, T2 and T3, respectively) showed significantly
higher water-holding capacities than control group (59.5%) did. For sensory
evaluation, juiciness was not different among the treatment groups, but T1 and
T2 (5.30 and 5.28, respectively) showed significantly tender meat. Particularly, T2
group received significantly higher flavor scores among the treatment groups
including controls.

For mineral contents, Ca, P, K, Na, Mg, Fe, Mn, Zn and Cu showed a similar
levels among treatments. The frequency of 1+ quality grade was 80% for both T1
and T2 groups, and 20% for T3 group which was generally higher than 13% for
control group. However, X? analysis (x? value=14.167, P<0.1167) indicated that the
treatment had no effect on carcass quality. In the case of yield grade, the
treatment groups had a higher (20%) grade of A than control group (6.7%). CIE
L" value showed a higher value with an exception for 2 month group, than control
group (37.46) which CIE a” and b" values were similar between groups including
control, indicating that the treatment had no effect of initial meat color of
longissimus muscle.

Myoglobin content in longissimus muscle for the treated cattle were similarly
6.39% which was lower than control (14.18%). On the other hand, Oxy-myoglobin
content was significantly higher for control (89.07%) than the treatment group
(83.47%) (P<0.05). In the case of Met-myoglobin content, control (4.56%) group
showed a higher level than the treatment group (2.35%). Collectively, the pigment
analysis indicated that Se-SMC supplementation can stabilize meat color and
consequently improve color stability during chiller ageing. The data indicated that
Se-SMC supplementation to the experimental concentration had no effect on beef
quality, but the treatment effect on antioxidation function remains for further

studies.

7) Effects of different selenium sources on performances and Se depositions
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in tissues of finishing Hanwoo steers

This study was conducted to determine effects of different selenium sources on
performances and Se depositions in tissues of finishing Hawoo steers. Treatments
were controls (no Se-supplement), spent composts of Se-enriched mushrooms
(Se-SMC), Se-yeast, and sodium selenite. Treatment groups barring controls
contained 0.9 mg/kg Se in the diets by adding three different selenium sources to
their each treatment diet. Twenty finishing Hanwoo steers initially weighing 536
kg (approx. 20 months old) were randomly allotted to one of four treatments with
five steers per each diet and feeding trial lasted for 16 weeks. While the trial was
employed, blood samples were collected to analyze their Se concentrations and
GSH-Px activity. At experiment termination, tissue sample (loin, hind leg and
liver) were collected in the slaughter house to analyze their Se contents. Dry
matter intake and liveweight gain were not affected by dietary selenium source
and level. Whole blood Se concentration and GSH-Px activtiy were significantly
(P<0.05) different among treatments with the order of Se-yeast > Se-SMC >
sodium selenite > control. The distribution of Se in hind leg and liver were
significantly (P<0.05) different among treatments, with controls = sodium selenite
< Se-SMC < Se-yeast (045, 057, 0.71, 1.11 ppm for hind leg; P<0.01) and
controls = sodium selenite < Se-SMC < Se-yeast (1.10, 1.80, 2.32, 3.36 ppm for
liver; P<0.05). However, Se contents in the loin were not significantly different
among treatments due to its high proportion of intramuscular fats.

Our results showed that both Se-SMC and Se-yeast had greater not only whole
blood Se concentrations and GSH-Px activity, but also Se deposition in tissues
compared with control and sodium selenite treatments, suggesting that they
contained a high proportion of organic selenium. Though they had greater
bioavailability, Se in the Se-SMC treatment was less than that of Se-yeast.
However, Se-SMC may contribute to the improvement of farm income and human
health in the aspect of reducing feed costs and promoting functional animal

products.
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8) Effect of different selenium sources on carcass characteristics and meat

quality of Hanwoo steers during cold storage

When different selenium sources such as spent mushroom composts from
selenium-enriched mushroom (Se-SMC), Se-yeast and sodium selenite were
supplemented to finishing Hanwoo steer diets, we determined the effect of
selenium sources on meat quality after the slaughter. Sodium selenite treatments
had the highest cooking loss (24.01%), while Se-yeast and Se-SMC were 20.88
and 21.90%, respectively, which was significantly higher than 16.89% for control
group. WB-shear force was not different among treatments, but Se-SMC groups
showed a significantly lower value (3.69; P<0.05). Sodium selenite treatments had
a significantly lower pH (5.46) than those (5.50) of both control and Se-SMC.

Intramuscular fat content did not differ among the treatment groups, but there
was a tendency of higher levels for control and Se-SMC with 16.35% and 16.01%,
respectively, compared to sodium selenite (12.22%) and Se-yeast (11.69%). All
experimental groups showed a similar protein content of 19.26~19.85%. The
results indicated that dietary selenium sources had no influence on muscle
composition, water—holding capacity and meat tenderness. On the other hand,
sodium selenite groups showed a poor meat quality in objective measurements due
to higher cooking loss and lower pH compared to the other group. In sensory
evaluation, juiciness for control(5.40), Se-SMC (5.40), sodium selenite and for
Se-yeast (4.48) did not significantly differ. Tenderness was highest for Se-SMC
(5.08), followed by Se-yeast (4.96), control (4.72) and sodium selenite (4.48). In
flavor intensity evaluation, Se-SMC received the highest score (5.40), followed by
Se-yeast (5.04), control (4.88) and sodium selenite (4.48).

Sodium (Na) content for sodium selenite was higher with 488.24 ppm than other
groups of 417.63~424.00 ppm, which Fe for Se-SMC was lower (18.77 ppm) than
other group (21.52~24.84 ppm) (P<0.05). C16:0 fatty acid was significantly higher
for sodium selenite and control of 28.29% and 27.11%, respectively, than Se-yeast
and Se-SMC of 2546% and 24.93%, respectively (P<0.05). C18:1:n9 fatty acid

showed that sodium selenite (47.81%) had a lower level than the other groups,
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while control groups (0.14%) had the lowest C18:3n3 content (P<0.05).

In yield grade, Se-yeast groups resulted in higher frequency of grade A (40%).
On the other hand, 40% of grade C was resulted from sodium selenite groups
which had significantly higher level than controls, but Chi-Square analysis for all
treatment groups indicated that there was no treatment effect on yields (P<0.05).
Quality grade 1+ was highest for Se-SMC (80%), followed by sodium selenite
(40%) and Se-yeast and control groups (20%). TBA and VBN values during
chiller ageing indicated that there was no effect of different selenium sources on
fat and protein degradation. Furthermore, Se supplemented treatments had no

effect of changes in fatty acid composition during chiller ageing.

IV. Proposition for Research, Developmental and Application of the Results

The Se-SMC contained a high proportion of total and organic selenium.
Moreover, the results from our feeding trials showed that Se-SMC increased not
only blood Se concentrations and GSH-Px activity in plasma, indicating that Se in
the Se-SMC 1is highly available and beneficial in the intestinal absorption and
animal health, but also Se deposition in tissues compared with control and sodium
selenite treatments and with dietary Se levels. As the results, our technology was
confirmed to have the possibility as a functional beef. Even though, for carcass
characteristics and meat quality, Se-SMC supplement was not different from other
treatments, the stability of meat colors for Se-SMC was better than those of
control and sodium selenite treatments, and it was equivalent to Se-yeast
treatment. Furthermore, Hanwoo beef supplemented with Se-SMC was more
excellent for protein degradation during storage compared with control groups.

Taken into account for above results, the supports and endeavor from the
government and related organization should be proposed Hanwoo beef
supplemented with Se-SMC to be developed and promoted as a functional branded

animal products.
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2 oA AMNEHY] AYEe devFEEL
peroxidase(GSH-Px)9] active siteE TFAs= AE
¢ (Levander, 1986; Reilly, 1998). T 2o],
free radical®] W85 A+ ERF oy} (Luoma, 1988), H7d4 s2&9 &
slol I8t (Arthure} Beckett, 1994), W8S FTIA7I= Aoz ¥ A

(Turner®t Francis, 1991). A# w2 400 7F#] o] AW obo] Hojste= o2 A
A=d(Reilly, 1996), 53] Ad@det, et 53 2k5 Shol tig Agaart Ao

1990 Fuke] YA F A} (Clark &, 1996)= Adlweol d4=E v Az w

g AEA AdAAAE AFr A AAFHeRE dA 1 Fol Ath(Rayman, 2000).

Ag7tA Adge FAEEE 7], @A), @) do] A7E BE 45 F7I
A Y #(selenite 2 selenate)¥} 7] A dF(Se-yeast) S AR Fol| HI/MADoZA 9]
Folx gt (Mahan, 2000). F7]Ad g 45 F71AdEol vste] Hdola&o] dA

3 "ol ¥k ofyeh, A ol g gg FI "olXw, frAd e 4 7H4 ]
Atks dde] Adrk 1y, dEAIEY A FdE A E A dgFE Adsae]l
7173 el 2 EA] g oH(Reilly, 1998).

ole] we} & AFELS Ao F7] A F (selenite) & WE’] 1 F1A
wol WAl oA {78t Ho fr1ddEe =2 FAHE
Adw 723 WA stk AdE 23 WS ¢33

7] & ot

A Fell = A EA wjie] Rl Ee] F7|s7F tEFoR o]Fojd o
gt BFAIR AZAAE FFHee] dRAIRE TEAVE AAdA T4
w9 fF71stE =RFoRA HAmA | Ahge] fr18 AEE oS AT FUdS
Aoz ot

Aol gulgk 71w xﬂxﬂ Al fo A E

o WA A T o) E e %ﬂw of o giuel Ui AMAE F5
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Table 1. Ingredients and Se contents of mushroom composts as substrates

Treatments

Items
Se-untreated composts Se-treated composts

Ingredients, as—fed basis

Sawdust, % 20 20
Rice bran, % 12 12
Corn cob, %

Dried soybean curd residue, % 2

Se, mg/kg" -

Tap water, % 60 60
Se content, DM basis

Se, mg/kg” 0.13 5.84

UWhile all ingredients of the mushroom composts are mixed in the formulator, Se was
added as Na»SeOs solution corresponding to 2 mg of Se per mushroom compost (kg) with
tap water; Yafter the formulation of all ingredients, Se contents in mushroom composts

were analyzed prior to the sterilization to inoculate mushroom mycelia.
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o FHee 2ARGON, AAFFAEE o 42 ol gt AW

(At = Aesghd — HAwiAd Al )
x 100
=z

@5 A A

Algz QA HAYL A es F Adbsd §7 2 P89y S Hdl —
TBCAAM 2477 52 F FAAZ7](Labconco, Model 74070; Kansas City, MO)dll
A 39zt Azt FEs 4As AASATE dxE Fow Al FHujAE 47

(Woonam, Ltd., Korea)Z o]&3to] 0.25mmolst= wAetA Este] Aww Aol
A&t Tt

Z A EAEFS Stijve(1977)¢] W] wg} AbAx 23E o]§3to MarFEts
A9 ¥ (oxygen flask combustion method) 2 = Oﬂi/\]fﬂ %, AOACH™H(1995) 2. =
A1 1, Fref A w4 @2 3,3 -diaminobenzidine ¥ (Ariyoshi 5, 1960) o 2 #A]
skt

2) = Adyw 24

Z Ay =S M holder’} F&E AArZH2A(FEAZ, 500mL Pyrex A 2,
A=A o]slel 7| A 2k 4, Korea)E o]&35te] A, Zx3o] 70% #Aknitric
acid, Sigma Chemicals, Co., Inc.)& ZTF 575 (DDW : doubled distilled water,
18.3MCm) & 308l (v/v) 84 A1Z1 &9 25mLE Hil, 02 3%+ =3/ 237

+, W5 holderd]l AlRE FUF F HslelArh A5 A4z Soaad BAH
© AL QFE FEHA @1 BT IAEEE F2A stopperZ HF3E & FA
LA AT oldf Als U 7] 8483 (selenoamino acids)¥} 7] ] Al &) % (selenite

)

9 selenate) E5FE 924 A E(elemental Se)e 2 AIH 1w, ZgA=z | A7)}

H
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slol 4 THA] Ao A 303 WASHA T Sk aA U ETE ol |, Aol X
e 2agoS 10mLe] DDWE AlFste] 100mL Hlo|AZ &3tk volA= &7
7l 892 hot plated| Al 27 Al & 102 S 7FE3Th 7ol Eyd A2
oA Wztsla, &S NH,OH (NH,OH:DDW =1:1(v/v)Z 3]4] Sigma Chemicals,
Co., Inc.)® pHE 2+02% Z=Hd3 F 250mL BHZw7]2 AT &A% A2
o 2,3-diaminonaphthalene (0.IN HCl 1mL% 1mg, Sigma Chemicals, Co., Inc.)Z}
hydroxylamine HCl (0.IN HCl ImL% 5mg, Sigma Chemicals, Co., Inc.)& % 5mLE
Hol, & EEo 42 ¥, 1002 Bt Ao wAankeS 93] WA sk wA
£0o] &Y H, cyclohexane(Aldrich Chemicals, Co., Inc.) 5SmLE o] A3&A 5870 &
5, 5wt 5 BHE A8 A2ddA WASAT. Fol EaHW e cyclo-
hexaneZ WS # 3ol 12,000rpmeol A 33 LA &3t 94727 #Ud, oF

TS #H3de  quartz  cell(10mm, Hellma®)2 &7  spectropho-
tometer(Shimadzu, Japan) 330mmoll A A& ¢} FE& Mol OD(optical density) e =

gete] F Auws A

il

fl

cyclohexane*]

A
A~

3) 71 e Al e

ofr
Sh

FrIeAAE S v e EAshY 2 A= selenite(IV) 9l selenate(VI)
Rb e o w AFshs W oR e sl o (Ariyoshi 5, 1960), ©] W& o] 83t
o] CTAB(cetyl trimethyl ammonium bromide buffer, Table 2) & TAAE U &
Aste F71HAdUE =, selenite®}t selenateE 20% NH4Cl(Sigma Chemicals, Co.,
Inc.) 30mL%} 25M formic acid 2mLE 2] selenite2 LA Zth ©]% 0.IN HClel
9] 33'-diaminobenzidine(0.5%, Sigma Chemicals, Co., Inc.) 2mL%} 341 7F %<k A
2ol A W8] 7FEg sgANkE-E2 piaselenolS FAAIZTH o 7]l DDW= 24|
3] 418 NH4OH(Sigma Chemicals, Co., Inc)E ©]&3}e] pHZE 6 ~ 72 XA,
toluene(Aldrich Chemicals, Co., Inc.) 10mLE ¥& & Al A &5t A F pia-
selenol2 toluene=C & o] %3tA Hal, A5 9 toluene=9S FH3lo]l 12,000rpmell A
7 AR gAY dAREE 7 Eyd, tolueneA 29 F8te] quartz cell(10mm,
Hellma®) 2 &7 spectrophotometer(Shimadzu, Japan) 420mmol A Al &9} FF8 49

OD#< S74sto] Frieddss 4 st
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4) 7 A Er s 34

718 d w5 54 1AFA 7 A8 CTAB detergent’} T gd £AS 7}351]
65CoA 1 AR wjgste] Alx WE&ES AR, FE38% dPd4A= Fig. 1
of YER AT

Fig. 1o yepbdntel o], &&9 Ax dEES 10,000rpmol Al 10E7F A48 3

A ABAL A%, o THCA YER F FAALAA 54T AzAA. 7]
Q.
[e)

A EH S (%) T2 11xA7 CTAB

¢

(CTABE=EY & AdEw — CTABE=EY F7 g ddw)
x 100

Table 2. Cetyl trimethyl ammonium bromide (CTAB) buffer composition

Reagents Amounts
........................ L7l

CTAB(w/v) 20.000 g

Tris—HCI, pH 8 15.759 ¢

EDTA, pH 8 5844 g

NaCl 81.816 g

2-mercaptoethanol(v/v) 20.000 mL

All chemicals except 2-mercaptoethanol are dissolved in DDW and then adjust pH to &.
After adjusting pH, it was autoclaved at 121C for 15 min. 2-mercaptoethanol was finally
added and then made up to 1 L volume with DDW.

gt SA 24

Zy Aol dlgk Ht
8.1 ver.)e] T-testE o]&3}

dEdaFe] nu(ddE, S5 é}\?_rﬁ})—t— GLM(general linear model) procedure?]



Duncan’s multiple range test® ©]&3}o] 5% oA FoAdE A H(Steel
Torrie, 1980).

Sample

Boiling in . . .
@ Release organic and inorganic

waterbath .
5 . Se with CTAB buffer
(65C, 60 min.)

Centrifugation
(10,000rpm, 10 min.)

J

Lyophilize supernatant fraction

(Se condensation in supernatant)

J

Analyze total and/or inorganic Se in the

lyophilized sample (CTAB-soluble fraction)

J J

Total Se - Inorganic Se = Organic Se

Fig. 1. Sequential procedure for the organic Se analysis in the sample.

2. A+ 2

7k WA A A A g E

ol Al A o] 2ppmeoll s Bsh= 7l A el F(NasSeO) H7F= 1% Al g3
YAl 2 FAHA g Az HuAy F Addyw 2 FrIHdde e
Table 3 Webiglvh Aelgatao]l FAeiw Aol wlato] AblmaemAolr 2
Al S 7Fsh R EH(P<0.0001). FA 2 W Aol = Az gd oF 023uge] AelFe] HEY
at, AelgAgwAlels Ax g3 451uge] Aelwol AEHol AwwiA WA

of mlste] Aegehdol 20MiA = S7skdar, 7l el gl &2 A A e Al
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A 723%2 Uehgout, AdEFAGHAL At Pl A AEHA @
gomz Yol Aelwel f719Hz EAs

Wol Al AelFAemsio]l D2 g F/18 AT TS 3260
0.23pgRth AAA =& ASZ YERSI(P<0.0001), ol gt A

Az AU APde] FrRAdEe]l flHAdFeR ABHALS A4
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I~
2

o
©
T 949 FF 4 7E did *&Eﬂ%c’ﬂ ol Athgk dFgFS
Besson, 1976). WAl ] A#g =4 WA Fo wet gdetal, 1 Hes Az
A kg 0012 7 20.0mg7HAl A H = Bo® ey o M 54 5
B A S Boletus edulis® X 1% 9 tH(Stijve, 1977).

Aol A Frle A Ee] AR wale] Auadhadel FA e Al nlste F

iz
flr
=
0]
janl
=

[¢)

kS

7Fat A=), Stijve?t Besson(1976) WAlel Azl o 7EF Ta5EHA 9x
(72, 7h=4, Wl Blste] Augo] Buh &olstA HHHa, 49 Aduas HA
Al A FF71Fee] ddmez A= Aoz Basa glon, & A7das
olg1gh AMHES SIWe] Fuh 3 BAS FUIHAdESs S5k ey W
S AH AdES FHehe S 2333 f77] FH9 PR EAS
tHByrne¢t Tusek-Znidari¢, 1990; Lasota®t Florczak, 1991). A#lFS 33 w3t
BAE AL oA, 53] §F Sopw|ieqke] ge] fj Ao Aol x| gEo] A
Shfofn|w=ato g2 EAsE Ao2 4y 9 a(Patterson 5, 1989; Swanson 5,
1991), "tk HA Yeols 3 FoluxAt F cystineo] ©E dHEHo] Ut

(Slejkovec &, 2000). Stefanka %(2001)2 <ol (Agaricus bisporus)H Al vl Ao HF
71 A F 10ppms H7HeE & AabE wAle Adae] =4S HrteiE A3, {71
A EFo] FE selenocystine(SeCysy) & &3t B uslglal, I ko] 37%=E
A vk Fr A e eSS Raskdth & AFedA s frlEdelEel 723%%
WERSL L, Stefanka 5(2001)¢] ZA 3ot AR xolE vEuiddth WAL W 771 H
dae AR F2UHY F71dd e dedd wo A7 ol ZEE Aols
vEbd gk oyl WAle] F3 wiAl of Aol sieol wekA = HAAYW 54
He Ao dule otk

kA, 2 Aol = wiAFe] 2ppmel

0

b= oA ES H7kskel At

O

,41,



| oo e dA7AEe AR ATl wAlel A A FRel H
dl 2 Ayl Adlw wRe U o= Ads] weka, ofd wek WAl A %A
A og ey f718h dlA ) ARE s =
aeHor dojd shgAel x7] Wil oleh &

Aot mate] f7 B A w &
Al Aow deA i, delwdshislel AA

il
(1986)= HA-=e of ol Al 14 150ug94 A&

o] 4 Al g% GSH-PxZA E7 =24
g ER FJTty RIE }912‘4 Spolar 5(1999)2 3}stA o2 fEg T E
o] A4S AAAA FgEo F83HA ol82 & v R uE F

2 2
A7be] tha ol AE welFArh olo] whek WA W AdFel A4 W BE
Aol A mrh AR AARe F71 AL F Be A%

—
©
o
S
=2
>
2
>
=
B
b
™~
o)
mir
4_4
2 o
o
=
O
=
[0}s}
i
o
2
ol
o,
s
X
e
=
_ﬁ

7w (AEE 9.1%) 100g°1 S AFEE Ha dYdgEs %#/\1%‘_ T 9}—%

o= /\}EE]D}

g, o AEAE ESoly vEY EA45E W 9 v
M= *3%01 AAEE Aoz deld AthHGunnar &, 1985). & 4
Aol Bakekel do] AdulwAgatel FAETelA WA F 727 234.867%
235.25g o = e frogh ol YERA] okt AFE 1] Fol , i
oA A Frlg A FEe Ay MAle A FTol ofydd Aoz &
e, ek HAS ESe nAdEo] AEARY A gl did do] e Ao
Helch

A EA A HAwA e = AgEdTHS Table 3014 e npe} o] Ax g
T 5.04ugS ERUO] FA WA w9 0.08ugRth Fl8 Al 3= A THP<0.0001). L
2lar A2 WA iAo Fr e A ad g MAdAe ntRtNE HEEA @
of, Hulx W EAstE AdEol BF fHddEd Ao HrrEA v, A
dEAde A Hulxs WA AWE ol e el Ay el AdE EA5
o, AdEHus Huixe Frlg Ay I HAdES 47 Ax g9 77

1733} 331pg o 2 FA WAl dAwiA] B} fefstA =2 ghe WER AP <0.0001).
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AdlgAew Al A= F Aelw T F7lsddEe] &L 6667%=2 =7 e
st7lell, HwjA W EAets A A E o]l MA AL o= F7 A
daoz deko] dojdt Aow Alsdnh. oy o] AwmAel HujA M 7]
A ol FFEF A8k, 7h5e] AtRR o]8d A, AU °]&E H FHEC] §
T IR s FdemAe] SR VAV e Aem Az, 53] Lee
(2004)9] A-E Lol ojstwl, AFAFsH Al HwA S olgste] AMlwrEdtE
< 01,03, 06 2 09ppme] Aelw)= ALRE wigste] H55-7] AAM G- Fofst
Fe o, 5o dF Adelgst 2 T GSH-PxZAdo] =2 FoldA <
ERboofyel % H ) Aelw e

&5

A= Aegel sEAW o

relstAl S7ksko] Aelw st Al o ul A

&
of glo] $3 Aow Wi

Table 3. Total Se and organic Se contents in mushrooms and spent mushroom

composts
Treatments” » 3
Item SED P <
Se-untreated Se-treated

.................. MuShrOOmS
Total Se, ug/g 0.23 451 0.21 <0.0001
Organic Se, % 100.00 72.30 0.58 <0.0001
Inorganic Se, ug/g ND” 1.25 0.06 <0.0001
Organic Se, ug/g 0.23 3.26 0.15 <0.0001
Net increment of
organic Se, ug/g - 3.04 - -

------ Spent mushroom composts -
Total Se, ug/g 0.08 5.04 0.09 <0.0001
Organic Se, % 100.00 65.67 0.86 <0.0001
Inorganic Se, yg/g ND 1.73 0.06 <0.0001
Organic Se, ug/g 0.08 3.31 0.03 <0.0001
Net increment of
organic Se, ug/g - 3.23 - -

VALl values represent the mean of 3 replicates and were expressed on a dry weight basis;
Ystandard error of the difference; ° P-value is significantly different between treatments at
a level of < 0.05; “not detected of inorganic Se, less than 2 ng/g.
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| 2t

v e stdRor dabie SRR FoekA Eokd
s et AfHor dojye s HAXAE g

686ug°i Aol FhRe) 371 2 3.01ugB el oF 2v] 7brko] =9kar(P<0.001),
deaet SR Frel= F9% Apolzb yEhubA ZSktH(P>0.05). Van Elteren &
(1998)2 radiotracers ©]-&3to] &ol(Agaricus bisporus)el A w54
Al A3, 7] FE Bus 2t B9 (cap)oll A Aol w8k, o7
2L A skt —rﬂﬂVéli’ﬂ‘ﬁ‘ol AT stlow, ol d A=
gk sHE-9l o] =2 diAbe &9 7|Qlgtha A H sl

Stijve(1977)% Van Elteren 5(1998)3 Fd3 ZAFE HIsle], X AFAz
deolgh A3E Uetdida & AFA vehd Ay WAl Fo mE Aol st
°of AHA Aelw F&ol B HujAlo] o3 wAoRe AyFE 7Hsd

| 7bsatt, HolwAle Ay Bxwe tid Bus gy uirb glo] o

>
o

fll

fr oo
)

o ML mx

=2

b
>
o2
ox

2 #go
of Wi o we AT} o] FolAok & Aow AlmHT
10
P <0.001
9 S
a
> 8
3
s 7
20
€ 6 - Lo T -
E S T s T -
g 4
% 3
E]
e 2
1
0
Top Middle Bottom

Parts of Se-treated mushrooms

Fig. 2. Total Se content of each part by division of Se-treated mushrooms upon a
length.
Vabhars bearing different letters are significantly different (P < 0.05); Vertical bars rep-

resent the standard error.
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Table 4. Se loss (%) in the mushroom composts after sterilization, Se accumu-—

lation rate (%) and metabolic loss in Se-treated mushrooms

Items Se-treated”

Se content

before sterilization, ug/g of dry 5.84+0.36
after sterilization, ug/g of dry 4.76+0.23
Se loss by sterilization” , % 18.43+0.52

. Mushrooms

Apparent Se accumulation, % 14.81£0.65
Net Se accumulation, % 10.14+0.18
Metabolic Se loss”, % 4.67+0.48

DAl values represent meantstandard error (3 replicates); YSe loss (%) was calculated by
difference of Se content before and after sterilization of mushroom compost; Ymetabolic Se

loss was calculated by difference between apparent and net accumulation rates.
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Gt 4&s HaE 8 FEFFS 50%0lde] HEE wEetda, o] &
HEE 517] & Edlad AxE 02 F7tE FYsHA

a8 7t BEAse] AYs sEv AdgdsiAl duix et drksg Al Al
AE st 2 AHgate] kel stes xdsto] uletstd

A= Al FQ BEVAZAA(FA I AL A, ) RA ATl s 2 A
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Hoj Qi HEAIEES] 1% MTFsts Fe TSt HF ABAIZEESE HEAIF]
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Table 5. Ingredients and chemical compositions of fermented feeds

Items Treatments
0.06ppm 0.54ppm 1.26ppm 1.86ppm
Ingredients(%), as—fed basis
Molasses, sugarcane 13.00 13.00 13.00 13.00
Urea 1.00 1.00 1.00 1.00
smc" 75.00 55.00 25.00 -
Se-smc" - 20.00 50.00 75.00
Water 10.00 10.00 10.00 10.00
Fermentation agentZ) 1.00 1.00 1.00 1.00
Chemical composition, as—fed basis
Dry matter, % 49.26 49.32 49.40 49.47
Crude protein, % 6.39 6.41 6.43 6.45
Acid detergent fiber, % 21.41 21.38 21.34 21.31
Neutral detergent fiber, % 30.11 29.94 29.71 29.50
Ether extract, % 1.25 1.27 1.37 1.34
Crude ash, % 2.60 2.59 2.57 2.96
Selenium (mg/kg) 0.06 0.54 1.26 1.86

DSMC  denotes spent mushroom composts, Pfermentation agent was added commercially as
microbial feed additives purchased from Sambae Ltd. consisted of Saccharomyces, Bacillus,

Aspergillus, Streptococcus and Actinomycetes.

DEAE FYste] BF FE AZA GA] 1
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HHog FAsgith 7t Al wEAlE AEe pHEAS ARE AHT FA
LI0AN 22/ HE&E /TS 43 489 cheese cloth® o33 & pH me-
ter(IQ Scientific Instruments, U.S.A)E o] &3le] A5t} a8]la TEALR e #
71 F H&S FAE71 98 CTAB(cetyl trimethyl ammonium bromide, 2 & 1%
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&5 A7) 8 REAEE 23] HAA WHEo R Axsidew, AdEE
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ZF A7 B g oA AAS waAty Ads 2R PR 5%(0.05)F
Zo] A Duncan’s multiple range test® 3}%th(Steel®} Torrie, 1980).

2. A+ A3

B AGEe AGANDS AT ANAGH TAARA L] B ZATEA AdF

Tl 952 Wl (0.06 ppm, 054 ppm, 1.26 ppm, 1.86 ppm), HE7|A L&
A ZPE(OAZF, 1241 %F, 24413, 48A1%F) #HujA] 144 EAete F1AdES oY 7HA
n A& ofgt g E Foto] FrldHlwoRe] dIS Frststazt HAlskenh
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ol g3te] pH7} T7Fet Aoz A7tHch dwrxo=
A AYE =, selenite ¥ selenateE® A =34 3}

g
2 AAWA Aad ddFor @At ol At Aom A Ax, ol

Table 6. The Effect of Se concentration in fermented feeds and fermentation
time on pH

Fermentation Treatments Se effect

time, hr 0.06ppm  054ppm  126ppm  1.86ppm  SEM” P value
0 463" 4934 556" 6.35" 0.010  <0.0001
12 451" 4.38" 4.36" 4.38" 0.009 0.0002
24 4.48° 4.217¢ 4,19 4.23 0.008  <0.0001
48 4.28" 412" 412" 4.14"° 0.011 0.0003

Time SEM" 0.0112 0.0087 0.0122 0.0035 - -
effect P value  <0.0001 <0.0001 <0.0001 <0.0001 - -

Ustandard error of the mean, abedgifferent superscripts within the same row are sig—
nificantly different (P<0.05), ABCDditferent superscripts within the same column are sig—
nificantly different (P<0.05).

0 12 24 36 48
Fermentation time, hr(s)

—— 0.06ppm —-®- 0.54ppm ---A--- 1.26ppm —-®- - 1.86ppm

Fig. 3. The change of pH upon fermentation time
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Table 7. Organic and inorganic Se contents and organic Se (%) of fermented

feeds during the fermentation

Fermentation Treatments Se effect
time, hr 0.06ppm 0.54ppm 1.26ppm 1.86ppm SEMY P value
coereeees Organic Se, 967 cveeeereereereeneans

0 100.0° 6847 66.22" 65.67° 0.2859 <0.0001
12 100.0° 69.52" 68.72°4 66.43¢ 0.1907 <0.0001
24 100.0° 70.02"* 69.25°% 66.86° 0.2219 <0.0001
48 100.0° 70.28" 69.41"* 67.23° 0.4254 <0.0001
Time SEM” - 0.1779 0.3485 0.4418 - -
effect P value - 0.0019 0.0023 0.0871 - -
............ Inorganic Se, ug/g (as—fed basis)3>
0 ND 0.17° 0.42" 0.64" 0.0050 <0.0001
12 ND 0.17° 0.39" 0.63" 0.0061 <0.0001
24 ND 0.16° 0.39" 0.62° 0.0035 <0.0001
48 ND 0.16° 0.39" 0.61° 0.0079 <0.0001
Time SEM - 0.0035 0.0071 0.0087 - -
effect p valye - 0.1208 0.0132 0.1660 - -

............ Organic Se, ug/g (as—fed basis)“

0 0.06° 0.37° 0.84"" 1.22° 0.0050 <0.0001
12 0.06° 0.38° 0.87"4 1.24* 0.0061 <0.0001
24 0.06° 0.38° 0.87"4 1.24* 0.0035 <0.0001
48 0.06° 0.38° 0.88" 1.25° 0.0079 <0.0001
Time SEM - 0.0035 0.0071 0.0087 - -
effect P value - 0.1208 0.0132 0.1660 - -
Dstandard error of the mean, 2)organic Se proportion was determined by subtracting in-—

34 . . .
) )orgamc and inorganic

organic Se content from total Se content of CTAB buffer extracts,
Se contents was calculated from organic Se (%), abedgifferent superscripts within the same
row are significantly different (P<0.05), ABCDqifferent superscripts within the same column

are significantly different (P<0.05).
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Fig. 4. The change of organic selenium proportion (%) upon fermentation time
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Table 8. Ingredients and chemical compositions of experimental diets

Items Treatments
0.1ppm 0.3ppm 0.6ppm 0.9ppm

Ingredients(%), as—fed basis

Fermented feed, 0.06ppm1) 45.00 - - -
Fermented feed, 0.54ppm1) - 45.00 - -
Fermented feed, 1.26ppm" - - 45.00 -
Fermented feed, 1.86ppm1) - - - 45.00
Corn, grain 41.65 41.65 41.65 41.65
Corn gluten meal 6.63 6.63 6.63 6.63
Wheat bran 1.89 1.89 1.89 1.89
Tall fescue, hay 474 4.74 474 4.74
Vit./mineral mixture” 0.09 0.09 0.09 0.09
Chemical composition(%), DM basis

Dry matter 71.24 71.26 71.30 71.33
Crude protein 16.27 16.32 15.80 15.43
Crude fiber 12.93 11.90 13.99 14.84
Acid detergent fiber 16.80 16.78 17.75 18.71
Neutral detergent fiber 24.61 24.50 25.33 25.20
Ether extract 3.43 2.79 3.92 4.03
Crude ash 3.18 3.03 3.19 3.21
Nitrogen free extract 64.19 65.97 63.10 62.49
Selenium, mg/kg of DM 0.12 0.42 0.87 1.25

Organic Se, mg/kg of DM 0.12 0.32 0.63 0.87

Inorganic Se, mg/kg of DM ND” 0.10 0.24 0.39
TDN” 72.91 73.04 72.79 72.47

USee trial 2, “Ca 15%, P 6.8%, Mg 7.0%, Na 7.8%, Zn 5,000mg/kg, Mn 4,000mg/kg, Cu 500mg/
kg, I 300mg/kg, Co 20mg/kg, Se Omg/kg, vitamin A 400,000 IU/kg, vitamin D3 75,000 IU/kg, vi-
tamin E 500mg/kg, YTDN was calculated according to the regression equation described by
Wardeh (1981), “not detectable.
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& ) &A= GSH-PxEA 2 total(H20: and cumene hydroperoxide as sub-—
strate)?} Se-dependent GSH-Px(H»O» as a substrate)= 4o Lawrence®t Burk
(1976)¢] ®Hell wa} spectrophotometer(Shimadzu, Japan) 340mmoll A 3E7F 102 7¢
Aoz 9ol UBtu= slopes ol&dte] Zhzbe] &4 S FAsI L, 40 ol &
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GLM(general linear model) procedure® ©]&3to] EA 43¢, 2 A+ L
AFQE7| Zbol WE HE Y oA AAL P 5%+ A Duncan’s multiple range
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Rock (20012 fri7lddws 94 571 2 2719 Ao A Fo3 23 Ats
AHA = Aol YEUAl @9kar, 949 3] AT ERE AR 7]3re] e Eel et
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Table 9. Effects of increased levels of Se-SMC on daily intake of dry matter and

performances in finishing Hanwoo steers

Treatments D
Items SEM P value

0.1ppm 0.3ppm 0.6ppm 0.9ppm

Days of feeding ~  «=reeeeeeees DM intake (kg/head/d) «-:------
1~30 9.05 9.04 9.12 9.08 1.2749 0.9994
31~60 9.38 9.55 9.47 9.33 1.2883 0.9662
61~90 9.53 9.39 9.54 9.58 1.3053 0.9726
Overall period 9.37 9.37 9.44 9.37 1.2770 0.9942

.................. Performances
Initial BW, kg 627 614 600 611 36.79 0.8530
Final BW, kg 659 649 638 651 36.13 0.9108
BW gain, kg 32.7 354 37.8 39.8 10.63 0.8819
ADGZ), g 363 394 420 443 118.13 0.8820

2)

Vstandard error of the mean, “average daily gain.

. 835 Ads 559 Glutathione peroxidase(GSH-Px)&4

AtR Wl Srkeks el AddwsErt €T Adwsmel vA= 92 Table 10
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AFR W SUMEE E ket 8% AdEsEE fosA SR
(P<0.01). AFEAE AA 2FA 2 03ppm A8 T2 A3k 0.6% 0.9ppm=] ] -0l A
0.1lppme] tZ=FHo FstA St a(P<0.01), 8FAFH = e Adlyw AT
oA xRl vl FEEE dF Adw sE7F e TreEA dAFEeR
2] = A THP<0.001).

RE Aol dF AdyE FEE md 100ngol oz vyt Puls (1989)7F
AAE SEAY HAHe] GSH-Px @43 W75 82 o HA Addy 5

T

o] 60 ~ 150ng/m£?/}1 Basto] & A o] &d HFFolM= Auwe] HHEAY
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o
lenite 2t} % AdFsErl 23%4 %= ¢ %7}@'3}1 5}, Pehrson % (1989)<

18MAE o o]&Eo] =2 ALE By Hi g
Awadeh 5(1998a)2 f71ddlwd F7iAdHwES AAS Ao EFH U
253

fraction(albumin, GSH-Px, Selenoprotein P)S ZAFgH A3 ol ) Ay

o] Ffote WAL selenoprotein Pelal ®arslgar, o]t o Axz <ls}o]
FHE F3 FaE HuwA 7]Ql Al selenoprotein Pell 93] 7} 2 e Ry
 AAEE M s Aor Aidn

A, A FrsErt @3 U GSH-Px#A el mx&= 98- Table 113 Fig. 691 1
B Aot

4 Y glutathione peroxidase@ A2 H.O:05F Eo]d o g Hl33l= Se 9&¥
GSH-Px¢} H:0:9} cumene hydroperoxide 7]Z&e] Eo|x oz whL3E=  total
GSH-PxE8A4<& =A3slgHLawrence®t Burk, 1976). Se ¢&3d GSH-Px:= 4719
subunit®] &/dF-9lel 4749 AelwS e EhRA, AR EE 5SS Fil A
= Aol o M & IS =
e AxEA, Xl AJdaA 3 F79 kst as 74 A
P e | B S A A ¥

h | =
(Rayman, 2000). &+ Ad GSH-Px&4d2> A Y AYgseet A 48
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Bl ar, #Huix ) AgES 399 GSH-PxEA S #938tA Z7HA #H tHP<0.001).
= GSH—PX%V\JT: Als = AdESE 067 09ppmol A 013 0.3ppmXE.th <] 5HA

=9k (P<0.001), AFAIE 717bsek ol9l FUd AHgS yehAL g
GSH-PxZ/4d 2 AR o 27 A58 HujA W A gl Afz a7 fFolsiA
Uelgton Az ow FHe Ea F49 Aygo] GSH-PxY A= weE £n

2 ogHE Ao= UrE]r‘/‘*E‘r Ortmani} Pehrson(1999)2 -rrT7]/‘“3]‘ﬁt% 4i°ﬂ7ﬂ

nrY

3 g
o GSH-P@4e sbdom AAdte wasst & Adaa 15 o
AR S 3 A don s s A waahel GSH-PxaAel 2
e RS ST, ol PEH @ 2824 ) HdF Aot fo% FEOE
FHE S oArhe e FEd 4 A

Table 10. Effects of increased levels of Se-SMC on whole blood Se concen-
trations in finishing Hanwoo steers

Treatments N
Weeks SEM P value
0.1ppm 0.3ppm 0.6ppm 0.9ppm

............... BlOOd Selenlum ng/mL

110.86° 120.51™ 132.59" 164.13° 59616  0.0033
104.61¢ 128.12° 186.50" 213.46° 53357  0.0001
102.64¢ 161.00° 208.50" 234.50° 48611  <0.0001
12 102.57¢ 167.50° 197.50 237.00° 38615  <0.0001

Ustandard error of the mean, Pblood selenium was calculated as fresh basis assuming
approx. 18% dry matter in whole blood after Se analysis on a freeze—dried whole blood

basis, **“Idifferent superscripts within the same row are significantly different (P<0.05).
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Table 11. Effects of increased levels of Se-SMC on GSH-Px activity in finishing

Hanwoo steers

Treatments D
Weeks SEM P value
0.1ppm 0.3ppm 0.6ppm 0.9ppm

""" Se-dependent GSH-Px activity, mUnit? -

12.88° 13.25° 20.68" 24.15" 1.1505 <0.0001
12.12° 27.85" 34.21° 37.07° 1.4031 <0.0001
12.68° 20.08" 20.94° 31.07° 1.6119 0.0001
12 15.71°¢ 24.66" 27.54" 37.41° 1.4598 <0.0001
............ Total GSH-Px activity, Unit® «----------
0527 0.658" 0.931° 0.939" 0.0587 <0.0001
0.734 0.772" 1.045" 1.165" 0.1027 0.0022
0.697° 0.740 1.060° 1.168 0.0965 0.0007
12 0.622" 0.670" 1.364° 1.457° 0.1318 0.0007

Yone milliunit (mUnit) of activity equals 1nmol NADPH oxi-

Ystandard error of the mean,
dized per minute/per milliliter of blood plasma, Yone unit of activity equals 1umol NADPH
oxidized per minute/per milliliter of blood plasma, abedifferent superscripts within the same

row are significantly different (P<0.05).
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E 35 | | = 14 F e
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g £
& 25 g 10
= >
2 2 ; 08
g 8
_u‘é 15 F Z 0.6
2 °
~";’Q 10 - - - - - =04 f
Q
@ 5 02

0 00
2 4 8 12 2 4 8 12
Time, weeks Time, weeks
00.1ppm 00.3ppm 00.6ppm 009ppm 00.1ppm 00.3ppm 00.6ppm 009ppm

Fig. 6. Effects of increased levels of Se-SMC on Se-dependent and total GSH-Px

activities in blood plasma for finishing Hanwoo steers
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Photo 1. Hanwoo-beef produced by supplementing spent composts of Se-enriched

Mushroooms (in preparation commercially)
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Table 12. Effects of increased levels of Se-SMC on muscular Se retention in fin—

ishing Hanwoo steers

Treatments

Items SEM" P value
0.1ppm 0.3ppm 0.6ppm 0.9ppm
......... Tissue selenium, /J,g/g of dry -+
Hind legs” 0.273" 0.368" 0.398" 0.457 00526  0.0159
Loins” 0.314 0.410° 0.367°" 0.393" 00436  0.1113
Liver” 0.789° 1.401™ 2.392% 3.096" 05590  0.0483
------ Net retention rate of hind legs, %6 -
Increase, % 100 135.09+10.77 146.09+17.30 167.60+8.92 - -
Retention, % - 30.99+ 951 1660623 16.24+2.14 - -
-=-==+» Net retention rate of loins, %6 «=w=ewew-
Increase, % 100 130.57+6.61 116.77+7.47 125.05+2.45 - -
Retention, % - 31.10£6.72  6.96+3.10  6.93+0.68 - -

Vstandard error of the mean, Pvalues are the mean of 5 Hanwoo steers per treatment and
expressed on a dry-tissue basis, *’different superscripts within the same row are sig-
nificantly different (P<0.05).
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S 045 >
S 040 | T 40
> 535 | R=09929 |
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2025 | N25 ¢ m{f
c n 20 -
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S 015 st 2
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S o Sos |
o 0.05 2 00

0.00 o O

0.1 03 06 0.9 01 03 06 09
Se, mg/kg of Feed Se, ngkg of Feed
(A) (B)

Fig. 7. Selenium contents in tissues of hind leg (A) and liver (B)
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Table 13. Correlation coefficients among variables related to selenium

Hind legs’ Total Se—dependent
Variables Loins’ Se Muscles’ Se

Se GSH-Px GSH-Px

Feed Se 0.3768 0.8041 0.7454 0.8404 0.8977
(0.2273)" (0.0016) (0.0054) (0.0006) (<0.0001)

Loins’ Se 0.4362 0.7683 0.2369 0.6799
(0.1563) (0.0035) (0.4585) (0.0150)

Hind legs’ Se 09111 0.5212 0.7370
(<0.0001) 0.0823 (0.0062)

Muscles’ Se” 0.4802 0.8362
(0.1141) (0.0007)

Total 0.7440
GSH-Px (0.0055)

UNumbers in the parenthesis represent probability level, Ymuscles’ Se was obtained from
the mean value for Se contents of hind legs and loins.
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Fig. 8. Relationship between muscle Se content and GSH-Px activity

<
W

P<0.0035

o
~
T

IS4
w
T

<
[\S}
T

o
—_
T

2_
R=0439 @ o

o
o

020 0.25

45

0.30 040 045

Loin's Se, ngfg

0.35

I P<0.0150
35
30
25 +
20
15
10

R?=0.4036
°o

020 025

030 035 0.45

Loin's Se, uglg

0.40

| P<0.0055

R?=0.4825
o oy

0.6
Total GSH-Px, Unit

1.2

Se-GSH-Px, mUnit Muscle's Se, pg/g

Se-GSH-Px, mUnit

,69,

0.1

0.0

0.20

45
40
35
30
25
20
15
10

0.20

020 025 030 035 040 045

Hind legs Se, g

0.50

| P<0.0007

R*=0.7524

0.25

030 035
Muscle's Se, puglg

0.40

0.45

I P<0.0007

0.25

030 035
Hind legs Se, pg/g

0.40

0.45



hoARE FE R EA

2 Aol AgE A

=

¥ w9 AU s AE ALtstar H71HE el (Se-
SMC; spent composts of Se-enriched mushrooms)E 83ttt AAAEE A w
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3, A A (TDN: oF 75%)9F @il d hak(CP: oF 12%)°] A2 13 T U3 =5 Al %=35}
of AAAFEE ARESATE AFSFES HlS57] 1A% 20 F(F T AF 613kg, 20 ~ 24
NdE)E Ae73 5574 wiAlete] AFARE 12 3 wodsddth des 5d %

SAEZ AFAA 19 A E T LT TAFE oG5k

H
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gk uk 5(2001)e] Wl oste] FA s A, 7FE e Cooking loss)S AESe] 7HE
A5 5
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Leclairage) L', a’, b* @& 9t o= ZAS G, olwo EF#H2 Y=9240, x
03136, y=0.31962] W4 E}d S Abgstglon, BeAbE 10M9 #sHA 89509
6o R SASFAHAR 1=m¢ A7ty 6=vl5% dAst}, Tv, G54 1=v5
vk 6=m9 Fot). AEHL FAHS AF% 70 ColA 10827 7Hh3 & ddd
=24 7] (Warner-Bratzler shear meter; G-R Elec. Mfg. Co., USA)Z =A st #7|&
e A GEHAE, 200D ICP 33 #A4H $ EFaAA8S ol&ste dasert
e 72t SERFEY Fo A4 da w5E vE dolH AHggAd 719AI7 v
7z} EFETRAS Setzvtdd R9ldte] 7 dhe] AHERD ARE A5 EE
A& AU L s AEEAS Fgzvtd E9ste] ~2HERHH FEE 53
shal, ThA] Mgk = HAS sto] RFEFHACEZNE 2 4 i d4d vRE T
ST

ofm w4k Z24S A S 150 mgoll 6N HCI 40 mes 7hete] Aavtsags F9e & 2
Boke] 110Toll A 24413 78 A7l 5, SEE57]2 50T das A
th HAF 52 Azxye e 5% Zg2=9 02N sodium citrate buffer(pH 2.2)2 50
meo] A 3 & A7 &HS membrane filter(0.45 ym)E o] I&}o] ofn =2t =}F

A 71 (ALPHALKB-4150)e 30 pb F438te] EA43FA . Cysteine®t methione= 6N
HCIZ 7t eiAl7li gy emz Ab 7hgditel ol do] 3 Zjmjato e dvk Q-4 E
¢l cysteic acid®} methione sulfoneC. & HA3IAI 7l F Ab7] o] ofn| A BAH O 7
A etk

Aak 2724& Folch 5(1957)9] Wol] wet SAF-919] AFRE Alddte] A8 25 ¢
o Folch &<(CHCl; : CHsOH = 2:1) 180 m¢¥} BHT 0.5 m{g& %3l homogenizer(2,500
rpm) = A 3Fete] 0.08% NaCl 50 & H7F - &3¢k % 3,000 rpmel| Al 1073+ 4]
g 39t 2 3 FE9 AE 50 mgS tefron-lined screw-cap tubeo] ¥l 4%
H>SO4(in methanol) 3 mE #E7}8}od, 90C water batholl A 20%3F methylation A7l 3
hexane 3 met THF 2 mME Y2 42 §F F5& 35359 GC(Hewlett Packard

GC-5890 series plus)® &A1t o, o] wf GCe EA 21L& ofgfe] ket A

Sh
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Table 14. The conditions of gas chromatography for fatty acid analysis

Items Condition

Column HP-Innowax (crosslinked polyethylene glycol)
30m x0.32mm x0.5¢4

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 T

Carrier gas N,

Split ratio 100:1

A A ] EARAL SAS(2000) ZEI#:e] ANOVA procedureE ©]-83+ Duncan
o] Ao R ZF 9R17ke] fojAdSs vl A

Table 15. Mean and standard deviation for chemical composition in m. longissimus as a
function of organic selenium supplementation

Administration(ppm, DM-based)

0.1 0.3 0.6 0.9

Moisture(%) 65.80° £ 236 6965 + 214 6804 + 174  69.12* + 261
Fat(%) 13.15" + 3.30 737 + 284 9.33" + 220 814" + 3.44
Protein(%) 1938 + 114 2081* + 048  1977" + 082 20.42™ + 0.83
Ash(%) 0.83 + 0.07 0.88 + 0.03 0.86 + 0.03 0.89 + 0.04

* Means having different letters in the same row are significantly different (P < 0.05).

F71AdE wolred dukRgd RS st Av= Table 15004 R vpep 2o S8
slake 01 ppm 77F 6.8 %= 7FE wokal 0.3 ppm 79 09 ppm *F7F 4 69.65,
69.12 %% 7 E=A vebwth A ke g S vl e = 01 ppm 7 131
%= 7Fg #=%ka 03 ppm 79 09 ppm H7F ZH2b 737, 814 %2 vk RS HA



tH(P <0.05). @@a steko 03 ppm 77} 2081 %2 tFE g o vlEle] o e
S HATh 3Ee M= AT ZolE HolA TP >0.05). ©]/de] Ao
A 71 A8 E FoaFel 93 AWM RARS Fgld FES HolA ol Ay F

ofel oI% A W gt A

Table 16. Objective meat color(CIEY) in m. longissimus as a function of organic sele—
nium supplementation

Administration(ppm, DM-based)

0.1 0.3 0.6 0.9
L 3593 £ 206 3630 £ 160 3687 £ 176 3636 = 0.70
a 1881 £ 053 1895 + 206 1991 £ 124 1896 = 1.00
b’ 737 £ 0.73 766 £ 142 819 £ 0.93 747 £ 067

V' CIE : Commision Internationale de Leclairage.
Y1 lightness, a": redness, b*: yellowness.

Table 162 #71A#Hw FodFTd w2 A4S vlust A=A S4 L'(PE)-2 01
ppm T7F 359302 v AlFTe] 3630 ~ 3687HTF ko), oAl Aol HolA ¢
ATHP> 0.05). §4 2" (FAE) F= Wt vi7A 2 0.1 ppm77F 18812 A2 1895

o -
~ 1991 Ht} siopom &4 p(FAE)E fr|dds Fol@el e xtolg Holx] it
(P>005). A&Aom A2 F71AHE T fFeh ool wE FolAQl bol= WolA
ol 2 AlReAe] §4 A2 ARAN 08 F 4T Az Adwe S

Are o, S Al ek F7F Aldgge] dasde] AZIHATh

F71Add s Tol ol o A 545 vag A= Table 170014
R R 2= o i e 21% A% @S Hon, By
B2 5224 %04 54.06% HE YERdo, A g3t & HolA erdth
P>000). AFEFE ALFES YFLECTNA 24 waAd & ¥ d - 59 F
A ZE 2o]lS WMENE AL purge lossE 34% ~38% HY olow A7k H
o]Hel zo]E HolA| SUTHP>0.06). Atz 9ojA= 03ppm 77 454 kg/05inch’S.
o) o 7 mokomw thE A F3tel= 33 ke/05inch’l A 37 kg/0.5inch2
o)Al AfolE Kol Tt olYg A= {riAdE ool wE AolHth
v WA g Aolo] 7|Qle o R wekEw U gaFo] W@ o] T

v o i

LY
SUWA Aol 7)Y AEE FYHos WFolFe qAL 3
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Table 17. Objective meat quality of m. longissimus as a function of organic selenium

supplementation
] Administration(ppm, DM-based)

Traits

0.1 0.3 0.6 09
Cooking loss (%) 2131 + 2.34 21.02 £ 2.65 2165 + 294 24.19 + 3.05
Water holding
capacity () 5406 £ 439 5293 £ 319 5224 £ 458 5370 + 2.39
Purge loss (%) 344 + 041 344 + 0.36 381 + 0.80 356 + 0.4
Shear force b a b b

+ + + +

(kg /05 inch?) 3.50 089 44 0.96 3.32 030 370 0.99
pH 554 £ 003 554" + 006 548" + 003 553" + 0.03

*Means having different letters in the same row are significantly different (P < 0.05).

Table 18. Sensory characteristics of m. longissimus as affected by organic sele—
nium supplementation

Administration(ppm, DM-based)

Traits

0.1 0.3 0.6 0.9
Juiciness” 456 + 053 4.44 + 0.40 472 + 0.13 474 + 0.18
Tenderness” 456 + 0.62 418 + 055 480 + 0.49 442 + 051
Flavor” 476 + 0.18 490 + 042 500 + 0.14 520 + 0.38

Y Juiciness : 1 = Extremely dry, 6 = Extremely juicy; ? Tenderness : 1 = Extremely tough, 6
= Extremely tender; ® Flavor : 1 = Extremely bland, 6 = Extremely intense.

Table 182 7148w o o WE AEFY ds5ALE Aludgt Ax=A o

AL 01 ppmT 456, 0.3 ppmT 4.44, 0.6ppmT 4.72, 0.9 ppmT 4742 Ho¢Fo] =
7bghol whet oA Ut A S B oy FoHQl Aol= HolA gkt o

5 A

s

=
AT FEE ZolE Holx ko 06ppmT7t 48002 JF Egkom) 0.3
ppmT7F 418% 7Hd We s B e fr14dE Jo F5°] 0.1ppm, 0.3
ppm, 0.6ppm % 09ppme = F7}shol| whel 42 476, 490, 500 2 52002 7}l
S BAou SAA FAHS AFEHA LdeHP>0.05). HsEHS Huwg 2

B ool e A= ARt SISl 4 5FEAM WEErE e 7]
Ao ke

F71AU s wol sl B AL FUIE FEFS vlag Aak= Table 19914
B wksh 2k Ca, P, Mg Adlw Fol¢E 7l whel ddatol= gl



Table 19. Mean and standard deviation for inorganic levels in m. longissimus as a func-
tion of organic selenium supplementation

Administration(ppm, DM-based)

0.1 0.3 0.6 09
Ca 5317 + 822 56.29 + 11.54 50.23 £ 122 50.18 + 2.03
P 1,59 £ 18681 1569 £ 13481 1623 + 7931 1607 £ 4411
K 2009 £ 37611 2481 + 15411 2310 £ 17601 2503 + 5931
Na 44335 £ 39.35 42925 £ 7640 43356 £ 18.01 43439 + 42.04
Mg 20113 = 29.01 194.14 £ 1399 20490 £ 520 19759 £ 6.39
Fe 2223 £ 174 2021 £+ 164 1615 + 12.36 2141 + 2.00
Mn 001 £ 001 0.01 £ 001 0.00 = 0.00 0.00 £ 0.00
Zn 3311 + 475 3382 + 474 3333+ 306 3566 + 504
Cu 035 + 0.03 031 + 011 032 = 002 031 £ 0.05

Table 20. Mean and standard deviation for amino acid compositions in m. longissimus
as a function of organic selenium supplementation

Administration(ppm, DM-based)

0.1 0.3 0.6 0.9
CYS 0.23°+0.01 0.25"+0.01 0.24°+0.01 0.23"+0.00
MET 0.50+0.04 0.55+0.04 0.54+0.03 0.51+0.02
ASP 1.87+0.08 2.02+0.09 2.01+0.04 1.99+0.12
THR 0.91+0.04 0.99+0.05 0.98+0.02 0.98+0.06
SER 0.81+0.03 0.87+0.04 0.87+0.03 0.86+0.04
GLU 3.14+0.12 3.39+0.08 3.35+0.09 3.31+0.23
GLY 0.85+0.05 0.91+0.03 0.89+0.04 0.89+0.03
ALA 1.18°+0.05 1.29°+0.05 1.24+0.05 1.23%+0.05
VAL 0.81+0.05 0.89+0.02 0.89+0.02 0.86+0.08
I-LE 0.78+0.04 0.85+0.05 0.83+0.03 0.67+0.30
LEU 1.70£0.04 1.79+0.04 1.76+0.05 1.74%0.11
TYR 0.68+0.02 0.72+0.02 0.72+0.02 0.69+0.06
PHE 0.93+0.07 0.99+0.07 0.95+0.04 0.98+0.12
LYS 1.800.05 1.93+0.04 1.90+0.04 1.89+0.14
HIS 0.77°+0.02 0.89+0.08 0.85"+0.03 0.86™+0.04
ARG 1.22+0.07 1.30£0.06 1.28+0.02 1.29+0.06
PRO 0.72°+0.05 0.80*+0.04 0.76™+0.03 0.78+0.02

*> Means having different letters in the same row are significantly different (P <0.05).
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aga YA K, Na, Fe, Mn, Zn ¥ Cuts BE A FoAA FARE dge 1o A
TZE 2ol 7F §iit) A AT = Se el st AdE qAISHA @sked, O AE
I FUI APt AEE B4 Lee (20042 HatoA AEFe Ae AdE Fo5T
of W fFo]AQl Aol Kol §gtont Aol A9 Fr| AU 04 4] 0.1 ppm,
03 ppm, 06 ppm % 09 ppme & =7}stol wat 242 0273 ppm, 0.368 ppm, 0.398
ppm % 0457 ppmo & Fo]ZQl F7HE Btk shvHP <0.05). 7] Adwel &
e & FrlE e 98 nAA FAN A vss 7k Ady 3

& F7bske A% nel f714dF B8 w4 b Bassi.

Table 21. Effect of the level of organic selenium supplementation on fatty acid composi-

tion
Administration(ppm, DM-based)
0.1 0.3 06 0.9

Cl14:0 3.07+0.38 3.01+0.12 3.39+0.22 345+0.25
C16:0 28 08+0.89 28.26+1.2 29.69+0.86 29.32+0.84
Cl16:1n7 4.18+0.26 470+0.48 4.45+0.53 3.74+0.36
C180 9.95+0.48 9.78+1.08 9.82+0.94 10.09+0.41
C18:1n9 51.68+0.89 50.92+1.12 50.17+0.89 50.61+1.20
C181n7 0.70+0.27 0.61+0.27 0.28+0.05 0.40+0.07
C18:2n6 1.64+0.17 1.89+0.18 1.60+0.10 1.70+0.16
C18:3n6 0.01+0.01 0.02+0.01 0+0.00 0.01+0.01
C18:3n3 0.03+0.01 0.03+0.01 0.03+0.01 0.02+0.01
C20:1n9 0.39+0.04 0.33+0.04 0.27+0.02 0.29+0.04
C20:2n6 0.02+0.01 0.01+0.01 0.01+0.01 0+0.00
C20:3n6 0.09+0.02 0.13+0.02 0.09+0.01 0.1+0.01
C20:4n6 0.17°+0.01 0.28"+0.05 0.19°+0.01 0.26"+0.03
SFA 41.10+0.88 41.05+1.81 42.91+1.13 42.86+1.03
USFA 589+0.88 5895+1.81 57.09+1.13 57.14+1.03
mono 56.94+0.70 56.56+1.73 55.17+1.07 55.03+1.03
poly 1.96+0.20 2.39+0.27 1.92+0.10 2.1+0.18
n3 0.030.01 0.03+0.01 0.03+0.01 0.02+0.01
nb 1.93+0.20 2.36+0.27 1.90+0.10 207+0.18
n6/n3 48.12+1.75 57.29+5.14 45.28+572 54.23+3.05
MUFA/SFA 1.39+0.05 1.40+0.11 1.29+0.06 1.29+0.05
PUFA/SFA 0.05+0.00 0.060.01 0.050.00 0.050.00
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Table 202 7] Aelw7dst WA HAwlAl ALRE HoAd Har] J29 o=t %
e gt AdeA AzEHRl, ded, slaHd, ZRlA B¢ 0.1 ppm=
+7F Fg 2e HeS B9 03 ppm FAT7F M = A
(P<0.05).

0 ak ASH

=dE&2 06 ppm A7 vE AYTE °ﬂ Hjsto] Zd o] &9k

), 0.3 ppm A T7F 20%9] EHEZ MY e =dE ATHTable 22). o] Z
= AT AE TR bR gk A gole} shrl= 01?343 A 2

SA4H3 5 1+ew L2 01 ppmAZ T 0.6 ppmA 2] Foll A 20%= T
A gl Hlste] =2 & Ak, o2 AgFolMe= 54 35w =&
0%<1e] Bl&te] 0.2 ppmA T+ 4 359 &0 0%= 7HE Az 445 B

o
gt

o:]q_
SHY FARNA AGTe 2ATFRE Aol A wlas ofel ) f7] 4
FEeld @ 2A5E A 9ge A9 gt Aoz BuAd

Table 22. Effect of the level of organic selenium supplementation on frequency of yield

and quality grades

Yield Grade Quality grade

A B C 1+ 1 2 3

Ratio 40.00 60.00 0.00 20.00 80.00 0.00 0.00

No) @ 3 O n @ o o

Administration 0,3 Ratio 20.00 60.00 20.00 0.00 20.00 40.00 40.00
(opm No) (M @ W O R )

3 ’ 06 Ratio 60.00 40.00 0.00 20.00 60.00 20.00 0.00
DM-based) YO (o) 3y @ (0 (1) 3) (1) 0)
09 Ratio 40.00 60.00 0.00 0.00 40.00 60.00 0.00
Y No) @ 3 (0) o @ 3 0
Ratio 40.00 55.00 5.00 10.00 50.00 30.00 10.00
(No.) (8) (11) 1) 2) (10) ©6) 2)

0.1

Total
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Table 23. Effect of the level of organic selenium supplementation on carcass character—

istics
Administration(ppm, DM-based)
0.1 0.3 0.6 09
Backfat (mm) 9.80+3.35 10.60+4.45 9.20£5.12 10.40+3.58
Ribeye area (cm?) 86.80+10.50 76.00+7.31 82.60+8.26 81.20+4.09
Carcass wt. (kg) 391.60+37.06 385.20+13.63 363.00+30.47 368.40+33.31
Yield index 68.49+1.35 67.28+1.92 68.59+1.99 67.95+1.48
Marbling score 4.80"+1.30 2.20°+0.30 4.20"+1.10 340°+1.14
Meat color score 4.80+0.45 4.80+0.84 4.60+0.55 5.00+0.71
Fat color score 2.80+0.45 3.40+0.55 3.20+0.84 3.20+0.45
Texture score 1.40+0.55 2.00+0.00 1.40+0.55 1.80+0.45
Maturity index 2.00+0.00 2.00+0.00 2.00£0.00 2.00+0.00
Quality grade™ 0.80"+0.45 2.20°+0.84 1.00°+0.71 1.60"+0.55
¥ Quality grade : 1" grade: 0, 1 grade : 1, 3 grade : 3
AT 55 #AAHAS vust A3 IUAYEe §ES5FANA 0.1 ppm, 0.6
ppm*] 2] -} 0.3 ppm ﬂﬂl?ﬂ Aol 5 Aelstal v Ael g el ZAkolE Kol
A ‘E’%?}E‘r(Table 23). A4 = 03 ppm AYF7F =AHL] B 52 S¥FeH
=d8dAM M Axd ARES BTk old Aa= Addwaoldd o3 Aolntt
= JHA Zpolel o7 Ao w wAekE
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A5 A Aewe] 2354 717 2AHS AT FALGAE
L AT S g

E AFAAME 133 ALEAIF A Ao A3E EYQE Agd AF AYess
(0.9ppm)oll A FolA71 7+, 4704, 671€)S Ea S uf, ¥ &5 399 %
2 A EdEFy = glutathione peroxidase(GSH-Px)&Al o] mx&= S XA}

sto] HulxalE A 71ke ANt A s
CRSERERE

1 Al A

(2) FA7FE ] 5
(3) AtuAZ - frIAdEAst HAHNAE Fhete dEAIRE A xRt Fols)
PJar, AAF Atz Fol2 98 257G e HEARS Axsuc 4 AT A}
gy B sketd 2442 Table 246 YERY Utk Table 24004 H=nel o] 7
Ao APA RS HHF7] AmddA 2T HE oot g A sFE tste] A
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Ated AdeEsEd 0. LI R = e R B B 1 P = i i
(Se-SMC)#+ I Al # Z7(Contro) & Hro] 648 = A3
e AR 4 A B SE7AA S 574 wA s, F 3075 EA
stk A g A A= Table 259 YeER gtk
(5) AFSFEE ¢ B AFEAIF AFEE BE S AMSE ZF penoll A FER 67
o =% o] ATs SAHT F 574 FVIrE st FateE o] vz =S
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Table 24. Ingredients and chemical

compositions of experimental diets

Treatments
Items
Control Se-SMC
Ingredients(%), as—fed basis
Se-SMC" - 24.60
smc” 24.60 -
Corn, grain 55.54 55.54
Barley, grain 5.40 5.40
Corn gluten meal 1.89 1.89
Tall fescue, straw 474 4.74
Barley bran 1.89 1.89
Molasses, sugarcane 5.85 5.85
Vitamin/mineral mix” 0.09 0.09
Chemical composition(%), DM basis
Dry matter, % 75.69 75.51
Crude protein, % 11.66 11.19
Acid detergent fiber, % 12.05 12.12
Neutral detergent fiber, % 17.64 17.55
Ether extract, % 2.46 2.92
Crude ash, % 2.28 2.33
Calcium, % 0.84 0.83
Phosphorus, % 0.28 0.29
Selenium, mg/kg 0.083 0.897
TDN”, % 74.27 7455

VSe-sMC designates spent mushroom composts from Se-enriched mushrooms, and SMC

represents spent mushroom composts from normal mushrooms; Pconsisted of Ca 15%, P
6.8%, Mg 7.0%, Na 7.8%, Zn 5000 mg/kg, Mn 4,000 mg/kg, Cu 500 mg/kg, I 300 mg/kg,
Co 20 mg/kg, Se 0 mg/kg, vitamin A 400,000 IU/kg, vitamin D3 75,000 IU/kg, and vitamin

E 500 mg/kg; YTDN value was calculated according to the regression equation described

by Wardeh (1981).
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Table 25. Experimental design

Feeding period
Treatments Total
2 mon. 4 mon. 6 mon.
Control 52 5 5 15
Se-SMCY 5 5 5 15
Total 10 10 10 30

YSpent composts of Se-enriched mushooms; “the number of finishing Hanwoo steers

within a group.

L AEAEEA S 5 2 25, W dds SA

AYatzel dubdiE 9 AFAEAS AOAC1995)% ¥ 7 Van Soest 5(1991)9]
el Fstel BHSA 19w AYAR O AdE B SAAZ/NA 397
Azstel FRS A7 AAse] AV Imolste] A4/ R RAF F ALF
oozl * e

Ao AAAA AOAC9D)HH o= FA L, ddz 45 9
[e>

oA 7d7 AEFe] AR AYFEEAY U PHor B

off
i
o
BN
~

o}, AW GSH-Px 84 %A}

4 ] &A%t GSH-Px#E A2 Se-dependent GSH-Px(H2O; as a substrate) =
4] Lawrence®t Burk(1976)2] el uwhgl spectrophotometer(Shimadzu, Japan) 340

mol A 3&3F 102 Aoz ¢oja UHEYE slopes ol &3t zt7te] 48 54

ahglar, EAel ol g® EE Ak SigmaAFE AR&ETE GSH-Pxe 199
(lunit)= 8% 1 mL7|+=2 2 1% F<F 2F8td Inmole] NADPH#H-S UheRWTH
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Zy AExg AT A& 59 5F) WHES dle] SAS package program(2000,
release. 8.1 ver.)9 two way ANOVA procedureE ©]-83}o] Se-SMCE 3}, H7|7F
&3 9 o]l59 Az Fde thete] 3x 2 2143 (factorial design arrangement) 2. 2
A Agstdv. 24 A "ol o4 2L P 5%FFolA Duncan’s

multiple range test® 3} tH(Steel?} Torrie, 1980).

2. A+ A3

R

1A w s Al dui A ] Folv) ko]l AARd=AA gl A= dFS Table

2601 FEFW AT

Table 26. Effect of feeding period of Se-SMC on feed intake in Hanwoo beef

steers
Feedi iod
cedme pero P-value (effects)
Period 2 mon. 4 mon. 6 mon. SEM"
2« 3 ~ mon.x
7 Se-SMC
Control Se-SMC Control Se-SMC  Control Se-SMC on ¢ Se-SMC?

............... DMI (kg/head/day)
1 mon. 98 976 952 949 929 935 127 09596 09942 0.9732
2 mon. 988 982 963 953 937 933 096 09732 09635 0.9532

3 mon. 9.84 992 958 990 077 09648 09654 0.9873
4 mon. 995 978 984 955 094 09974 09729 0.9616
5 mon. 982 98 047 - 0.9726 -
6 mon. 972 955 052 - 0.9942 -

Overall 987 979 974 968 9.60 959 038 09724 09847 09573

YStandard error of the mean; 2)feeding period effect; Y5e-SMC effect; Yinteraction between
feeding period and Se-SMC; P-value within each effect is significantly different (P<0.05).

Se-SMC Fol717ke] me u%F7] @59 ABHABE Fol7113h e HE

olste] AT ko] FolF o)zt VA @i, Azlte] 19 Wit yALE of

=
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97keE AAAH, Adwel AFEAFAC] AFadow vEhbA Fokn o
Se-SMC9] #7117t Fo=2 Qg F532F T3k YelA] gkt

Rock &(2001)2 FF714dwS
AHAF Aol dEhbA Fskvar R
Gunter 5(2003)% FF7|ddws LA
of Zol7F YElUR] gty R st o] , Ivancic®} Weiss(2001)= &
7] A ¥ F (sodium Selenate)% Z7}etE +£20.1ppm vs. 0.3ppm) o2 ZHF-So A Fo
stAs w, AEAdFAFe] A Bauslar, ofsh 22 Aye Friddasd &
o] Fzatgol s /‘}Eﬁﬂ%‘;ﬂ] Aghs wetha A skel

AP APE2 vsATol ek 270 sl (AT 677 ke), 47H 4 79
T (B AF 610 kg), 670E Fow (FEAF 524 kg) O & o] AlRE a4
A, Aol we A Aol gk vEhubA] sk B A= <F C(ZOOZ)—J A
ANA YERE I fFAREA

rh

71 A E s AL Huj x| o] Fol 7)ol FA el 1A
9 3 10 YEFW A

s

@ 3F2 Table 27¥ Fig.

Table 27. Effect of feeding period of Se-SMC on BW gain of Hanwoo beef steers

Feeding period P-value (effects)
Items 2 mon. 4 mon. 6 mon. SEM” 2 5 mon.x
mon.” Se-SMC™
Control Se-SMC Control Se-SMC  Control Se-SMC Se-SMC
. Performance ........................
Initial
BW 676.5 6775 610.0 609.0 524.8 523.0 26.52 <0.0001 0.9576 0.9943
Final
BW 721.9 719.9 704.5 708.0 687.2 665.2 26.78 0.0113  0.5398 0.6135

ADG, g 7575 707.5 7875 825.0 902.5 790.0 10796 0.1305  0.3570 0.3966
Total

. 455 425 94.5 99.0 162.5 142.2 16.11 <0.0001  0.3546 0.3128
gain, kg

DStandard error of the mean; 2)feeding period effect; ¥Se-SMC effect; Yinteraction between
feeding period and Se-SMC; P-value within each effect is significantly different (P<0.05).

AN " XA T FERATS Tkl S7keel wet folstAl xtelE v
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UL IL(P<0.0001), Fol7)zbe] Frbgel wheh folahAl kthP<O0D. ol AHA
@ A% AFe] Fole] @ WA A% Aoz YA

AW, F FAGE Fol/zre] FAHF wet folaA)
Se-SMCel g &3 md JEuA edd. w@
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%, 2001; Rock &, 2001).
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Fig. 9. Effects of different feeding period on BW gains in Hanwoo steers.
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Fig. 10. Effects of Se-SMC supplementation on BW gains in Hanwoo steers.
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o} = AYF =9 GSH-PxEA W3

1A w7 s A A o] Fol7|ite] dF AYlws el nAl= 92 Table

28 EFW AT

Table 28. Effects of feeding period of Se-SMC on whole blood selenium concen—

trations in Hanwoo steers

Feeding period

Period 2 mon. 4 mon. 6 mon. SEMY

P-value (effects)

2 . 3 mon.x
Control Se-SMC  Control Se-SMC  Control  Se-SMC mon” - Se-SMC™ o " e

............... Blood selenium (ng/mL)
2wk 9725 14612 9634 15367 9265 15214 11.97 0.8708 <0.0001 0.7361
4wk 8672 19936 938 20252 9938 190.55 11.97 0.7555 <0.0001 0.2558
8 wk 104.21 25562 101.77 24851 9596 23824 10.29 0.1258 <0.0001 0.7811

12 wk 87.67 25049 9833 25547 1036 0.3988 <0.0001 0.3988
16 wk 101.26  256.37 102.69 26621 632 0.1211 <0.0001 0.3447
20 wk 91.27 26533 543 - <0.0001 -
24 wk 89.76 25768  8.86 - <0.0001 -

UStandard error of the mean; 2>feeding period effect; Y5e-SMC effect; Yinteraction between
feeding period and Se-SMC; P-value within each effect is significantly different (P<0.05).
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<& Table 29¢] WeEtHATH & A3 GSH-PxEAEL 4 o] Adlaseet FAHS
S vehligla, #HeA W A 52 GSH-PxZEA S FostA Sz
(P<0.001). 2831, x3}7]3be] & GSH-Pxe] &4 9] ztoli= WA &ttt 84

b 28 7|3kl A AFETIREe] A& el whel Se-SMCH e GSH-PxZA L <

= S Ytk Maus 5(1980)8 2 &9 A 0.2, 0.3, 04 % 0.7 ppm< T
frete 71 g sAtEE T3S W, AFd7Izte] A &g wep 5 2 fu
Sedt® % GSH-Px@A o] T7lehs A4S Bta st B A3 fAS 43S

et ok webs £317)3bel] whE GSH-Px&4d 2 Se-SMCH Aol 93 & .
glotAl vEy 235471703 GSH-Px#3Ad 7o) Zdert yetyA] o Aoz Ay
At

Table 29. Effects of feeding period of Se-SMC on plasma glutathione peroxidase

activity in Hanwoo steers

Feeding period P-value (effects)

Period 2 mon. 4 mon. 6 mon. SEM”
7 Se-smc? Mo
Control Se-SMC  Control Se-SMC  Control Se-SMC mon.— € Se-SMC?
-~ GSH-Px activityS), UL weeememmemmmemmemnmnes
2 wk 16622 20.126" 13.065° 32.047" 12.221° 23354 33973  0.0630 0.0001 1.0000
4 wk 18443° 35669° 16574 35746° 12523°  43.013° 51358 0.5714 0.0213 0.3601
8 wk 12.858° 41.948° 11.094" 34.468" 15983  32.061° 2.8217 0.4432 0.0075 1.0000

16 wk 12418 35.711%  14.327°  26.969" 54875 00635  0.0446 0.1880
24 wk 13911" 46007 20114 - <0.0001 -

YStandard error of the mean; Z)feeding period effect; Y¥Se-SMC effect; Yinteraction between

feeding period and Se-SMC; P-value within each effect is significantly different (P<0.05);

Yone unit of activity equals 1 nmol NADPH oxidized per minute/per milliliter of blood plas-

ma; Y*P°different superscripts within the same row are significantly different (P<0.05).
g 9 7 2A g A 24
F71 A w4 A o] Fol7zte] 25 H 3 24 U Adgi e vAE

GeFe Table 303+ Fig. 1191 Lhehigleh, S4W Al Fe Follaa Ay 4
dEsEel olstel fo8 EIVF e @k ole B REE i
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(marbling) 2.2 <l3le] A& (red meat)o] ZFH AdFES IJAAIA veEpd Az
AZrEch wEbd = Ve 583 g S Soldo®z H g & A

WE A= 5ol doermm AuAlxe] ofste] SAW AwSA ol Wy

Table 30. Effect of feeding period of Se-SMC on Se deposition in Hanwoo steers

Feeding period P-value (effects)
Items 2 mon. 4 mon. 6 mon. SEM"
2 aangd)  mornx
Control Se-SMC  Control Se-SMC  Control Se-SMC mon. Se-SMC Se-SMC?Y

"""""" Tissue Se, pg/g of dry weight
Loin 0.448 0.463 0.444 0.454 0.434 0.482 0.0363  0.9373 0.2929 0.7236
Hind 0.453° 0.587" 0471 0672 0.428° 0.733" 0.0452  0.0464 0.0002 0.0933

leg
Liver 1069 2.105° 1.103" 2330 1.125°  2.430° 0.2211 05012  <0.0001 0.6932

DStandard error of the mean; 2>feeding period effect; ¥5e-SMC effect; “interaction between
feeding period and Se-SMC; P-value within each effect is significantly different (P<0.05);
abedifferent superscripts within the same row are significantly different (P<0.05).

A
o
u

Al

SAW AP EdaEe F9717HP<0.05)3 AW AdEP<0.001)0] o]
A Z7Fsk . dkR ek, Se-SMCO 47/M1Y Fo+3 6719 F
}_

UERHA @stom, of= 5 AelESA el o7t 4

el E el frelat

ol Fol@ Ho

61 Abolol ! ol FHuA u, AYFEOR FAHE AT T 5 Ak
[e)

F= Fo7Izke] &k yEhA kA, s aaks # o

7

=

How vehgd. aelw, gETel F4 2 ) AdFdae Folv ke Flad
1)

= sl 9t AoE vehgth mebd, B ASRiE 259 ddy A9 543
;"
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Fig. 11. Selenium contents in tissues of Hanwoo steers with varying feeding

period (mon.)
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Pt Park 5(2001)¢] Wl wel FAgskAar, 7FE 7R (Cooking loss) A E59]
7tE A& FHEaE Aaslgde. pHE =4 pH meter (pH*K21, NWK-Binar
GmbH Co., Germany)Z =43ttt §42 25& ddste] ddws 37 Fol 30
¥ =Z=A|Zl % Chromameter(Minolta Co. CR 300, Japan)® CIE(Commission
Internationale de Leclairage) L', a’, b™ < 9t o2 =AH3¢ o olue] g+
2 Y=9240, x=03136, y =0.31969] 94 € 4L A48k 3, ChromaE {(a)*+(b)})"
2 tan '(b/a)E Hue angleS T893, {(AL")™(4a")*+(4b )22 AE(Total color
difference) & T-atATh s = 1079 deAA 2950 6dReE FAFAT
(A= 1=m- A7, 6=m-¢ Attt Fv, d54d: 1= vmo, 6=m-¢ Foh).
AdEe A4S AF2E 70CoA 1023 7Hgst & Hdd= 4 7] (Warner-
Bratzler shear meter; G-R Elec. Mfg. Co., USA)Z ZH3dt. F7| &8 =S ICP
Z

WY BAY F EFFNPL ol§ste] YaBEA g

= 1= =
apoll E=Siate] Zb 4o AHEYRM ArE FAHSY xEFHS AT 1 v
o AERAS Zehzvbed =SQldte] 2HEYAN FEE FAS, oA W=
&

%732 Folch 5(1957)¢] Wil wel SAF-919 ARE Aldste] A5 25 g
of Folch 89 (CHCl; : CHsOH = 2:1) 180 m¢¥} BHT 0
rpm) 2 A gkste] 0.08% NaCl 50 mE H7F - 33k 5 3,000 rpmell Al 10=7F ¥4
29 g9t 1 3 &9 AE 50 mgd tefron-lined screw-cap tubeo] Ei 4%
H>SO4(in methanol) 3 mE #E718}od, 90C water batholl A 20%3F methylation A7l 3
hexane 3ml®t T/FF 2 mE ¥ 42 +5S 3lgste]l GC(Hewlett Packard

&
k-3
GC-5890 series plus)® #Astgon o] wf GCY EA AL olgo xef ).

5 mlE ¥ 3l homogenizer(2,500
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Table 31. The conditions of gas chromatography for fatty acid analysis

Items Condition

Column HP-Innowax (crosslinked polyethylene glycol)
30 m x 0.32 mm x0.5 x&

Temperature program 10°C/ min.

Detector Flame ionization detector(FID)

Initial temperature 120C

Initial time 1 min.

Final temperature 240°C

Final time 10 min.

Injector temperature 250C

Detector temperature 230°C

Carrier gas No

Split ratio 100:1

S0 3ty AL Krzywicki(1982)e] WMoz Ay 24 %52 4 ¢
FHste] WHae ® 3592l phosphate buffer (pH 6.8, ironic strength 0.04)E 20 ml
Yo T 13000 rpmolA 1027 # &3 (model T- 25 Basic, IKA, Malaysia) 3}31t}.

S A FES Warriss(1979)¢] WMo g FEagla, dAdS WokiolA 14
b wAg 3 5000 gl Al 307 942 (model SCR20BA, Hitachi, Japan) A3
. A5 9dS Whatman No. 1 9 #A = o] 73k § Spectrophotometer(model DU-650,
Beckman, USA) 572, 565, 545, 525 moll 717} §35E5 SAst o3 22 b=
A& o] g3dte] A&t A A (myoglobin, Oxy-myoglobin, Met-myoglobin®] &)l
gk WE&= JERIch
[Myoglobin] = 0.369R; + 1.140R: - 0.941Rs + 0.015
[Oxy-myoglobin] = 0.882R; - 1.267R2 + 0.809Rs - 0.361
[Met-myoglobin] = -2.514R; + 0.777R2 + 0.800R; + 1.098
7oA Ry Ry Rel 77 AP/ATS AT5/A55  AP5/7A5% w] o]t}
Met-myoglobin reductase #£41& A Al#A2S 2339 myoglobin substrateE T

&3 e WEe weh 4T WFANN SRR A2 AW, 2FY, AAEA

O
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S AAS A 500 goll A7 S/FF 1000 mE 92 § 1HO = 60-90%3 &
3} Al homogenizing %3, homogenizingS 2N NH.OHZ pH75 %% t}e 13700 g
2 20825 4T) AT stk B S dS FHAsta o7l (NHi):SOsE ©]
g3t 70% ¥3FAZ1E 2N NH,OHZ pH 755 23 30837+ stirring 3FL
Ammonium Sulfate Fractions 13500 g2 1587 dA T A7 AZHE 23 &
(NH2S0.5 ©o]&3te] 100% >x3tAl7]a1 H Q8 pHE 752 ThA] 253 § 9o
celiteE 1g/100 mlE ¥ 1A|7F stirring 3+ ¥ glass filter® vacuum filtering 3} %1
AES HAd HH3] &0 F A7hE FFTE 500-750 meE(500 me= ghrl) Z47]'
g 3 20.000 g2 2077 YA RS glass woolZ o] #H3Fe] HolglE elites Al A
stAth FYd E9(0.75 nMeoldoR) KsFe(CN)ss oxymyglobing ol 3 7}3}ar,
3041t stirringdte] AFSFAIZATHO.00075 M x EAbaF x A4l 3k A5 o 2).
Metmyoglobin&H4-& 122 ZFH/F<o thsle] FA3sta, 0.02 M sodium phosphate
buffer pH6.02. 2 HIF S 2E L 231 T3¢0 tF. Ammicon diafilteration cellS o] &
ste] 300 meolstE F=% 2H24d S skl
@ Column : 5x4 cm AF&3}a1, CM-sephadex C-25
Soh(dry wt : B 10 gd =) @ 0.02 M sodium phosphate buffer pH6.02 2 33
S @& @ Met-myglobing 9< loading?tth. @ 0.02 M sodium phosphate buffer
pH6.0 o3& 280 mnellA F3%=7F dAASA Frstdvrt FAE JRe] FE7HA
elution 3t} ® 0.02 M sodium phosphate buffer pH 7.02. % uv}4:o] elution 3t} ®

4

rie ot

Column Chromatography

0.03 M<¢] NaOH= A& Y_ﬂE‘r @ ©A 0.02 M sodium phosphate buffer pH6.0S &
o}, ZE Aol B I 50TCoA 1087 449 0} , 2000 rpmel A 1087F 94
g 393, 10 m 1ge] DEAE-celluloseE #7F3F 3 2000 rpmol A 10E7F LAIE

= 3}325}. olg Al =H]¥ myoglobin substrate= 2t FHo| & 3slo] -80To EH
depda, A AHEE W= galldte]l 10.000 g= 1037 A skl ARESt
Al& o] FZ(Bovine muscle extract)2 Al& 5 gol phosphate buffer(0.002 M, pH7.0)
25 mE 4Col4 homogenizingd}il, homogenateE 47T, 35.000 g, 3087 A Eg
st A59S Watman No. 5412 o ¥33le] AWES A A% Extract
Oxyhemoproteins ¥ 3} potassum ferricyanide® 2F3}A|Z1 & 0.002 M phosphate
buffer(4C)oll A 3% dialysis(12000 M.W cut-off membrane)dtat, 15.000 goll A 20
BEA4T)ZF AR &)k dialysisd muscle extract®= 0.002M sodium phosphate
buffer pH7.0 2% volumeS 2oml= 9331 Met-Mb reductase assay #2418 A5 =2
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>

|83t} Met-Mb reductase assayt w34 %= Z4& Ao 5 nM disodium EDTA
01 m ¥ v 50 nM Citrate buffer(pH5.65) 0.1 m{S %32, 3 nM potassium
ferrocyanide 0.1 m{S F7}3Fa2 3 nM phosphate buffer(pH7.0)W 0.75 nM Met-my-
oglobing9 02 m¢ ¥l 223 muscle extract® 02 m¢ FH7}stal DW(SHF5)
Met-myoglobin& H (A FEd) 02 mS Yt 2832 1 nM NADH : 0.1 m¢ ¥
AL 580 mel Il FFEE FASTE Blanks NADHE ¥4 %1, $HTE
01 mt ¥ ZAHsA

Oxy-myoglobin A4 @3} Met-myoglobin activity:= o}2]e] 3-2d 98] &3
=3

Ll

i) B
OzyMb AR A2 = e L 5100
Y Y] = 12 % 10°
10°
OayMb A2 % x (=20 ) x 5] 4 v} &
Metmyoglobin  activity = kbl By
AE A (9)

X
AE A EARAL SAS (1996) ZE 1 GLM procedure® ©]-83dto]
Duncan®] ttEd4do=2 7t QRI7te] FoAE v FAsda §4 9 SIF5ad
@2 ¥ EHow nusidd
2. A2y
fr7ldewel H7bE AR Fo7|be dElste] HSAZ S AAS AESS
AW S A% A3 Table 323 2tk 32 63%0lA 66%7HA #3238
o Fo7|ztel wWE FoAQl AolE HolA Fstom TuiAW=e HHFAow
A" T AgFEFe AHyFER oF 11.7%0A 164%4 = HEE Hou
FE FFI 2ol ATt AelE HolA FUTHP>0.05). S T377F 20.8% %=
W =9ka, T297F 192% % 71 2o 2AS B o83 Ays 3% #7]

g
Aelel B FEe sl oS w, dugRel 24 ol melA gl

’
Q5 AREA 3

tH(Park 5, 2005)= Aot FAFSEATE o]de] Ax
< A0 2 e

=2
R
Ho
N

S



S Fel HobE AbRe] Folrl7e Delated WAL BEAMS ALgel
94 S4L BA Avhs Table BA wi vk 2ok 452 g ze9e
W odofib: e £4 AEE Pohnui AEE AALTFS ol §ahivl HAuFL
=

od‘
rulo
=)
rlr
N

Hdol WMo w Yeun, Rl o °
9} Fennema, 1976; Cohen, 1984). 52| pH7} =2 7}d1kko]
ALE pHel AsH(Savage &, 1990)2F <59 5 (Hamm, 1982) 22 3 1
A e B AP e AT wE pHe Wilel tdaHEe 2 AolE y
B A gskrh ke g A gAY Ao m At 7oA <l

B ol x| ¢ LrH(P<0.05).

Table 32. Mean and standard deviation for chemical composition in m. longissimus as a

function of organic selenium supplementation (Unit : %).

C Tl T2 T3
Moisture 64.48+0.82 63.29+0.78 63.99+1.46 66.60+1.54
Fat 14.73+1.12 16.38+1.00 15.97+1.84 11.68+2.11
Ash 0.85+0.03 0.81+0.01 0.80+0.04 0.92+0.14
Protein 19944035  19.52+0.30 19.24°£0.40 20.81°+0.58

C : The Hanwoo steers fed on general feed

T1 : The Hanwoo steers fed on general feed with organic selenium(0.9 dry matter—based
ppm) in mushroom cultured media for 2 months.

T2 : The Hanwoo steers fed on general feed with organic selenium(0.9 dry matter-based
ppm) in mushroom cultured media for 4 months..

T3 : The Hanwoo steers fed on general feed with organic selenium(0.9 dry matter—based
ppm) in mushroom cultured media for 6 months.

. Means having different letters in the same row are significantly different (P<0.05).

ol# g AT A= O'Grady 5(2001)°] A#lw Holol o Harje Eg4 54
o F9% Hol7t flvkes Harel fARSE Aol ubw

Hlske] AlE T T1, T2, T3 27t 63.8, 64.4, 64.2%= 242
W(P<0.05), wo]7]3kell mE ol ®olx] ek kth(P>0.05).
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Table 33. Objective meat quality of m. longissimus as a function of organic selenium

supplementation
C T1 T2 T3
Cooking loss (%) 21.19+0.69 20.57+0.69 21.00+0.25 20.95+0.54
Shear force (kg/0.5inch?) 4.09+0.23 4.40+0.20 3.69+0.23 3.91+0.27
pH 5.52+0.02 557'+0.01 5.50°+0.02 5.50°+0.00

Water holding capacity (%) 59.45"+1.04 63.81°+1.00 64.38°+0.75 64.16°+0.95

Treatments are the same as described in Table 32.
b Means having different letters in the same row are significantly different (P<0.05).

Table 34. Sensory characteristics of m. longissimus as affected by organic selenium sup-—

plementation
C T1 T2 T3
Juiciness” 5.17+0.15 5.18+0.14 5.40+0.20 4.9620.19
Tenderness” 475™+0.16 5.30°£0.15 5.2840.22 4.40°+0.33
Flavor” 4.91°+0.05 5.02"+0.17 54840.10 4.96"+0.22

Treatments are the same as described in Table 32.

> Means having different letters in the same row are significantly different (P<0.05).
b Juiciness : 1=Extremely dry, 6=Extremely juicy.

Y Tenderness : 1=Extremely tough, 6=Extremely tender.

¥ Flavor : 1=Extremely bland, 6=Extremely intense.

1A e wol7ItE gElste] HlSAIl A 39 eS| Bed 5EAES £

A= Table 348k 2tk OFAS A2k Fo4Q Ho]g HolA ekgrort,
= T179 T277F 247 530, 528" 0.2 4] T3TFHT} fo)2 o=z =gkt} oy st

L o

e o
ki

ANe FrIAHEe] Fol7|R SR e ko] 2 Ao v|lg Ao et
Hol A=d oy AW AMEY w3k B Aol AA x4 ApololA dojyr R
(Nishimura &, 1999), i7]W ZAA] 24 F7F Aoz Foj5i A3 A&oA A
ol &8 28 (Miller, 1994)3% HAA S A=ste] thgdo] =& =745 wetal sk
th E=S o A= T297F e A gz Blste] fFojHoR e ARE
HA=H(P<0.05), ol& T277F A 7brp vhar A skako]l vh& A5 vt
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Table 35. Mean and standard deviation for inorganic levels in m. longissimus as a

function of organic selenium supplementation (Unit : ppm)
C T1 T2 T3

Ca 4891+0.64 47.15+0.73 46.99+1.50 53.98+1.84

P 1,532.00+£51.90 1,486.78+22.64 1,529.38+43.45  1,486.50+35.41

K 2,499.30+97.55 2,643.46+69.20 25221145373  2,356.52+63.59

Na 412.80+19.44 404.51+13.06 417.6349.38 384.63+19.82

Mg 188.26+7.54 187.62+3.11 189.47+4.98 186.99+4.62

Fe 20.62+1.04 18.04+0.97 18.77+1.32 19.21+1.21

Mn 0.00£0.00 0.00+0.00 0.00+0.00 0.00+0.00

Zn 31.55%1.16 27.25+0.17 31.38+0.71 30.97+0.93

Cu 0.10+0.02 0.19+0.07 0.07+0.02 0.04+0.02
Treatments are the same as described in Table 32.

F71AdEY] 571 EElste] HSAIZ AA S s FUlE FES 1
A5 Aul= Table 359 Zth Ca, P, K, Na, Mg, Fe, Mn, Zn ¥ Cu =% #g 7+
FAHQ FolE wolx 2o} f/1AdE Foldl @ THY F/IBY 2Pwse
9t AoE WHHth TEcke] AF Avte] mEw AR AdFe] Aol e
Aol =5 Ay FAF] /AT stH o (Lee &, 2004), ot FUE T
o & JgS v A ¢ Aoz el (Park 5, 2005), 77 A#we Fov v
BAE gl 9% A 21 AdE FFES S0l f/1AdEDE 2]
AYake]l 7hsAde] BaiEal Q).

Table 36. Objective meat color (Hunter) in m. longissimus as a function of organic

selenium supplementation

C T1 T2 T3
L 31.30+0.47 30.24+1.20 32.17+0.69 31.87+0.70
a 17.46+0.20 16.99+1.02 17.47+0.40 17.26+0.58
b’ 6.58+0.09 6.61+0.52 6.58+0.24 6.45+0.34

Treatments are the same as described in Table 32.
L’ : lightness, a" : redness, b" : yellowness.
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1A e 9971k dElst nSAIZ AA 9 AES A4S 2A% A
¥} Table 367 #t}h Hunter W =(L)+ & 31.30, 270€, 3704, 47
ZﬂP 302, 322, 31.92 A3 FAQl Aols Holx] gkt A A n( *)9} 3
bl E W)}t pFRA AR Fo]AQl AolE wolx| ¢kgkr) # A =
0% Ao S AnE A3t Aolvt fldey, #7
1215 &l dsir= Ho EAs8 o] F FAzke] Ast o

o)
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Table 37. Effects of Se-SMC feeding period on the LCFA profiles of longissimus

muscle

LCFAs Control T1 T2 T3
C14:0 3.16+0.19 3.01+0.26 2.85+0.24 2.93+0.19
C16:0 26.78+0.47 26.40+0.89 25.46+0.89 26.76+0.67
C16:1n7 5.47+0.30 5.12+0.66 5.32+0.36 5.26+0.32
C180 10.99+0.40 10.50+0.86 10.45+0.32 10.35+0.45
C18:1n9 49.91+0.63 50.98+1.20 52.00+1.24 50.81+0.58
C181n7 0.64+0.06 0.77"+0.07 0.84°+0.08 0.53°+0.11
C18:2n6 1.87+0.16 1.91+0.23 1.85+0.13 1.95+0.27
C18:3n6 0.15™+0.01 0.13"+0.02 0.15"+0.02 0.18"+ 0.01
C18:3n3 0.15+0.01 0.18+0.01 0.15+0.01 0.15+ 0.01
C20:1n9 0.46+0.02 0.47+0.03 0.53+0.02 053+ 0.07
C20:2n6 0.09°+0.01 0.147+0.02 0.12°+0.02 0.09"+ 0.02
C20:3n6 0.11%°+0.01 0.11%°+0.01 0.09°+0.01 0.14%+ 0.01
C20:4n6 0.20"+0.02 0.20"+0.02 0.16"+0.01 0.27°+ 0.07
C20:5n3 0.00°+0.00 0.01°+0.01 0.00°+0.00 0.00°+ 0.00
C22:4n6 0.03+0.01 0.06+0.01 0.04+0.02 0.03+ 0.02
SFA 40.93+0.67 39.91+1.40 38.76+1.05 40.05+0.83
USFA 59.08+0.67 60.09+1.40 61.24+1.05 59.95+0.83
mono 56.48+0.60 57.34+1.18 53.68+1.06 57.14+0.79
poly 2.59+0.19 2.75+0.26 256+0.13 2.82+0.34
n3 0.15"+0.01 0.20°+0.01 0.15"+0.01 0.15°+0.01
n6 2.44+0.18 2.55+0.26 2.40+0.13 2.67+0.33
n6/n3 16.14+0.80 13.11°+1.61 16.19+1.52 17.65*+1.83
MUFA/SFA 1.39+ 0.04 1.45+0.08 1.52+0.07 1.43+0.05
PUFA/SFA 0.06+ 0.01 0.07+0.01 0.07+0.01 0.07+0.01

*: Means having different letters in the same row are significantly different (P<0.05).
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Table 38. Effects of Se-SMC feeding period on carcass quality grade
Quality Grade

Items T 1 5 3 Frequency
Control 13.33(2) 73.33(11) 6.67(1) 6.67(1) 15
T1(2 mon.) 80.00(4) 0.00(0) 20.00(1) 0.00(0)

T2(4 mon.) 80.00(4) 20.00(1) 0.00(0) 0.00(0)
T3(6 mon.) 20.00(1) 60.00(3) 20.00(1) 0.00(0)
Total(T1,T2,T3) 60.00(9) 26.67(4) 13.33(2) 0.00(0) 15
Frequency 11 15 3 1 30

Table 382 F71 2w 723 WA #AjAgo] 7|t SASHE 2d&S v
A 1= q&2 dxz77F 13%, 2719 FoH(TD T 470
80%, 6709 Fo (T3 20% = o Hlate] A] & o A

Eﬂxﬂﬁgi e %f?ﬂ_%% oy 15F o= AldT9 xR+ &3] 86.66%
2 zol7b glglom, FholAA] (W) EA A BN value=14.167, P<0.1167) Hgo] w&
e gl Ao vEw

A
F1AGEAs WA A Fe 70l SEeFE Fd&S vwd A3 Table
39914 Hi= ulel o] & AvH FIEES HETIF 6.7%, AT EF 20.0%=
AT 2Tl Hlete] B PLS WHTHW value = 21951, P<0.9009). uwel
A SF S oM E f71AdE FoT 7 dEzTel vlEte] ASH EdE&A
13%HE =2 3oz A Hloy T3¢ A4 Foxe= H}\}J\q(‘-? value =

1.1667, P<0.5580).
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Table 39. Effects of Se-SMC feeding period on carcass yield grade

Yield grade

Items N 5 C Frequency
Control 6.67(1) 86.67(13) 6.67(1) 15
T1(2 mon.) 20.00(1) 80.00(4) 0.00(0) 5
T2(4 mon.) 20.00(1) 60.00(3) 20.00(1) 5
T3(6 mon.) 20.00(1) 80.00(4) 0.00(0) 5
Total(T1,T2,T3) 20.00(3) 73.30(11) 6.67(1) 15
Frequency 4 24 2 30

B Ao A" Ay & EAFTEHS 370 kgol A 395 keHE oot AT
A<l ztol & HolA okt TANE FA= AT oA Aol flol
U, ol 1113 mm, F71 A E 728k #AuA] 271 S99 1020 m, 470E 5o
2 mn, 671€E 5T 100 m2 F717te] F7HE4E SALS FAE i Has)
T A4S BAT wHGT dHA2 At F9A AolE HolA Fton o
Moz wAlFol & A7t W Aot FFAFE dEFE 70188 7+
E9 1 AT 67.9~685HAE HA o oAl Aol= Holx| & SktHP>0.05).
S Fr1AdFAs HAHENA 2D Tt 547 M w2 g Bela, e
2 4204 479 ol AUk ol#f e A Lawler 5(2004)] <5+ Aol
S FARska o A e iR A o g2 280|UQl AoE YEEoH AskEE EE
Aol A 2002 Fo] <l olE HolA eF*dtHP>0.05).
AR EE Friddads HAAmMA 2dEo T 5828 TP =%k, 47

d T 97F 575, tHET 453, 670d w7 44005 FALE LT
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Table 40. Effects of Se-SMC feeding period on carcass characteristics in Hanwoo

steers
Items Control Tl 2 mon.) T2 (4 mon.) T3 (6 mon.)
Carcass wt.(kg) 389.13 395.80 370.20 395.80
£ 1411 + 1546 + 6.84 + 16.09
Backfat thickness (mm) 11.13 10.20 10.20 10.00
£ 082 + 201 + 124 £ 0.71
Ribeye area (cm?) 33.67 89.00 80.60 85.40
+ 361 * 219 + 1.78 + 2.38
yield grade index 70.18 68.50 67.96 68.42
£ 1.98 + 0.89 + 0.58 £ 040
Meat color score 4.73 5.40 4.60 4.20
£ 012 + 0.24 + 0.24 + 0.20
Fat color score 2.80 2.60 2.80 2.80
£ 011 + 0.24 + 0.20 £ 0.20
Maturity index 2.00 2.00 2.00 2.00
£ 0.00 £+ 0.00 + 0.00 £ 0.00
Marbling score 453 5.80 5.75 4.40
£ 0.38 + 0.73 + 0.63 £ 0.68
Texture 1.20°° 1.60° 1.00° 1.20°°
£ 0.11 + 0.24 + 0.00 £ 0.20

b Means having different letters in the same row are significantly different (P<0.05).

O"”(CIE L', a’, b) % chroma(X%=, M%) hue(MZ, MA) L AMIFUE)ZY =4
S TE F UAA A HEF AFEAs 1TANA oF 19 BAd F QLS
S Afske] 303 AR & ARY ks FAsATh 54 A= Table 41
oA Hiz wiel go] WE(L)E thERT* 374690 Wt f71AdE A3 HuiA 270
4 HATE AYstas Al?}fﬁﬂ O 22 38 2k AAE@E)e) A% bh)e

chroma Zt< thxFol H8t A +7F thi

IS
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Table 41. Effects of Se-SMC feeding period on meat color and stability
Items Control T1 (2 mon.) T2 (4 mon.) T3 (6 mon.)
No. of Animals 15 5 5 5
CIE L~ 37.46 36.22 38.45 38.11
+ 053 + 1.39 + 0.78 £ 0.79
a’ 22.26 21.86 2212 21.84
£ 0.24 + 1.02 + 043 + 0.63
b 10.34 10.54 10.21 10.02
£ 0.14 + 0.77 + 0.35 £ 050
Chroma 24.55 24.27 24.36 24.03
£ 0.26 + 125 + 052 £ 0.78
Hue 59.26 58.96 60.10 60.23
£ 048 + 0.37 + 061 £ 040
AJE 4481 4361 4553 45.06
+ 045 + 1.83 + 0.79 £ 1.05
L" lightness; a”: redness; b": yellowness.
Table 42+ F71 4w A FAujA]mo] FFof dj=7-7ke] S 84eh2 =4S
Hl 33 A3 2 myoglobin® &S 19k ATl 27 6.39%, 14.18% = th%
T7F Aol Hlsle] e AFE KM on Oxy-myoglobin®] 3tk Wiz )z
T 89.07%, A& T 8347% = A7 RO Hlste] vre A3E B¢ TtHP<0.05).
Table 42. Effects of Se-SMC feeding on meat pigment
Control Se-SMC
6.39°+1.27 14.18+3.01
89.07°+3.06 83.47"+5.36
2.35"+351

Myoglobin
Oxy-myoglobin
Met-myoglobin

o

A= A7 dxTol Hete] Metstzh A AA7]=
B2 PGrratr] JeldE AEE Metst A7 & =A

4.56"+3.10
*: Means having different letters in the same row are significantly different (P<0.05)
Z7F 456%0l9 L AT 235% % =7t

I3 Met-myoglobin &2

=& A3Z Bk o)A

o7 eyt B Jsks 4
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af B deAdol tiFHe =5 F 4TdA 149 2 2147 543 A5 20TeA
b4 x4 & HluskAtH(Table 43).

Table 432 Adyw o W2 SA4L g8 A4S vlawst 232 myoglobin
SheFe A 149} 219 Al Al fFre] Al Apol & HolA] 2gkoy Oxy-myoglobin
< A 149Aket 2142 B {71 AdE A WA AeA Jo o tixTtek 1Y

| & AxE wrt. Met-myoglobin gt &l
w7 (Se-yeast) ¢t F71Ad w4
ATHP<0.05). olefd A= f7] 42

&7t T Lyk Hazel Hsto]

A Y F (sodium selenite) F ]+l
AolM = iz Fr1ad s 71
H 2] (Se-SMC) = o ol H|ste =& Ais
das LolA G 45

: <
= U
AEAS wok od) §AF 5 gloeln Ad,

HI

Table 43. Effects of Se-SMC feeding on meat pigment

Control Sodium selenite Se-yeast Se-SMC

~ Myoglobin 11.69+5.71 8.33+2.92 10.66+4.07 8.68+2.20
;:y Oxy-myoglobin  26.04°+7.06 2446414 2852"+467  3378'+7.32
Met-myoglobin ~ 62.26™+5.29 67.20°+5.03 60.78°565  57.53°+7.32

~ Myoglobin 11.6045.75 12.48+3.85 12.09+3.95 12.41+2.59
j;y Oxy-myoglobin  12.65°+1.45 14.21°+357 18.98°+4.02 18.72°+1.711

Met-myoglobin  75.72°+4.85 73.28+5.71 68.94"+3.22 63.86"+1.90

* The results were obtained from 48 h oxidation at 20°C after storage at 4C for 14 or
21 day; ** : Means having different letters in the same row are significantly different
(P<0.05).
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Fig. 12. Changes in absorbance value of Met-myoglobin at wavelength(nm)

Fig. 133} Table 44= WZT9F A8 9 Met-myoglobin substrateE W nl3}7] ¢
3t &34 % =A7](spectrophotometer, DU-650, Beckman)oll 4] 30Tl A 1587+ wr
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Fig. 13. Changes in absorbance value of Met-myoglobin substrate

Table 44. Met-myoglobin substrate

Control Se-yeast Se-SMC
Oxy_myoglobi
Y IyosTobin 93.81°+0.97 217268 41.82°+1.80
production
Met-myoglobin Activit
cLIyostobin ACHVIY 118107 30,8x10° 21.4Px10°

(Unitx10%/g min)™
*Oxy-myoglobin production = [absorbance+(12x10%)]x10°
“Met-myoglobin  Activity= [(Oxy-myoglobin productionX103+reaction time) xdilution

factor]+sample weight
b Means having different letters in the same row are significantly different (P<0.05).
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A7 A S ANE AN A s epdeEAse] A
1

7k WA ) A o] FH]
2 AF AREE HAWA(SMO) = HAZ (oA A Azl sdg MAlETt
T XS AAse] A7 AduAdst @ diHAS Aeist & 727 g2 558 YAk
Ak A gt A A A el 2 ppme] AHlES Fiote F1AdUHE
selenite) S H EF3}o] A5G L, ¥ AL sodium selenite B & {lo] 7]E£9] W
o o sAsHA AWy AALkskA T MA A 7S oF 6097 ALEALL, 1 F
SMCe AdAtze Y82 #8317 98t S5 dCddaAl, d=)o= FE539

t}. zt SMCY 3487 %4 Table 450 e QAT

Al
=

Table 45. Chemical composition of two different sources of spent mushroom com-
posts (SMC)

Item DMD, g CPZ), g CFS), g EE4), g CAS), g NFEG), g Se, mg
....................................... as—fed Dasis/Kg <« -wrwrerremrreeeeeens

Se-SMC 4929 42.4 133.3 17.7 34.1 26.54 2.48

SMC 490.1 41.6 145.2 16.5 34.7 25.21 0.08

1)Dlry matter; Crude protein; YCrude fiber; “Ether extract; “Crude ash; 6)Nitrogen*free

extract.

AAS-= 44852 72 54 FA9E wjA At SMCH=5(CON; 0.1 ppm
Se), Se-SMC, Se-yeast % sodium selenite?] HZF= FEIUL, Se-SMC,
Se-yeast ¥ sodium selenite®] Alsd] A EFEs 09 ppmol At Ao ARgH
H| 535 o]t A Fo] 7hestd vlszgh 537 AAMge 207 (H AF= 536
kg, Bt o= 20702 ®)E Awd 574 42 wj A3

QYA AR L 3484 24 Table 4690 Lheul At
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Table 46. Ingredient and composition of experimental diets

Item Treatments .
CON Se-SMC Se-yeast Selenite
Ingredient (as-fed basis)
Se-SMC', % - 24.60 - -
SMC', % 24.60 - 24.60 24.60
Corn grain, % 55.54 55.54 55.54 55.54
Barley grain, % 5.40 5.40 5.40 5.40
Corn gluten meal, % 1.89 1.89 1.89 1.89
Tall fescue straw, % 4.74 474 474 4714
Barley bran, % 1.89 1.89 1.89 1.89
Molasses, sugarcane 5.85 5.85 5.85 5.85
Sodium selenite’, mg/kg - - - 1.40
Se-yeast’, mg/kg - - 632.38 -
Vitamin/mineral mix”, % 0.09 0.09 0.09 0.09
Chemical composition (dry matter basis)
Dry matter, % 75.85 76.23 75.95 76.08
Crude protein, % 11.26 11.54 11.67 11.33
Crude fiber, % 12.92 12.96 12.93 12.97
Ether extract, % 3.73 3.65 3.74 3.74
Crude ash, % 2.80 2.70 2.79 2.86
Nitrogen—free extract, % 69.29 69.15 68.87 69.10
Calcium, % 0.49 0.43 0.46 0.46
Phosphorus, % 0.18 0.19 0.18 0.19
Selenium (mg/kg) 0.082 0.908 0.898 0.914
TDN’, % 74.44 74.33 74.35 74.37

DSMC  denotes spent mushroom composts; Ysodium  selenite was purchased from Sigma
Chemicals; 3)Sejf(east source (Sel-Plex) was purchased from the Alltech Korea; Yeonsisted
of Ca 15%, P 6.8%, Mg 7.0%, Na 7.8%, Zn 5000 mg/kg, Mn 4,000 mg/kg, Cu 500 mg/kg, I
300 mg/kg, Co 20 mg/kg, Se 0 mg/kg, vitamin A 400,000 IU/kg, vitamin D3 75,000 IU/kg,
and vitamin E 500 mg/kg; YTDN value was calculated according to the regression equation
described by Wardeh (1981).

AdANFEE Ao AHETrcs 37 93t SMCe Se-SMC % sodium se-

lenite ¥ Se-yeastZ AFg&3le] w3t th. Sodium selenite 2] 7+ AFEW 0.9 ppm
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o] A geo] e S sodium selenites T Hol o tEZFAFE(CON)N vl &3t
Atk 18]l Se-yeastH 2= @Al AlBF<Q Se-yeast(Sel-Plex, Alltech Korea)&
TYste] ArEY AUEE=7F 09 ppmo]l HEE HETFALR(CON)O H7batdeh A
At A e S Table 46004 K= npel o] 7tk w9 W elolel AU
o aEa 29w ECP) 2 7MAS Y FATFH(TDN) O e AFALE A dhehd

o7 Ztzh oF 11% 2 oF 74% & A gt 7kol FAFe A tH(Table 46). whakr Al = A
277 oA & dAadEo] HdatAdrt AR JFAiadFS ALY FE 3
H(FHEHE} Z27EA T4, 2002)F v o R AASA . B3 HAHMA = FE

gl momz AEst WAHA FES 8] Aste] 27U F/1w ARE A% v
Fatarh. AgARE B4 G457 sl BB 7971744 07 x 15 m
Fol A4S nadAd g - EAE Art ATE A45Ee

==

e AU F oubE 16573 A% Hth AUARE 0] 28 (7003 19:00) Tl 3}
o A% ANAL, BE AT Fo7E Ba AfRel S4MEES ot 2o
AEHA ¢e AEe] AUFQ ng/mL o3hol FHHAUAL. VY ABHAFE ol
Fab AP Aol o8 ASsm, Ay R A A0 FAFS BE0) A5
pE AEEY AN % FRATS S4aAd. 49

=
longissimus thoracis, T A (m. triceps surae) % 7+ZZ ] A
(A s@FH4, =)ol A =533

= S AL, ol= AOAC1995)E ol wet <

gt GANEE BF AAFEEE L AP GSH-PxBHL S43]
sl AlEFo] T 2 4, 8 16540 AAMNE E3lo] 10-mL heparinized tube
(Becton-Dickinson, Inc., NJ, USA)S o|&3ste] dAS AFsAT. A A s
e AR A Rs 75T 9% ¥, sddzslth. @3 GSH-Px&4 54
2 9% FAARE AR S G2 BAGI] Aete] AARAWZ00 * g, 158D

E?‘,—% /\1-645‘:'01]}\1 0401
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A2
&

A " e HASHA ZE gAAM FAAXEAA, o5 ARE
A 42 EX]ZX]—Q T AYedgs B4 9
< AEGRkE, 9 3 x=74)= Stijve
A7 %, AOACHH(1995)0] e}
3} A (H202)2F  cumene
o7 BAE

LoEEE B2
2

’

z+ 1 kngl.:_iﬂ
AAEA —75CoA A BAsHSi Tt
stol IeA WAL AA st
(1977)2] oxygen flask combustion method
T Adudgs SR €3u GSH-Px
hydroperoxideE 7|2 & ©]&3}9] Lawrence®} Burk(1976)2] o]
A TH
2t EAEA
BE WHEo BAEAL SAS program(Version 8.1; SAS Inst. Inc., Cary, NC
2000)¢] GLM(general linear model)S ©]-&3te] A&ttt A& FA3H34-S
Duncan tFAA S o] &3te] Pak 0.057 oAl Bl a3 th(Steelt Torrie, 1930)
2.4 A%
7hAMRAHE 2 SA
Aatgo] Se-SMC % A#ad Y(selenite & Se-yeast)e] HEL A3 7|75t
AEGHA DA TS vAA FATH(Table 47). . A= 4G D v &4 AR
ol +71(0.37 26 ppm) ¥ F71 A F(0.37 26 ppm)e] FAZR ALEAFH Fell o]
A= Rock 5(2001)3 Gunter(2003)e] ZA3kel A Attt & A olA o] &¥ At
S A FTT0.9 ppm)> NRC(1996)°] eI = & A’é‘, e 2y 2 EE5E
g s AYwETETAE HolA Fskth sAALRS] Af, AudlETEel 5~ 20
ppm & W FTESAE ey dESAE 2 AFRAdH ] Aot Bag bt
© W (Kim¥} Mahan, 2001), 2ol ot Alsd Adys ST Aa7-A &
o] A &t} Hintze 5(2002)2 BlF7Al5-ol4 10 ppm o] 3¢ AelgS ¥
ALEZE AAS-Y ARAR A S vAA s BRE oy, g =
UEtuA gethar Basilvh weks B Ao Aol dewas
AAGe AGA SHolA Zod vluA hd ek it
olgd, AAME¢Y F FALFH dFFAGFS AP E g
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Hol2 98te] &S WA ZtH(Table 47). F2L2 ATolo AYFHss 93 =
A AgEde] 2 FEAY AdmAPdyed st Az AdEsadd 2 FEe
g7 24 v Y olE AT T, Lawler 5(2004)2 H]#ﬂﬁ]—roﬂ A 038 2 28
ppm®] A#H S Tt i
we ol&ste FoIstis =
Ta8 2 AEHAALFOMD 9GS wAA giEvha iLo}OﬂE} T8, Hintze %
(2002) T FrAdFEAZd 2We st AlRY AdFSTol 062 2
119 ppme] H =% wigstds o, 10543 v 53 AMS JAAEHAAY, 425
AN, TEAZF) N Zol7t Yt Bausdch ol A= Ay gy o
X009 ppm)e] HFF7] AMF-o A ojwg JIF= YERA G e A
o} A A3kt

Ou.,

Table 47. Effects of different selenium sources on dry matter intake and body

weight gain in finishing Hanwoo steers

. Treatments D
Periods - SEM P value
CON Se-SMC Se-yeast Selenite

1to 30 9.35 9.35 9.39 9.34 1.2189 0.9998
31 to 60 9.52 10.11 9.06 9.62 1.0584 0.2905
61 to 90 9.22 9.49 9.70 9.76 1.4991 0.8856
91 to 120 9.77 9.28 9.99 9.63 1.1278 0.6350
Overall 9.46 9.56 9.54 9.59 1.2079 0.9800
............... Body weight gains ««+e««eeeee
Initial BW 531.00 528.00 540.00 545.00 22.0227  0.8542
Final BW 630.00 626.50 638.00 640.75 39.3276  0.9794
Total gain, kg 99.00 98.50 98.00 95.75 21.8725  0.9987
ADG?, g 825.00 820.83 816.67 719792 182.2721  0.9987

YStandard error of the mean; 2)average daily gain.

U 335 Adess 2 GSH-PxEA

AME-e] dF ddgsEs AFG7IMESE ARW A2 g8 Aduaade] |5
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2 Agatgtel] Fogk AolE WERW AL, Fr]A#EES] sodium seleniteA 2] T U
Zel Hgte] Folgk ztolE& yEWAl Zdth(Table 48). Ag]+3 dF Adlwsk
© Se-SMC % Se-yeast A&7} &3] dlxF-o v]ste] FolatA =& 7S UER
Aok AgA e+ FolA Se-SMC2F Se-yeastd ]2 sodium selenites H.t} 2] 3}
A =gt 1x9 F7AYES 73 Se-yeastg oS 4F9F 16504 Se-
SMCHT 8% A HesErt fFolatA EdAN 859 1257 = + A 77tel f9
gk zbol7F yEbUA] eFgkrh ob& ey F 7] A HE S sodium selenitew o A 7] 7F
o] A &uoj: ol Hdte] ta dF AYwsRrt SUteke 4Fe o 8
FE AL BE ABAHATITAA N2t Fo 7 2ol 7F YERA] ok

g, Aege] Holzigte] A&l whel, Se-yeast B Se-SMC A #lite] Ay
= A3 ZF7FsFg o, Se-SMCT S Se-yeast ButE @ Z743kth Ortman
3} Pehrson®] A7-(1999)¢1 A, 71 A#d w5 P24 FE selenomethionines 773 3h+=
A Y F AT sodium selenite ¥ sodium selenate®] F7|delwrtt 5 AdFsr=
7b 2R =S s dEdta Baudte] 2 AR dAGAT. oY Lee T
(2005)2 ¥ AFelA AbEE AdEAdsti Aol Se-SMCU EAlste= Adelwe] #Al
Akl oJa] FrlAdulE o R HEkEol I nl&o] of 70%% Ao HriEE Zow

Bastdtt. ®3 Stefanka 5 (20012 HAIAW H7FeE Fr1d wol WA $-
ZFAMAN f71 A el o Ak dAHANES AWedlal, oleW T8 Adwd
B F2 selenocystineolgtil B ietdth webA], B AT e Aas

Se-SMCHl EAjst= Ad#lwel F7IGeolA 7193 45 Adws=rt 748 Ao
= g,
ojet= WHlE B Ao A UERY sodium selenited 2 te] dF v AdEwk
= AAS7F AF3 9] sodium selenite’} o 2 v 17]
ST HEsEAA, AIRW FUIH R AYH AuwES
FHd S 2 =AW AdwsAel oA Bu aapAl
Ryssen &, 1989). o] 9] AFAI}=
selenide® FAH, 1 & FEoz wujx
1963; Wright2} Bell, 1966).
AT AARTI(AYE 25)d A dalwadel €5 GSH-Px24d& #oldtA &
RN RAARE, AE73o] A& wet Fr] s A 9] sodium selenite™ ™A

W Feog zelzh vEbA] ek kth(Table 49). 1813 f7]A#HH A 22l Se-SMC
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9 Se-yeast®] wolw dlxzwrHtt Ay geolEd GSH-Px&ZAol fstA F7138k3
AL, ol5 Frell= folgh Aolzk vEbubA gkth shAIRt, F GSH-Px#A 2 Se-
yeast®] g]io] ALYE7](165F)0] Se-SMCH T 59 3HA 713t

HAdbd o2 GSH-Pxo AAA sjeHe Atz Adwe eyt 7199
AEgog ol Fstda, o= U GSH-PxZA ol Alazd Auwe 3sh4
o3& -y = Ao2 YEFYTE Sodium selenitex] 2]t e] GSH-Px&4d -2 w9l 2
= CONA g ol Hste] frostAl F7tst o, ALY 45 o] Fdl= o5 F A
ol frelidel vEbuAl ekt

Aelgt oz Awwe 71e4d FE GSH-Px:= QA 2 5229 AYudus
A7t HA 7oz At®E vk tk(Stevens &, 1985 Smith &, 1983).
Gunter 5(2003)2> A#FE73tar 9 sodium selenited ol Sa7t AdlwFa
o] ARt ¥ %S GSH-PxZA4S veliitar Basiit. ®3, Hintze &
(2002)2 M2 & Al (delsss R US54 9)S 7HAE vlsAASoAA
71989 14E Adudzx 2 AWMS st 119 2 062 ppme AHFAISEE
wolstla, ol A7Aks AMSHEl A H daglo]l AMEAE A TIRbseE w71 AEEA
S5 AHT AMSA GSH-PxZA ol S71es graugith. mebA 2 oj?oﬂ 1/‘r
Bl Se-SMC % Se-yeastel] 23k GSH-Px&A 9
BH3lE Se-SMC 2 Se-yeastE® Folste] =
AZF = Aew AlRHH

x5 % sodium selenite?t 9% AFo]7 YEUA] @2 AL REFEEFENA so-
dium selenite®] F#Wl F57F st 5 Adlms=rb WA detd 23 Ao
AtRE Y 2 A3 5 sodium selenitee 1Ao7 AW AdE
2 S7MNIE AEe AdARE U GSH-Px(P GPx-3)dl& J&e v x# &=
3 B33k Enjalbert 5 (1999)2 Rowntree & (2004)2] A2k A ) shA| g,
g4 GSH-Px= AW Aelgdele] @714 AAl=Zdola, GSH-Px#A4 ¢ 98%7}
e o ﬁaﬂﬂ Att= AFA(Scholz$t Hutchinson, 1979)& 7Hebsithd, A& U
GSH-Px&A el #3 o B2 A7 Hagh Zoz Algdr

1_‘
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Table 48. Effects of different selenium sources on blood Se concentrations in fin—

ishing Hanwoo steers

Treatments

Weeks - SEM” P value
CON Se-SMC Se-yeast Selenite
..................... Blood 562)’ NE/ML +eeeeeeeennnnnenn
2 83.92° 104.64° 103.14° 88.24° 7.8197  0.0257
84.78° 126.01° 156.78" 95.30° 79024 <0.0001
3 92.20° 153.03" 170.83" 111.87° 9.5671 <0.0001
16 93.76° 134.10° 188.78° 102.83¢ 9.2275 <0.0001

YStandard error of the mean, “blood selenium was calculated as fresh basis assuming
approx. 18% dry matter in whole blood after Se analysis on a freeze-dried whole blood

basis, abedifferent superscripts within the same row are significantly different (P<0.05).

Table 49. Effects of different selenium sources on plasma GSH-Px activity in

finishing Hanwoo steers

Treatments D
Weeks SEM"~ P value
CON Se-SMC Se-yeast Selenite
""" Se-dependent GSH-Px activity, mUnit? -

2 10.5305" 19.83207 16.44457 17.4140% 1.3934  0.0107
13.0850" 20.8065 21.1549° 17.2575™ 24878  0.0174

8 18.1806" 33.0564" 38.8264" 19.9652° 55215  0.0159

16 16.6622" 37.5523" 45.4582" 21.1415" 4.1321  0.0020

............... Total GSH-Px activity, Unit®? ceeeeeeeeeeees

2 0.2919" 0.5636" 0.3650" 0.2758”  0.0929  0.0261

0.2908" 0.4901" 0.5693" 04047 0.1083  0.0637
8 0.2586° 0.5753" 0.6215" 0.3616"  0.0435 <0.0001
16 0.2260° 0.5528" 0.7197* 0.2504°  0.0750 <0.0001

Pone milliunit (mUnit) of activity equals 1nmol NADPH

UStandard error of the mean,
oxidized per minute/per milliliter of blood plasma, Yone unit of activity equals lpmol
NADPH oxidized per minute/per milliliter of blood plasma, *™“different superscripts within

the same row are significantly different (P<0.05).
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Fr71 A 9] Se-SMC % Se-yeast®] dFojol wel Fx]oF 1] A a3
gz 2 sodium selenitexol] H|&}e] o] stAl 7kt A vHP<0.05). 18] 3L, sodium
selenitex] 2]t Zatoll HEte] ol gk Apo]lE e A % SktH(Table 50). $7] ¢f
Y AU EEHFS Se-yeastw ol Al 7 =ka, thgo] Se-SMC, SENI ¥ tjz+
ol ATHP<0.05). AT, SAW AulEdtde Aol Folg o7t yEhA
gt B AF4ddes =AU Agus4o] Se-SMC % Se-yeasto] 7] 4 d w2
Aol o3 Frtetddtt AW AewsEe Alss AdusE 2 34 ol
wgl 2A AT (Kim¥ Mahan, 2001; Hintze %, 2002). o]&= 7| A# o] 71 Ad &
By =AY B ggFow ZHEHE Aow 4#A ¢dvi(van Ryssen %, 1989;
Lawler ‘&, 2004). SAW A#gddke] Agaitel Zpol7F UetuhA] & A2 Ay
How AYwe dids Agste] FAH=H, AW =& FEo SWAge] =
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HE= 285y AdEsEr AR Se-SMC % Se-yeast”] ¢l A gshakol] o9& &7}
shlth WS Ay A ddaAdsar @ o4y dda=A l%ﬂ o A X}ﬁg}% ZA}

7 =

1 KW 189 vH(van Ryssen %5, 1989; K1m3ﬂr Mahan, 2001; Lawler %, 2004). B oA
£H Se-SMCe AdgxAdL FHshA LAAw oA Ri(Lee 5, 2005)°

A Se-SMCHl =2 M9 F7]ddg HS7ATY 242U Ades4S

A MY Uee AWE £ Atk W, g AdESE EE FASE 4
@ Fae et oleld Y4 Combs} Combs(1986)e ol wagl wp gl
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t o5 A fASHAT. el Ave gy AdEEEst gz
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Hol| A 7hetstti 7k o] 5¥ T ofyEl HRiA] fFd a3t S o= A}
g3 A vk 1A FS sodium selenitex: B 3ol HFo93 FHX(0.9 mg/kg
Se)dl M= 5 9 =AU A Fost 295 el A &k

Table 50. Effects of different selenium sources on tissue Se contents in finishing

Hanwoo steers

Treatments

Items SEM" P value
CON Se-SMC Se-yeast Selenite
............... TiSSUG Se, ﬂg/g Of dry Wt
Loin? 0.4712 0.4485 0.4655 0.4555 0.0662  0.9847
Hind leg” 0.4505° 0.7065" 1.1061° 05720  0.0737  0.0034
Liver” 1.0990° 2.3165™ 3.3613" 1.8009™ 03907 0.0184

UStandard error of the mean, Yvalues are the mean of 5 Hanwoo steers per treatment and
expressed on a dry-tissue basis, *"different superscripts within the same row are
significantly different (P<0.05).
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7h FAE

EAFo| Algd AYFEFIE sodium selenite, Se-yeast, 7] el 5F43HAS A
cbetar #H 7)1 E = Adelao] v drEo] e HwiA(Se-SMC; spent composts of
Se-enriched mushrooms)Z 283}t
SAFS AT G 5FAuA sl dA 30FE AR

SRR E

AFA el FRE APFE YEFARTRG] £2AA Zotael AR T v
AR ew

=
dgor, BEE EAE 009 =4 WaAddA 1807 WZtete] mAl AN s}
5Coletz Astel the FAREFRAANIL 2EA SFRAVNECsATRA A
1999-64%, 1999. 9.28)° oA THIAAS 3ttt EHAEE 534 T =5
_"

Fasg APFoR olF - BE%
longissimus)S A F st Fx%

%
EE F 297 YARWULIOF F 55 394 $U5H B4 Agseh

., X2 (Water holding capacity; WHC)&
gk v 520019 HHol wet A, 7FE 3 (Cooking loss)
d A5 FEAE AsEAn pHe =4 pH meter (pH*K21, NWK-Binar GmbH
Co., Germany)® 43ttt 42 255 ddste] ddds 7] Fol 302 ==
A 71 & Chromameter(Minolta Co. CR 300, Japan)® CIE(Commission Internationale
de Leclairage) L", &, b" gt& 9ubg o2 ZAstlon, ojwe] TFAL Y=9240, x
=0.3136, y =0.31969] ¥4 8BS Ab&stlow, Bsidibe 108 #eidA adE
o] 63 o2 FAHSATHALE: 1=vl-¢ A7}, 6=vl-¢ Attt Tv], th54: 1=v5

- 116 -



ymh | 6=uf9- Fo}), Ay SHS AF2E 70CAA 1083 7FEs & ddke
=24 7] (Warner-Bratzler shear meter; G-R Elec. Mfg. Co., USA)® =43}t F7]
= S ICP g BAY T R3S ol&ste] dAawEvt e 4 £
ZTE&d Fo 7t Ao wrE v doly AggA e 7IgAZ vE 7 EFEF
SHS Fepzvte] =9iste] 72F Ao AAEHL AEE A ZEaAS A4

= =2

5

A WAtz Morrison? Smith(1964)°] WS wel AldS 50 gol MeOH
Chloroform = 1 : 282 &%3F &d(folch solvent) 150 ml 7}3+ v Homogenizer
(2,500 rpm)Z2 3&3F vhste] A A& FE3}3 Centrifuge tubeQto]l Whatman No.l
oA 7 o H}EdF o7l E& 1/3HE(F o4 1/3) 7hste] #dS il 3,000
rpmeol Al 10¥7F Centrifuging 3t AspiratorE o] &3le] AA4w ZAM#oz A5l
S vy 3F=(ipid layer) & AFESFAT 52 938 250 me flaskol] 3F&
ojuf FFIAYEF(NaSO)E ©] &3l

|
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off

=712 50TCoA AHS =3 5 o =g o] A (methylation) A i th.

w2 ol e =7 AHWS ZAMH(reaction viaDel ¢F 200 wE FH3I vhE,
0.5N-NaOH(2 g NaOH / 100 m¢ methanoD)§< 1 mlE 7}stel 7248 2 2083t
100Col A 7kdstar Wzhstsich thAl 2 ml BF3-methanol 93l 2033+ 7Fdshsict.
Al Al8EE ¥ 1 nle heptaned 8 mle] NaCl 23}&84S 713k & 18
sha 3047 WA S F AT AS wpo]dAye] Wo] off :xel 7o wEk GC(Gas
Chromatograph) & A ¥4HS &4 8} T},

A7 A WstE 2ARE] fdte] AFHE AE AIRE 4205T] A Fskd
MOESS 7, 149, 21<, 304 Akel AEAH =(TBARS) ek &l d W =(VBN)=
ZAeFA T A WA = (TBARS) &4 2 Tarladgis 5(1960)9] Hr W3k Rhee
(1978)¢] Distillation TBA WH oz EA3Ha, JuAd A7]H
(1975)9] "ol wep S5k
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Table 51. GC conditions for analysis of fatty acids composition

Item Condition
Instrument Varian star 3600, USA
Column Omegawax 205 fused-silica bond capillary column

30 m x 0.32 mm LD. x 0.25 #m film thickness
Initial temp.; 140°C, Final temp.; 230°C,

Injector temp.: 250C

Detector temp.; 260°C, Programming rate : 2°C/min.

Detector Flame Ionization Detector
Carrier gas N,

flow rate 50 mL/min

Split ratio 100:1

)
ol
B
S
1

2 AP A dojxl SHAAEIE 9 S i Aune AW Adw v
7 olE WSl 9GS wx A vlastr s 24 AIAE Ao & F 5
) 9rES dlo] SAS package program(2000, release. 8.1 ver.)®] GLM(general line-
ar model) procedureE ©]-83te] FA AT 2t A+ HEge F94d 24

£ 5%FF) A Duncan’s multiple range test® 393 tH(Steel®} Torrie, 1980).

2. AT A%
Aoy F9e Delate] AR FAT B ML ALK S wad A3
& Table 52914 mivhsh 2h olw) &4 FAAHE A7 F 08 TS o
2 249 Anz #
=

)
AT FAQ Aol molA gk e} FAFoRE
s

AR EGS A A Fel ok vhe A Eel wistel WARML)gel tha
o A%E ngev, FAEMIE AdFELFd Tt T vae e % u
gtk of Ayk Hul T3 ARe FANAE AolE Mol Sirh: oz
ZELES
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Table 52. Effect of different selenium sources on objective meat color

Control Sodium selenite Se-yeast Se-SMC"

CIE L 37.92+1.16 36.86+0.24 36.41+1.26 38.45+0.78
a 21.94+0.28 22.92+0.30 22.15+0.89 22.12+0.43

b’ 9.91+0.11 10.37+0.23 10.09+0.57 10.21+0.35

Hunter L 31.71+1.03 30.77+0.21 30.40+1.10 32.17+0.69
a 17.23+0.16 17.94+0.27 17.24+0.89 17.47+0.40

b’ 6.37£0.13 6.55+0.14 6.36+0.40 6.58+0.24

*> : Means having different letters in the same row are significantly different (P<0.05);

“spent composts of Se-enriched mushrooms.

Table 532 AdFE F99S 28 5499

=<
s vlagt dxteA g Fr1Ad

2]

7] AE59 B4 54

F ATt 2401%% 7P Eoka,
A Ea fr71dds 43t M Aulx] G973 27 20.88% 2 21.90%°] L aL,
T7F 1689% = o] Aoz 7bg ve AnE HAthP<0.05). A3 HEo Ax
ol g5 = A stel oAM= A FE fFo Al AtelE HolA] ko, fr]AdY
w748t MA A Fo 7t 3697 A 7Y B AdE BATHP<0.05). pHE F714
g Jol7 7t 5462® tixT 550, F71 A AE MAFAMA Folgt 550K
ojFow vkokrt B At Fo Al AolE HolA Fdth(P>0.05). dRtx
S uET 622%, F71AEE FolT 56.89%, frlAdHwE HelT
55.46%, 71 A#E s WA A Fol T 54.38% 2 FAAQl Frojake Holx] ekek
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Table 53. Effect of different selenium sources on physicochemical characteristics and

objective meat quality

Sodium

Control selenite Se-yeast Se-SMC”
Cooking loss (%) 168974089  2401°+0.94  20.88°+0.23  21.90"+0.32
Shear force (kg /0.5 inch?) 4.32+0.37 451+0.36 4.38+0.27 3.69+0.23
pH 5.53"+0.02 5.46°+0.01 5.48"+0,01 5507+0.02

Water holding capacity (%)  57.80+1.64 56.89+1.31 55.46+0.85 54.38+0.75

Moisture (%) 62.02+2.25 65.67+1.01 66.90+1.44 64.04+1.28
Fat (%) 16.35+2.75 12.22+0.82 11.69+2.16 16.01£1.89
Ash (%) 0.79+0.03 0.84+0.02 0.83+0.04 0.80+0.03
Protein (%) 19.65+0.89 19.76+0.28 19.85£0.95 19.26+0.36

b . Means having different letters in the same row are significantly different (P<0.05);

“spent composts of Se—enriched mushrooms.
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Table 54. Effect of different selenium sources on sensory properties of longissimus

muscle
Control Sodium selenite Se-yeast Se-SMC”
Juiciness” 5.40+0.21 4.88+0.28 4.88+0.44 5.400.20
Tenderness” 472+0.31 4.48+0.28 4.96+0.39 5.08+0.15
Flavor” 4.88"°+0.08 448°+0.19 5.04"+0.29 5.40°+0.11

b Means having different letters in the same row are significantly different (P<0.05);
“spent composts of Se-enriched mushrooms.

Y Juiciness : 1 = Extremely dry, 6 = Extremely juicy.

? Tenderness : 1 = Extremely tough, 6 = Extremely tender.

¥ Flavor : 1 = Extremely bland, 6 = Extremely intense.
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Table 55014 H.+&= upe} 7ol Ca, P, K, Mg, Mn, ZnS A2 -7k 592 ¢l 2ol S H
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Na& F7)] AdE F977}F 48824 ppme 2 tE A g5 417.63~424.00 ppmol
Hlgto] =%, Fex f718dw Z3HA #AmMA go47FA@7)7F vE A9
2152~24.84 ppm Mt} & 1877 ppm=S HATHP<0.05). Cuol dHF= AlgT7)
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Table 55. Effect of different selenium sources on inorganic ions in longissimus muscle

(unit : ppm)
Control Sodium selenite Se-yeast Se-SMC”
Ca 49.23+1.42 62.87+11.72 49.29+0.87 46.99+1.50
P 1577.37+59.48 1660.99+24.25 1610.64+4495  1529.38+43.45
2537.38+94.84 2663.08+72.42 2661.62£60.27  2522.11+53.73
Na 423.29°+15.92 488.24°+6.86 42400°+19.25  417.63°+9.38
Mg 196.13+8.44 207.35£4.06 203.06+6.23 189.47+4.98
Fe 21.52"+1.68 24.82°+1.31 23.16™+1.67 1877°+1.32
Mn 0.00+0.00 0.00+0.00 0.00+0.00 0.00+0.00
Zn 34.22+1.99 30.78+0.93 35.37+2.57 31.38+0.71
Cu 0.17°+0.02 0.207+0.02 0.14"+0.04 0.07°+0.02

b . Means having different letters in the same row are significantly different (P<0.05);
“spent composts of Se—enriched mushrooms.
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Table 56. Effect of different selenium sources on fatty acid composition ions in long-—

issimus muscle

Control Sodium selenite Se-yeast Se-SMC”
C14:0 2.88+0.26 357+0.35 3.07+0.27 2.75+0.28
C16:0 27.0120.86* 98.29+0.42* 25.4620.65" 24.93+0.91"
C16:1n7 4.81+0.20 5.36+0.66 5.360.20 5.37+0.46
C180 11.94+0.56 11.42+051 10.89+0.52 10.35+0.39
C181n9 49.96+1.07° 47.81+0.43° 50.95+1.09° 52.72+1.30%
C181n7 0.71+0.07 0.60+0.09 0.76+0.08 0.80+0.09
C18:2n6 1.61+0.10° 1.77+0.12"® 2.17+0.16 1.87+0.16™
C18:3n6 0.13+0.02 0.14+0.01 0.19+0.02 0.1520.02
C18:3n3 0.14+0.01" 0.16+0.01™ 0.17+0.01° 0.16+0.01
C20:1n9 0.46+0.03 0.45+0.02 0.53+0.04 0.53+0.03
C20:2n6 0.08+0.01" 0.07+0.00 0.07+0.01" 0.11+0.02*
C20:3n6 0.10£0.01 0.11+0.01 0.12+0.02 0.09+0.01
C20:4n6 0.17+0.02 0.18+0.02 0.21+0.05 0.16+0.02
C22:4n6 0.02+0.02 0.06+0.01 0.05+0.03 0.0420.02
SFA 41.84+1.10™ 43.27+0.65" 39.42+1.18™ 38.02+0.96°
USFA 58.16+1.10™ 56.73+0.65° 60.58+1.18% 61.99+0.96"
mono 55.92+1.10™ 54.24+0.56° 57.60+1.06™ 59.42+0.98"
poly 2.24+0.10 2.50+0.14™ 2.98+0.24 2.56+0.17"
n3 0.14+0.01" 0.16+0.01™ 0.17+0.01° 0.16+0.01"
n6 2.10+0.10 2.34+0.13" 2.81+0.23" 2.40+0.17"
n6/n3 15.49+1.30 14.83+0.18 16.24+0.99 15.62+1.81
MUFA/SFA 1.34+0.06™ 1.25+0.03° 1.47+0.07" 1.57+0.07*
PUFA/SFA 0.05+0.00" 0.06+0.00" 0.08+0.01* 0.07+0.01™

@ Means having different letters in the same row are significantly different (P<0.05); “spent
composts of Se-enriched mushrooms.
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Table 57¢ Al Folde] B2 A254 SHEFE 288 Mud AN %
g AT 2382 74U E o977 40%E MY %A, O o2 AlgT
7} 20% % YEET gxzTet FrAdE woT e 1R 8 oA @tk % C
SH 288e $7 AEFATI A0%E FE =91, 2T 0%E 7R wgk
B‘r. I8y Chi-SquareiA o2 A F3F FoAE B4 A3} AolE Ho|x &k
tHP<0.05).
Table 57. Effect of different selenium sources on carcass characteristics
Control  Sodium selenite Se-yeast Se-SMC"
Backfat thickness (mm) 9.00 14.80 12.20 10.20
£1.38 +2.18 £2.50 £1.24
Ribeye area (cm?) 68.00 80.80% 80.80% 80.60%
+3.15 +2.54 +0.86 £1.78
Carcass weight (kg) 334.40 372.40 359.60 370.20
+22.27 +17.27 +4.30 +6.84
Yield index 67.61 66.16 67.28 67.96
+0.46 +0.79 +1.06 +0.58
Meat color score 4.80 4.80 5.00 4.60
£0.20 +0.20 £0.00 £0.24
Fat color score 2.80 2.60 3.00 2.80
£0.20 +0.24 +0.00 +0.20
Maturity index 2.00 2.00 2.20 2.00
£0.00 +0.00 £0.20 £0.00

> Means having different letters in the same row are significantly different (P<0.05); *Spent
composts of Se-enriched mushrooms.
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Table 58. Effect of different selenium sources on frequency of yield grade

A B C
Control 0(0) 100(5) 0(0)
Sodium selenite 0(0) 60(3) 40(2)
Se-yeast 40(2) 40(2) 20(1)
Se-SMC” 20(1) 60(3) 20(1)
Chi-Square df = 6 value = 7.1282 p = 0.3092

“Spent composts of Se—enriched mushrooms.

Table 59. Effect of different selenium sources on frequency of quality grade

1 1 2
Control 20(1) 60(3) 20(1)
Sodium selenite 40(2) 60(3) 0(0)
Se-yeast 20(1) 20(1) 60(3)
Se-SMC’ 80(4) 20(1) 0(0)
Chi-Square df=6 value=11 p = 0.0834

“Spent composts of Se—enriched mushrooms.
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Table 60. Effect of different selenium sources on changes in TBA and VBN values

during chiller ageing

Storage period(day)
1 7 14 21 30

TBA  Control 7.37£1.41 7.61+1.36 7.86£1.53 8.24+1.57 8.73+2.43

Se-SMC” 6.68+1.17 7.02+1.40 7.11+1.45 7.13+1.42 7.39+1.43

VBN  Control 0.10°+0.02 0.17°+0.06 0.23"+0.08 0.24°+0.12 0.30°+0.15

Se-SMC"  0.06"+0.02 0.08"+0.02 0.10°+0.03 0.11°+0.03 0.16"+0.06

> : Means having different letters in the same row are significantly different (P<0.05);
“spent composts of Se-enriched mushrooms.
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Table 61. Effect of different selenium sources on changes in fatty acid composition during cold storage

Day 1 Day 7 Day 14 Day 21 Day 30

Control Treatment” Control Treatment Control Treatment Control Treatment Control Treatment
C14:0 3.32+0.26 2.97+0.15 3.08+0.25 3.11£0.17 3.00£0.21 2.94+0.16 2.92+0.21 2.80+0.15 2.89+0.19 3.00£0.18
C16:0 26.65+0.58 26.58+0.53 25.98+0.64 27.32+0.48 25.78+0.57 25.89+0.83 25.95+0.85 25.40£0.78 26.26+0.46 27.10£0.73
C16:1n7 5.84+0.40 5.19+0.35 5.65+0.36 5.31£0.16 5.44+0.36 5.37+0.24 5.33+£0.16 5.82+0.50 5.50+0.25 5.41+0.29
C18:0 10.45+0.47 10.43+0.46 10.48+0.37 10.66+0.30 10.58+0.40 10.52+0.19 10.55+0.26 10.64+0.33 10.78+0.27 10.56+0.46
C18:1n9 49.89+0.83 50.90£0.63 50.68+1.06 49.93+£0.62 51.23+0.77 51.70£0.98 51.55+1.14 51.83+0.57 50.79£0.86 49.68+0.63
C18:1n7 0.60£0.09 0.65+0.07 0.67+0.12 0.50+0.14 0.62£0.15 0.53+0.09 0.44+0.09 0.42+0.07 0.52+0.08 0.55+0.14
C18:2n6 2.01£0.23 1.93+0.17 2.21+0.26 2.00+0.18 2.16£0.24 1.88+0.15 2.09+0.22 1.91+0.14 2.04+0.22 1.90+0.12
C18:3n6 0.15+0.01 0.15+0.01 0.13+0.02 0.14+0.01 0.13+0.01 0.12+0.01 0.12+0.01 0.10£0.01 0.13+0.01 0.13+0.01
C18:3n3 0.16+0.01 0.17+0.01 0.14+0.02 0.11£0.01 0.17+0.03 0.13£0.01 0.14+0.02 0.13£0.02 0.15+0.01 0.15£0.01
C20:1n9 0.46+0.03 0.50£0.04 0.48+0.04 0.49+0.04 0.47£0.03 0.49£0.05 0.46+0.04 0.47+0.04 0.49+0.03 0.50=0.04
C20:2n6 0.09+0.01 0.12£0.02 0.10£0.02 0.10£0.03 0.10£0.02 0.07=0.00 0.09+0.01 0.09£0.01 0.10£0.01 0.10£0.01
C20:3n6 0.12+0.01 0.13+£0.01 0.12+0.01 0.11£0.01 0.11+0.01 0.11£0.01 0.12+0.01 0.12£0.01 0.12+0.02 0.11£0.01
C20:4n6 0.22+0.02 0.24+0.04 0.23+£0.04 0.19£0.04 0.17+0.02 0.18+0.01 0.19+0.02 0.19£0.03 0.19+0.04 0.17£0.03
C20:5n3 0.00£0.00 0.01£0.00 0.00£0.00 0.00£0.00 0.01+0.01 0.01£0.01 0.01+0.01 0.01£0.00 0.01£0.00 0.60=0.60
C22:4n6 0.04+0.01 0.05+0.01 0.05+0.01 0.03+0.01 0.03+0.01 0.06+0.01 0.05+0.01 0.07+0.00 0.05+0.01 0.05+0.01
SFA 40.42+0.83 39.98+0.77 39.54+0.92 41.08+0.68 39.36£0.88 39.36£1.03 39.42+1.14 38.84+0.81 39.93+0.72 40.66£1.06
USFA 59.58+0.83 60.02+0.77 60.46+0.92 58.92+0.68 60.64+0.88 60.65£1.03 60.58+1.14 61.16+0.81 60.07£0.72 59.34+1.06
n6/n3 16.50£1.05 15.38+£1.38 21.45+3.05 25.37+3.41 18.84+2.71 19.05+£2.53 20.20+1.67 18.80+1.97 18.25+2.59 14.57+2.53
MUFA/SFA 1.41+0.05 1.44+0.04 1.46+0.06 1.37+£0.04 1.48+0.05 1.49+0.06 1.48+0.08 1.52+0.05 1.44+0.04 1.39+0.05
PUFA/SFA 0.07+0.01 0.07+0.01 0.08+0.01 0.07+0.01 0.07+0.01 0.07+0.01 0.07+0.01 0.07+0.01 0.07+0.01 0.08+0.02

“Spent composts of Se—enriched mushrooms.
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