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%, WUk o THEOBB 2T 5 ity 1
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HTIZ 1B GRAG - FRERD). TAR GEES - FREM.
IBEE GHff - AR REDYA Thd s, K
Bl T BURTARAE O SRR EI4 % BN & 1 T AU ARAAE O HE
REGEEFTIES (®3). LinL. T3 Lt

£3 IIC & B BRI & R

EiRILEDE(
hiv &5 458 SR
Bk E (ke 159 161
BEAE ke 256 259
HEKE (e 0.80 0.79
BAEE (ke 118 ° 126 °
NiEEE (ke 358° 31.6°
A 39 ° 33 °
1-28 5.8 49
35 18 17
48 12 ° 09 *°
NG 60 ° 51 °
Kz 32 33
¥ ADIEEME R
BEOE %) 214 ° 192 °
BE B 60 ° 90 °
R 2% 56 55
X 2% 67.0 66.3
Mg bR SFRAETRILEY
BEAVEY (ng/ml) 88 ° 68 °
1A (gu/ml) 47 * 100 °
IGF-1 (ng/ml) 496 ° 677 °
ab:P<0.05 (%, 2005)
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4. WUERFBSLUSHAETRFORERICEITS
FRBHEREBEEE KPR, 2010)

BIRERREIA OB LI ERBICEFIEE 5 & Hk
95, L. BBEZOEFHE TCOEHEDKT &
A X2 BRI AN T —DERICE > TRV
F—REVPEIICEL T I BGHHENEDO T
DEEZLNTND, —F, HiflliEORSE b
Ko THEINT 228, Hic & 2 kit o B RIS g
OEFEEHMERTHRFR TSI EATO LN TN
%5 (K4).

FHROBKICEGRT 25N OERY X /BEEIX
‘Eﬁfﬁitt’\‘ﬁﬁllf’iqi"@%“ ZENPHPINTND

(F4), EKWKCHEHERTEEINZT I /B (Thet
Ser+Gln+Gly+Ala+Val) DEFENBNI &N B,
B ORI EREONEE THEEHEALND, K
o RO RIZETIEE L ZEORICH A TRKE
MNEL R w7 O R0, RRIZDW TR
RO X I AT a7 CoEnEENEm<EaL
LTV H DY (H5),.

I K 0 RO A ORESHITEHICER &
ENHEL OHMEERSOEFENEES Z 0K

HEOINTWD, JiBLIEEIC X 2oL
ERSRERBERZB DR IO0F U Pa b7
/=) (E¥XTE) OFRFEEIIEBITEESF XD
HRBFTEWL, BEFIZZENS DRI NEEIC
FEENTNSDTHD. BEFOIEIHEHEKIISE
ZFHIEINT CANEETREIBITS w6 /0 3 &K
ESRUTIRT 2 ZEMHERINTNSY, HEI0
SHRABEMIBHFE THD alU /) LV VENRY &L
TEEEND D, F5ITRT &S THUE HiF s
DD 0 6 /0 3 HLEIZ3. 3 LK < B FAIC
FFELUWEWBERER>TWS, £k ZEF >
WBIRINF—EEEHEISHBERTYHSTIUARELT
HEHZEDTVWBCQI0 (AT YA LF1—F)
D ETHDH, WEHRBTRCHEL TEWER
B2RT (R6). AR OERNREEITRR RIS
Y TR OMREERDZ Y I TR E L TORENHE
INBDHNZF . b NOESHER FICHREE DD
MICARHED (a7 KhhbBRHTHDI LT F
> BERF OIS 2 BRI 2RI H

K4, BRICKB: MR OBERY I /BRESOEL

(mg/100g)

T 1B1T4
T RISSEE (Asp) 06 " 02 °
ALFA= (Thr) 33 3.4
+1)> (Sen 68 ° 35 4
FARISSFE (Asn) 38 47
JIVASE (Glu) 60 * 95 B
FIWAEZ (GIn) 1254 ° 923 °
1S (Gly) 6.9 6.0
TS5V (Ala) 543 ° 338 *
732 (Val) 3.1 3.6
AFFZY (Met) 09 ° 06 *°
Avnqy (lle) 24 26
A4 (Leu) 3.8 43
FOL (Tyr) 22 2.1
JTZIFS= (Phe) 2.2 2.2
BF735=> (B-Ala) 13 B 10 #
12w (Lys) 49 ° 71°
EXFT (His) 2.8 2.8
FILFZY (Arg) 6.8 6.7

AB:P<0.01, ab:P<0.05 (BA5, 2006)
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(Muramoto et al. 2005)
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&5, BRICKBHMEHMEES = 2 L AERABRIERIDZE L

e dailb BITHEE
EgEE 43y
EAR3IVE (ug/e) 70 ° 25 °
B-HOF A (ue/e) 0.24° 0.07°
ERAERAE R
EaFNRRBAER (%) 422 43.9
— Il gaFnAE Bk (%) 389° 457°
ST BEFING ABE (%) 152" 57°
w6/ w3kt 33° 66°

w6:Y/—EE+IAH Y IVEE+ (Y MIVEE+ TN VER+ TN LUER
w3: @ YL+ I N AIVEE+ FIA VAT B+ N IAR Y IVER
ab: P<0.05 (Muramoto et.al., 2005)

+ 6. MURICKB¥HHHORIBREERNEEOEL

(mg/100g)

ik BT
A%/ 30° 25 °
AL=FY 164.7 ° 1311 °
HLTFY 3769 ° 3137 °
ANy 301.2 ® 2032 *
Ty 6.8 6.7
") 129 ° b6 °

AB:P<0.01, ab:P<0.05 (EH/5, 2006)

BRIV VEDNTHRBFTOEHEENSEL. Z
NS DR DHEIMIBIT BV B F OEENTHE S 15 F
BIFIIF-REICBEETIBOEEZIOBNTND,
—%., BASTEHCEE Lz BREETE Rk O L HF]
A4 NAEETRENOARNDIR R EET
EBRBTIENTESN, TOXIREEFRITBN
THEAEOREAHMND D Z ENMEREEBRF L
gD THEEIN TV, TR AR4RAEE T
RANGEEE L TRBEAENDERITDIRWRE.
WEDEFRMEY 2 AT 57201 EIER - ZREL
THRAINDIERDELBRIEMND D, THFIHE
HER DRI 2 LT 5 & BRI R = o
O— M AEEERIRHEE & U TIRA SN D EHR
BORWHOD, FNRELE L TERLALEZRDOKE
DINFOEEHMPERE L TEHITETLEND
O, KREZEZFIDULARE#MDPEOBAI LML D
ZLBBEMNH D (K6), MIEMTOLEERTD
BRI 2 BT 5 720, 20104F O AL #EE fEfE AT
RO D] TIT M E I B 3 EEEERE O RE L
MWE 54, NIiZ 6 ~15kg/10a» 5 2 ~ 6 kg/10a,
P:0s L 8kg/10at 5 3 ~ 5kg/10a~, KOl 8 ~12
kg/10am 5 4 ~ 6 kg/10a & KiRIRKEAR TN T
% (7).
THIFIAEAERE T, RO HR & 1 5 R 8
BHEEICH W S NS EIEENT B3 2 2 Rk H3H
NN 2REBREEZATNS, WA1508 - B100
BHZ&150ha DB T LIMFI AR O A EHF X THE L
TWBIEREIBETORER &2 A5 & BBENERN
LHNIOEBMERLLRZREIHHOADOT

-
O {esies m 2
SiEes A 5 b
O ZHREE O Bz
W R O HHEM
149 -4 131
as8) |
203 HEH ' II46
(57)

o] st | -
(71)

49 ﬁ ** 38
. CHTH) :I L
200 150 100 5 o (1) o s 100 150 200

R 6. TFIAMRERNDERIIZ (kgN/ha)
(FES, 2001)

TR O KEABIREE (2002)
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IRz : ke10a, SELED

T S | v ARER | A RHR

|| omey | War WA N PO X0 N P05 | KO
Ali] 1~ 18 [ 2,000 4 0+ 2 4 = 1 5 0% |

- . 2~10 | 3~5 [ 4~6
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7. BBRERICS T SEEEEOREL
(dtigEREAE A A K, 2010)

0. 45mg/1. HTL. 60mg/1& UM % Bl S 3 M B
SMTIEEN ERLTBY. KN, SERMIS. 4t D
SR EBCTHHELTWS, NS OEHR
B AR O AT, RESB T &4
HEOATE KB ZBZ XN TWS (K8). Ml
MO U EEE RO H B L EHIBERNTI%
LEBEL, MEEERNU%, TR TREREN

3% THD, BREICHINTHL L ERkS ORE
EEFIND L AHIEERO LT VB TREZD
KES VLA S D ET R FKICHRT 2 ON%
<. WEEREZRIT I M5 ORIEKICHRT B
DHBBEVERMSHND (K9).,

ZOE S RFANANOERFHE BT 5 1 THEEH
AR FEERE D, FBBIIREDR S KROBITEHT
2OOERMER > TH, fetlh e OEF TR
SYBOHEAND 0. )l & OBER TILEE#H T kD
SIIKNDHEHADRZ > TWBAS, RO EIEL
Hi T 7K H 0D R 58 5 e TR A1 B MR
EYc X B L o TRET BIEAERET S (X
10), -EHIOMAEYIC X B WEBRERIRIICRT
£ I HF KT AN E < B THESIREBIC 72 0 B W IBFT
TEL. FABAKICBIT 2 ERRBEITKOEE 2 (7
THIREEIEEL FTEMED Y ¥ — () 72
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K8. FAhoORERIDERRHTFE (RS, 2002)
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K 9. BREFICHIFSAEIFHERRSDHE

(&S, 2002)

DOEHEYE TBITHRTAHEEDEEL EBITREL
BHELTWBEEZSNTNST,

TR LD ARz i L O A S ISR A E
L., bOEOERKEN LICERT SREAT DD
NGRS EES R THIN (BHRD ) IcHhErE
WEEBIROTIIBEG I TIRAEE S N2 4R OFEEAME N
ZENBRDRY VTR TWS, I L4 RERE
MIEMD7=DITIIEES - TEEE - HEEVNTOR
FOMEZE TR T B D OB D A L HAEER
BER Ml TF D K D I FWMATET 5 720 DA D
SUMNAARDEETH D, [EN S DL HEREDH
2= DONWT, 7 RIATLA2EERIELEZ LTH
ROBBIELE & S5ONTITHERIEAR TOFRAERE
DOEH 2 EEMNICAED U THMEEZ DTN
KM TIRIES ZA TV RENHBES D,

SE 30k

1) AR, HEEFEERE LEARAERSFOF
B - EE B 050, LRI EACETT SR
&, %85, 1-83 (197D

2) IVIARFISL, HE AR RIT K DA PE L RUE,

R10. ABHHOBE S ERHEE (T4, 2005)

#gNkg'd

(cm) 1000-10000 Q

500
400
300
200

100 1

0 -

1. TIEROHMEMIC K SIHEEIREREDH HZEE)
(F17, 2005)

JERBFE M BABE RS, 8175, 3-27. (2000
3) FEEH - MLEL - BBER FIVAY T R
BEDL =X RV 2 =X UHBERD AN/
A4S ALERDTHR. 1435, 1567-188. (1985)
4) BE K S0y L—TURAIIES
LTS ARB T FHRCIOREEDFFE ML
AR BRIER) . 117-129. (1980)

5) WKEE., 0—IdX MRALEE B USRI
BEEMA RO EMER EHHBEEMTEE
MR &R 1-14. (1982)

6) & H, MAETE R4 E O SR A A EE.
JER B BRI RS, 55175 29-38. (2000)
7) BB, E—T 0¥ 7 3, PIS-8L BE
B, A 1994

8) mr L. It#EEICBIZ2AREBAFOEER
e, R L FLIR. 1986.

9) MhEE . B HLII U e R R A R
OEMfRE~ AR EARIC K DER BEEMN~.
L EFER29 © 23-27. (1995)

10) Hata,H., Tomioka,T., TanakaK., Matsunaga,N. and
Hidari,H. Effects of grazing on deposition of chemical

body components, energy retention, and plasma
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hormones in steers, Animal Science Journal, 76:225-
236. (2005)

11) AF#7. BERES O BBRGMETRICKTT
AR DL, LM A, 5445, 39-56. (2010)

12) WABEME - FRREZ - TEVE - /NBRE - AR -
MRS - FEHRL B OF WA BT SR
o Y X JBOSER. HHARFEERR,
49, 103-105. (2006)

13) Muramoto,T., Higashiyama,M. and T.Kondo, Effect
of pasture finishing on beef quality of Japanese
shorthorn steers, Asian-Sust. J. Anim. Sci., 18:420-
426. (2005)

14) £ #H- Bl - EEkK - BEEES - 2R

="

BEK. FRbh- E- M AR 2RI L 2 KRB EEC
B HEERMER. OAEMZERE 478 GD. 16-
17. (2001)

15) & #H-¥H{kz - wEHRN - B & - K
F - HANE - BRFER THAARERKEEECS
I HREAR OERBILE, AARRFEEERN, B
%, 80-81. (2002)

16) Jt¥gEHERET 1 B (2010)
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O, BABEWIERB D T, XAAVEEICH
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72T ZATIEE,. BEOFABAELT TR
FiBLEEZRT CENABIN, BEMINTNS,
LinL. 72 o7 20 Namh OIS Ot % Hifk)
THENIHRRHEDITON TR, YIFR—X
BB L D RESESRIVPTVWARTH D, ©
CTAMETIE, YIFR—XWL TV EDDT >
72 RBEOET YA EEE, RFr VA
£ RbUEROaVERERNL. BERFOIRERRL
ERANT, 7o b7 oo RBENIEERL RS
ket Lz, BYYRAEBEEN XL ERMT
e, WL TWARWSDICENTIEEORBILEEER
ICHIBI L 7. BRIC 1 % DA ORI TEBER (b4 2 (K
BIZHE L7z, AERICBT B IEEBRLOMF% R
3. B YRA EAR>KRFYRXVARSK MU ED
IVAEDEIZREND . SRFIEEFITH SBHT
20. 1% RME BT S & 8 Y < BAKRIE 1 %R
TR L NIVICIEE OB ZMH L Tz, BAlED
BRIV, 7O T VROBRERMT S LT,
XIAF—AHOREOBLENFITE D Z EAHE M
Erol,

= 201241 A1TH

Abstract

Recently, it has been found that coloring pigments in
foods not only have coloration functional attributes but
also have antioxidant potential. Mayonnaise can be easily
deteriorated in quality by the oxidation. Therefore, in this
study, we added purple sweet potato pigments, red cabbage
pigments and purple corn pigments of the anthocyanin
family to cyanidin into mayonnaise, and examined the
lipid oxidation during storage and investigated whether
pigments could restrain the lipid oxidation. According to
data, it was found that even adding 1% of purple sweet
potato pigments could restrain the lipid oxidation
significantly compared to the control (without the
pigments). Especially adding more than 1% of purple
sweet potato pigments could restrain the lipid oxidation in
a low value of peroxide. In summary, purple sweet potato
pigments had the highest potential to restrain the lipid
oxidation, whereas, the purple corn pigments had the
lowest potential compared to purple sweet potato and red
cabbage pigments (purple sweet potato pigments>red
cabbage pigments>purple corn pigments). Restraining
capacity of 0.1% BHT was equal to the restraining
capacity of 1% purple sweet potato pigments. It was
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observed that lipid oxidation in mayonnaise could be
restrained by adding pigments of the anthocyanin family.

#

ARELUTERT MWORBETE. B, REER
EOHIRBEDT > R T UBEENTNVWS, 7
SRV TZUERY T =IO 1IET, RU T
J = VESTFRCEBEU LD T © /7 — kKB E R
DR DK TH D, 7 h 7T UVREEDSE
HIZ &> THEZILZZTBECERBLDPTVDHO
D, BERERRHCIENTREEOENWI &0, HRO
BEVWEED I ENSNMIRROERICFHINTN
%, EETIIHIZRHOE BT T < Hilktag
ERTIENRHEIN BEfichTnd GFE,
2000, LALT7 > R 7 ronaERPOEE OB
EMHTEENWIEERI T DITON TR, T
Ko7 iZESABEENDZEiIckD, BNET
LB OB EN D, 77U OBROBKED
E o AIEIC 2 Ll EOKEEE: % B DR R UV FilE
LERZED E Wb TS &, 2000, > 7=
D UEBERICH T I —I)ViEE R DD ICHBEIEA
MENEEDbNTWS (HTE, 2000).

MBI ZEEHRICHEBTSE, RN TBIELREALT
BELISE 2 4RT 5. ZOLSsEEEIZ. R
MIEISEE I S ARKRETFNEEHRMN. EULES DN
MEGHOMELFBEL TR 5. HEELIE. M2
D&EBAA RN BECIVEEIND (BIF,
1995), ¥ I3 —XFKHHEALERTH D, EY
. IRETe & O LM E I & £ < SO NEE RS
NEESNTHED, LrbilERHEOSH T HEE
KEDRD, BILCX2RESH BRIV TVER
Thbd. BILICEDHEHIZEKRPRRZIELS, £
2T, WA THREIN TS E R TIXEDTAK & D
{EB5IEFIZ B & LB b b 2B < 2 & —iiy &z
T3, —4, HATIIEETRESASFOAMITBNT
B3 2 EWTd 5 Z & TRIEEFNTWS (UM, 2005)

F I TAMETE, EREME L THERINTY
BRRZBHEDT VMV VRAEDDI BT R —
AHIZBIT PR RERES N TORNWERT YT
1 ERR FFrRXVAER BhUEnalAFER
MU, BEEPOEEBRILEFHN, 7R TR
FOEE OB EIHIT 2 O RE Lz,

il

M LOAE

T IR—XEhE
MENZ T R THIRSE ORI, J— 0. Bl &
., WEEEFWE, SI1001C% LT, BEEL2s, &
12,5, BOEEL2. 5120 — L0000 349D 1 BED S

H-m ER-BE EK

OBEE, 3 FH—2HVWTHALET®Z, BODO—
CHMERLSETOMA, TOHETHICBERLI R
XS L, BRENTIZ—XEMEBOEEER
IKLT, 0.5, 1.0, 2.5, 5. 0% EEDOEREFICA
NUTHRINUZ, BREI=ZRELY - L7 - TAHR
&t (KB KVBALK. BYYTT ERBROER
FRI T TIUINTINALRBIUORA =D T
NNV E, FFEYRYBROEARIII T D
SYUNTINATVR, RhUROa BAROEARIL
Yy ZYL-3-FINaT RTHoiz. BHTIRM~Y A
F— XA B O EE ERICH L T.0. 1% EROBHTE
O—MICEN U TEHML 72,

BEL I E (POV) DHIE

T A% —X60 gl KIEBOEKRFEET MU AED
ZCIBFL. WELEEL . 3,000 pm T 1553 HE.O
438 (himac CT 6D. HITACHI. ®ED) #fF\. &5

hi-LEAEZSBLT (Nol, EESMK HF) ®E

LU, BAMEEZEHEOANEHRICH S THEL &
(KH, 1982), =fA 75 Aailklz 1 ~10 gfEfEL.
7RV A10 ml JKEEEE LS mlZ A CTEB S .
BRI LI T AR 1 mlZ2 A T2 L, 1 5MH
BULEMUKk, TO%, BITHREL. 55%. #
KEmlEMAZ, BUORZL, 10MEL EML .
1 ¥ TARAURIRZRFEMA, FRECEAL.0.0IN
FARET MU I ARIKTHE Lz, BRI R
2RkpEELU= (BN 2006),

<FHEA>

0. 01X (T1—T2) XFX1000
S

BEE L (meq/ke) =

0.01 : 0. 0OINFAHEEEF MY U LR 1 mliCHS T2
BEE DIV LEK

Tl AFEBRIZHT 20 0INFAHEEST U D ABK
DFTE (mD

T2 : ZERBRICHT B0. 0INFARREE T b U 7 LA VETK
O TFE (mD

F 0. 0INFAREEE T MU U LAREOHE BRI

S EBEERE

STC O ChE L =< I %—XDOPOVIL. 0, 7,
14, 21, 28HBICHIEL 7.

ME{LREDAIE

BHYT L EAR RFEYARXYAEZ EhUToa
TEFEEBTNTN 1 g2 BYER TIAR L. BYWEFTI00
miZAZR7 w7 UTHEE & Uz, P EERES v
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NTAS (Total Antioxidant Status, Randox Laboratories
Ltd., Antrim, United Kingdom) % I\ THEIE L 7= (B,
2008). 967X L — NTHEE/K, standard, FlElZE N
T4 ulAn, Z7OEy rEENEN00umAi. 5
=2 L T, B#L. SICTISEREESEE. °17
O7 L —hY—%—T595 nmDKFEEZHPEL /.
BEEZOWUTDOMA, BRL, #EBELL, 3408 B
U595 nm THRILE 2 HIE L 7z.

<GHEAX>
FilbIEM: (mmol/1) =FactorX (A A blank— A A standard)

Concentration of standard
(A A blank— A A standard)

Factor=

Concentration of standard=1. 78

AA=2 B HOWFEE — 1 BB OWEE

TR TZUEEDAE

B E6BE REvAVEHE BLhUEDa 6%
EENTNI00 mghEFEL . ZRE/K TAEMEE. 100 mlic
AR v T UTHEE Uiz, Giusti er al. D% (2001)
RV, Bl 2B IC400u. 2 AT DHEL,
1 #A130. 025 M Potassium chloride buffer (pH 1. 0) &, &
5 1 A&iZ130. 4 M Sodium acetate buffer (pH4.5) 1.6
ANz, Bkl 510 nm& 700 nm TRCE ZHIE L
o MY VYRABRBROEBRIS T2 TIINT
WAV RBIURF DT VNI INAT R, FFy
RNVBROEBRIII T TINITNITE, K
rEOIVEBEOEAER I T V-3V
RTHHED., BFYIABREZI I TV ERT
ZUCOREET RV T ZUEER. REYRVER
EERTYIA BRI TV ET R T DA
2&LU7%,

<EMEA>
Monomeric anthocyanin pigment (mg/1) =
(AXMW XDFX1000)/ (e X1)

A= (Asio— Azwo) pH1. 0— (Asio— Ano) pH4. 5

MW=449.2 7=V DHTE)
DF =R
£ =26900 (Molar absorptivity)

HEataLE

F— 3 L EERETR L. SHEOER
EREIID O (ANOVA) ITK DML, AEZE
MERD BN, ZEMRE & L TDuncan's Multiple
range test (SAS Institute, Cary, NC, U. S. A) ZHW/z.

BEERp<0. 05 ZHERHERICHE ST L 72,

R

1. 8YYs R KFEr+AVER EMUVERD
ALEBEDT VT ZUEELELEE

B EAE, REYRNVEREBIVENVE
O3 BEEMATERLZTIZ—XIER 1allH
HESICEFNEFNRESCHETIAR—X RS, T
DRI TDUEBIIEY YA BRES 11%. FFEY
NYEFES 25%, BRI EOOIEEL X THo/-
(Table 1) .

PIBELERIL, RFErRXVEESKRY YA EaES
RMUEDIVHBROIEICHFBRENE > &
(Table 2),

Table 1 Anthocyanin contents of pigment powders

Pigment Anthocyanin contents (%)
Purple sweet potato 8110062
Red cabbage 5.25+0.06°
Puple corn 3831002

Values with different letters are significantly different by
Duncan’s multiple range test (p<<0.05)

Table 2 Antioxidant status of pigment powders.

Pigment Antioxidant status (mmol/l)
Purple sweet potato 225+0.11P
Red cabbage 3.05+0.132
Purple com 2.38%0.11°

Values with different letters are significantly different by
Duncan’s multiple range test (p<<0.05)

2. BHYTS M EaKR KRFErAVER BXMUEA
aALEEICLEZTIR—ADIEEEL
RIAZ—RWHETYIIEAE. FFYRXVERE,

BRYEOOVAEEZERL 0% TDOHRML T 3TCOER

EERAEEET IR T2 HREEE L. BRERICPOV

HEERELZ. FORE, 3> bo—)lIRERRKIC

PENEEILL TNWH I L., BER2EMLEZYI R—

X TREBEUAODEN M BILEMHIL T (Fig.

1b). EFiE28 0 HOPOVIEZ BT 5 & P YR AT E

BESHRFLYRXVEZESKRNUEO I AEDIHEICHE

BB LEHIHL Tk,

3. EYYTSM EBROEEDENCLETIR—X
DIEEE1L

AR —RACETYIIEBEE05%. 1.0%.
2.5%., 5.0%EML T, 3STCOZELGERNIERSEFIC
REFTC28 AT L. POVIEZMEIE L2/ER. T
RAEBEZ0OIBLULETMT S E, a2 bO—)LTH
NTEEEAZICHHE L TV Fig. 2). i1 %L




BHH—BR - kH R - G

25
—~ 20
(o)
=
O 15
o
(0]
E
> 10
o]
a
5
0 1 1 L
0 7 14 21 28
Storage days
Fig.1b.

Fig.1. Peroxide values in the mayonnaise (control)
and mayonnaises containing 3 type of plgments
during storage.

a) Pictures of fresh mayonnaises containing 1% purple sweet
potato pigments (A), 1% red cabbage pigments (B) and 1%
purple corn pigments (C). b) The storage was done at 37°C in a
dark place. Control (@), 1% purple sweet potato (A), 1% red
cabbage (O), 1% purple corn (A).

Values with different letters are significantly different by
Duncan’s multiple range test (p<0.05).

FoEMTaY FOo—)VO¥455 LI OPOVEIZ M
L. BEORINBICEEL TRLLEZMEL Tz,

4. BHEABLABHTE VY YA EREICLBIEE
(LD L8k .
< AR—XICBHTZ0. 1%, BLURBEBWTIEELAE
BHDET YT ERER 1 %EML, 3TCDOLEKE

RAEE S ICHEPT C28 HEMR L. & HBICPOVIE

ZHE L (Fig. 3). TORER. I bO—)UETE

AEICpE S TERIEAMEE L TWBDITH L. 1 %Y

VA EERSEEEZI4AEN S, 0. 1%BHTIIATEEZ21

AW BEICE LG L. FE2BAED 1 %%y

A EREB L. 1%BHATOPOVIE % LL#ET % &

feE T A% OHiELEEEH L TWhi,

Z =

SR 7T ZUARES O IR XHOH
BILBBICDOWTHRNZ2{To/. PRI T2 UEE

Y A BERS. 10%, FRF YA, 25%,
BhoTOoaIaELB% Tholk, 7o 72>

PE-® EREB HEK
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Fig.2. Peroxide values in the mayonnaise (control)
and mayonnaises containing 0%, 0.1%, 2.5%, 5.0%
purple sweet potato pigments after storing at 37°C
for 28 days in a dark place.

Values with different letters are significantly different by
Duncan’s multiple range test (p<0.05).
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Fig.3. Changes in peroxide values in the mayonnaise
(control) and mayonnaises containing 1% purple
sweet potato pigment and 0.1% BHT stored at 37°C
in a dark place.

Control (@), 1% purple sweet potato (A), 0.1% BHT (H).
Values with different letters are significantly different by
Duncan’s multiple range test (p<0.05).

DEBIFREL DHENREINT WD, BRITER
DY I ToEFURED. TNEERICERT S
DIFHLNEINTWND (WROLSTAD et al., 2005), 5
BYRAERBIIRICI T O ERT D THR
TN, BFELYARVEREIKINYEOIVERIIEICY
T DOHATHRIN T S (KoNCZAKA ef dl.,
2009), GE, BIELETY >R 72 BIZDOWTIL
BERERDPTHBIT Y- 3-7) AT RBXN
RFEZP-3,5-PFNAT REREET DI EILITE
BMho T,

BRET OTELEETIE. FF v XVBESETY
IAEBERE=R N TOOSAEDIEICHELRNREN
WOLNz, BPYRAEBRELITZ ?/&/\73‘_
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POOEIEMN3 1, AFEIYARVEELLINYEDO
SHERIZVT DDA THEE NS (KoNcZARA et
al, 2005), 7Y COBRIE2DOE KOoF )L
ERHDOOIIH L. REZZP D TRED 1 DA REY
Hiciz->Twa, ko THBLESE DN 7=
ERELFURF v XY BRITIBCETE N - &
EZZoN%., LML, AR TV ORZERT
D NTEOISTRARF v RY LEEOHELEET
Fooholz, ZHRBEZEHERICEETNTWSS
BEDOEIGER L TWBHESENE L 5NDH. 51T
R NBETH S,

BHYRAEBEOT IR —AANDOFMEDENIT
LB RIZDWTIR Y 1T EAER(0.5%
PAE@wmE 322 &Tar bo—)lickR, HEICE(L
EPHIL Tz, B2 1 B EOBRMBTIEZa> B
=)V D5 LUF O WE IR U7z HiELIE
TOhTZOORECHBEERERT EVWOIWEND B
(KaNo et al,, 2005) . S EIDOEBRIZBNT HREICHE
ROBRMEBZELTIIEBLEZIHTELENILD
I, BEKGFHICEEIE L T\,

TIAF—AWRX 3 DOEEZFML THET 3 LY
YRA EERENGRICEB(EEIHL Tz, L,
FERMARTOYIELEEDKER (Table 2) TIIEKEY YT
1 EBEERITIN, FFEYXVEROHBTELETS
Mo, HRFTNVERIMEMENTEL, BF V<1
EAEZRIMAEICHRWERESN TS (FLEHSE
2003), SEIDFERIL. 3TC DEFRIRE N DENICE
BERFILUTWDAEENREZ NS, BERS, K
FEREEELORETHRLZEE. KRR ER
EFENBT 2 b7 OHEELARE 5°C T3 6 HA
BPEE S 2 E29% AT B Dic L, 30°C T 6 SEEIETE
9§ 5 L36% DA HIGENNARO ef al. (2002) 12X DL
EINTND7=0, KR TOIED A AHIERLRE DD
NhlznEEZ NS, UEDOLDIRTY > F 7=
BHEEA LR ZITRT <. BE. BE. X pHBRED
EBREHICIVZOHRIZEETIHDEEZ SN
%, ZOkED, SEOTIZ—IHBIRBROSHET
TIREYY A1 EERENR OB EIHE T 5 HRIC
BolOhhb LNy,

ARPIBE(LAIBHT E DB TIE 1 BT YY1 £
RIIETRBLIAAMN 5. 0. I%BHTIZ I EE2IH NS BE
WESL2IEI L/, 28HMOIRTIE 1 %55y <1
EEFEFRME 1% BHTHRM TRAIBMLIERAOF R
EZRRoNEMho . ABMNSHBLETY T2
CHBHTE A% OHBILEERZFEDEWIWMENDH D
(NARAYAN e? al., 1999), ARIFFRIZBNTHRIRICT >
k7 Z 2 EREORYY T EARIEIBHT & FE DH
EefbRex s, HiBMLFI &L THHoEfERD T
EMBHEMNERD T,

UEDFRID, B YTI AR RFErNVE

& ARMUEOICERZRIMNTSIET, YIR—
AP OIEEDOBRILEZNH T D LRSI N, £
7z. T OFBRIGIERIEA IR EAIBHT &M% 0% R
ZRL. SHIRRABEMOFEHICED, BZEEORL
CENOREIRETSYIAR—IICES>THEIESZ
5ND, ET T URBRERERNT S &
T, BEONRBT IR —XOEENTREE o .
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Evaluation of associative effects on ruminal digestion kinetics between
rice straw and protein supplements
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A>ERNOFATOY 7 a (GP) EEAWT.
o &S N BEIRRBNER D)L — A 2 RIERIZRS
DHFEHNREFML 2. FED B (RS) &, KEH (SB).
EXTUH (SP. Iy itk (GN) BXUIH

(SS) LT0:30DLTRAL THELE, REGPER:
FIRRE THIE L. HRAERMREERERET IV
WHTIID TCPEIRE/NT A—F BHE L k. HEERE
BEMNSEWIHEILE (DMD) BXUEEYIMLE

(oMD) =HE M U7, BREHYHEILE (OMED) %
GPERBEEB IV — A BilHEE 2 % h'NOHEE
Ulze & 2N BRI ZRSICEA LB EIT. GP
ERHEEIISBE DRG TR OEL /%>, RS+SBH
U < IZRS+GNIZ A D wi BN & Bl DR & & Fh X TDMD,
OMD®B X 'OMEDIZE WEER L 7z, & 2NV EH
BhfF Bl RS & DR AREEIL. T ORBEICED 5T GPE
FREEE SOMEDICIEDMHESRZ S B Lz, Lo
L. OMEDNDEDHEHROEBEIINTNDS 2N
PEEFABICDONTS 1 ~3BEBEENEI Mo,

ABSTRACT

In vitro gas production (GP) was measured to investigate

associative effects on ruminal digestion between rice straw

Z® 20114128226

and protein source supplements. Rice straw (RS) was
incubated with protein supplements, soybean meal (SB),
sunflower meal (SF), groundnut meal (GN) and sesame
meal (SS) at a ratio of 70:30. Cumulative GP volume was
recorded up to 96 h incubation and the simple exponential
equation was fitted to the GP production curve to obtain
the kinetics of GP. After incubation, the residues were
used to measure dry matter and organic matter digestibility
(DMD and OMD). Organic matter effective degradability
(OMED) was determined using the rate of GP, OMD and
2% h'of ruminal passage rate. When supplements were
mixed with RS, the rate of GP was highest for SB mixture.
The mixture of RS plus SB or GN showed higher DMD,
OMD and OMED than other mixtures. A significant
positive associative effects on the rate of GP and OMED
were observed when RS was mixed with protein
supplements regardless their source. However, the positive
associative effect on OMED were only 1 to 3% points for

all protein sources.

INTRODUCTION

The productivity of ruminant animals in many tropical
countries is restricted by their feeds which consist of low
nitrogen and high fiber contents. Thus crop residues and
agricultural by-products are major source of feedstuff in
these regions (TIN NGWE, 2003; KaBI ef al. 2005). An
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improvement in ruminant productivity requires a means for
upgrading poor roughages such as rice straw through
increasing their digestibility.

In Myanmar, intensive smallholder dairy farmers often
feed ruminants on rice straw supplemented with various
types of protein sources. It is well known that
supplementing low quality straw-based diets with protein
sources elevates ruminal ammonia nitrogen concentration
to improve the slow rate of straw fiber fermentation in the
rumen (FIKE et al. 1995). TIN NGWE (1990) have revealed
that feeding protein supplements from several sources
increased the ruminal digestibility compared with the sole
rice straw produced in Myanmar. This improvement can be
considered as "associative effect”" between feeds so that the
ruminal digestion of one feed in the diet affected that of
other feed. It is necessary to quantify the associative effect
between rice straw and varied sources of protein for an
efficient use of rice straw. A better understanding of
associative effects between rice straw and supplements
could help to improve current feeding systems and thus
contribute to the development of a more suitable animal
production in Myanmar as well as some other Southeast
Asia counties.

Although the positive benefits of protein
supplementation for the ruminal fermentation of straw
fiber appear to be well established, there is a limited
amount of quantitative information regarding on
associative effects. The quantification of associative
effects between feeds requires to be tested both singly and
in one or more generally binary combinations (VAN SOEST,
1994). In spite of an importance of in vivo approach, it is
difficult to compare the associative effects due to a wide
variety of supplements. An alternative in vitro approach
especially gas production method could be suitable for a
quantitative evaluation of the associative effects between
feeds on the ruminal digestion kinetics and the digestibility.

The objective of this study was, therefore, to evaluate
associative effects on ruminal digestion between rice straw
and different protein supplements (soybean meal,
sunflower meal, groundnut meal and sesame meal)
produced in Myanmar, using in vitro gas production
method. The hypothesis tested in this study was whether
associative effects on ruminal fermentation would be
varied with protein supplements source due to their
ruminal degradation rate.

Materials and Methods

Feedstuffs and chemical analysis
Rice (Oryza sativa L.) straw was obtained from the

experimental farm of Agriculture University, Yezin,
Myanmar. Soybean (Glycine max L.) meal (SB); sunflower
(Helianthus annuus L.) meal (SF); groundnut (Arachis
hypogaea L.) meal (GN) and sesame (Sesamum indicum
L.) meal (SS) were obtained from a local market in the
central region of Myanmar. All feed samples were ground
by a cutting mill to pass through 1-mm screen prior to the
chemical analyses and the in vitro gas production
measurements. All feeds were analyzed for dry matter
(DM), crude protein (CP), crude ash, organic matter (OM),
neutral detergent fibre (NDF), acid detergent fibre (ADF),
acid detergent lignin (ADL), ether extract (EE), and non-
fibrous carbohydrate (NFC). The content of DM, crude
ash, OM, CP and EE were according to the methods by
Aoac (1990). The content of NDF, ADF and ADL were
measured according to the methods described by GOERING
and VAN Soest (1975). The content of NFC was
calculated by subtracting CP, NDF and EE from OM (VAN
SOEST et al. 1991).

The protein fractions (A, B1, B2, B3 and C) of feedstuffs
according the Cornell net carbohydrate and protein system
were analysed by SNIFFEN et al. (1992) and LICTIRA et al.
(1996). Fraction A is non-protein nitrogen which is
trichloroacetic acid soluble. B is true protein, and C is
unavailable true protein or bound protein. Fraction B is
further divided into three fractions (B1, B2, and B3) that
have different rates of ruminal degradation. Fractions A
and Bl are soluble in borate phosphate buffer and are
rapidly degraded in the rumen. Fraction B2 is fermented in
the rumen at lower rates than buffer-soluble fractions, and
some fraction B2 escapes to the lower gut. Fraction B3 is
more slowly degraded in the rumen than Fractions B1 and
B2 because of its association with the cell wall. Fraction C
is the acid detergent insoluble protein (ADICP), and is
highly resistant to breakdown by microbial and
mammalian enzymes, and it is unavailable for the animal.
Fraction B3 is the difference between neutral detergent
insoluble protein (NDICP) and ADICP. Fraction B2 can be
calculated with the following equation; B2 = CP — A —
Bl — B3 — C.

Gas production measurements

Rumen digesta was taken from six ruminally fistulated
Holstein dry cows (777.4 = 18.4 kg of BW) fed on corn
silage and alfalfa hay twice a day with an allowance at a
maintenance level. The management and the rumen
fistulation procedures for experimental cows were
approved by the Animal Care and Welfare Committee of
Hokkaido University, Japan. Rumen fluid inoculum was

collected after the moming meal and squeezed through
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four layers of cotton gauze. The fluid was transferred to
the glass bottle and immediately transported to the
laboratory. The culture medium and rumen inoculum
procedures used the method of THERODOROU ef al. (1994).
In vitro gas production was measured from incubation of
single substrates of RS and supplement (SB, SF, GN and
SS) separately, and their mixtures consisting of 30%
supplements with 70% RS. The strip anaerobic methods
were used in all steps during the rumen fluid transfer and
the incubation period. The individual feed samples and/or
the respective mixtures (app. 1g DM) were transferred into
100 ml serum bottles. The bottles were filled with 80 ml
medium and pre-warmed at 39°C, and then added 4 ml of
reducing agent and 5 ml of rumen fluid inoculum under
continuous flow of CO.. Each sample was incubated in
duplicate and two blanks containing rumen fluid and
culture medium without sample in each cow was run.

The gas production was measured by reading and
recording the amount of gas volume after incubation using
50 ml syringe connected to the incubation bottle with a 23
gauge, 1.25 inch needle. Gas production (GP) was
recorded from 1 to 96 h after incubation periods. The
incubation terminated after 96 h of incubation. At the end
of fermentation period, the residue in the bottles were
filtered with pre-weighed filter paper, weighed after drying
4 h at 105°C and then dry matter digestibility (DMD) was
calculated. Organic matter residue was measured by
incineration (600°C for 2 h) of filter paper and filtrate and
organic matter digestibility (OMD) was calculated.

Computation of data and statistical analysis

The collected cumulative GP profiles were fitted to the
following simple exponential equation to evaluate kinetics
of GP data:

GP (ml) = A[1-exp (-k (t-LT))]
where A is the potential GP (ml), k is the rate of GP (%/h),
LT is the lag time (h) before degradation commenced,
assuming that no gas was produced for t< LT, t is the hour
since incubation.

The predictive values of cumulative GP in each time
point were obtained by summation of two single feed data
with considering their proportions in the mixture. These
predicted data were fitted to the model again and thus
predicted GP kinetics parameters were obtained. To detect
possible associative effects of the mixtures, the parameters
derived from predicted values of a mixture were compared
with their correspondent parameters derived from observed
values of mixture.

Organic matter effective degradability (OMED) was

calculated from GP parameter by using at a rumen outflow

per h of 0.02 according to FRANCE et al. (2000):

ED = S0exp(-0.02)[k/(0.02+ k)]
where k is the rate of GP (/h) and S, represents the OM
disappearance after 96 h of incubation (%).

For DMD and OMD, predicted value was calculated by
summing the digestibility from the single feedstuff
incubation with considering their proportion. Predicted
value of OMD and k were used to obtain the predicted
OMED.

All data obtained from the study were statistically
anélysed using the GLM procedure of Sas (2004) as a
randomized block design regarding cows as blocks. The
significance of difference between feeds was analyzed
with Tukey's multiple range tests. In order to determine the
associative effects, the observed values of GP parameters
and digestibility were compared with the correspondent

predicted values with pared t-test.

Results and Discussion

The chemical compositions and protein fraction of
feedstuffs are presented in Table 1.  The chemical
composition of RS used in this study was typical one, as
low content of OM, CP and NFC accompanied with high
content of NDF, ADF and ADL. However, when
compared to the Japanese feed standard table (NAaro,
2001), the CP content of RS was slightly lower. Four
sources of protein supplements contain a greater amount of
CP but were varied between 34.5% of DM for SF to 53.9%
of DM for GN. The contents of EE of all four supplements
were ranged between 6.6 to 9.4% of DM and were
considerably higher than the standard values (1.2 to 2.2%
of DM; NARo, 2001). This could be because the protein
supplements used in this study were made with a
mechanical oil extraction method in Myanmar.
KRISHNAMOORTHY et al. (1995) reported that the EE
contents of groundnut meal made with mechanical oil
extraction was higher (7.3%) than that made with a solvent
extraction method (0.0%).
supplements was generally low but SF contained
considerably greater NDF, ADF and ADL compared with
other tree supplements. The content of NFC was higher for
SB (25.3% of DM) than other supplements (18.4 t020.4%
of DM).

The contents of CP fractions of protein supplements had
a wide variation with their sources (Table 1). The CP of
SB contained the lowest A and the highest Bl fraction
among supplements. On the contrary, the CP of GN

Fiber content in protein

contained the highest A fraction among supplements. The
CP of SF and SS contained the moderate A and the
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relatively lower B1 among supplements. The content of B2
was lower for SF and GN than SB and SS. Therefore, the
degradation rate of CP with the ruminal fermentation could
be ranked as the highest in GN, the intermediate in SF and
SS, and the lowest in SB among supplements.

Table 1 Chemical composition and crude protein
fractions of experimental feedstuffs (RS: rice straw,
SB: soybean meal, SF: sunflower meal, GN:
groundnut meal, SS: sesame meal)

RS SB SF GN SS
% of dry matter

Organic matter 83.0 93.0 92.5 94.2 85.8
Crude protein 42 452 345 539 441
Ether extract 1.1 6.7 9.4 7.6 6.6

Neutral detergent fiber ~ 70.3 17.5 31.9 13.4 18.1
Acid detergent fiber 41.2 13.7 25.3 8.9 9.5
Acid detergent lignin 5.5 1.5 9.5 14 2.8
Non-fiber carbohydrate 9.5 253 19.4 204 18.4
Crude protein fraction

A 0.6 6.2 20.2 40.8 24.1
Bl 0.0 22.7 4.8 5.5 5.8
B2 1.4 14.6 6.7 6.4 12.8
B3 1.1 1.3 13 0.0 0.7
C 1.1 0.5 1.3 1.2 0.7

A: non-protein nitrogen x 6.25, B1: rapidly degradable protein,
B2: intermediately degraded protein, B3: slowly degraded protein,
C: bound protein

The gas production parameters, DMD, OMD and OMED
measured by an incubation with a single feedstuff are
presented in Table 2. The protein supplements used in this
study had generally less A, higher k and shorter LT
compared with RS. The digestibility (DMD, OMD and
OMED) was higher for SB, GN and SS than for RS but
OMD was lower for SF than for RS. Among protein
sources, A was the greatest for SB and the least for SF.
However, the k was not differed among SB, SF and GN
but differed between SF and SS. The lag time of protein
supplements did not differ among supplements. The
digestibility (DMD, OMD and OMED) of SB and GN
were higher than those of SF and SS. The digestibility was

Table 2 Gas production parameters, DMD, OMD and
OMED of individual feedstuffs (RS: rice straw, SB:
soybean meal, SF: sunflower meal, GN: groundnut
meal, SS: sesame meal) when incubated as a sole
substrate (n = 6)

similar between SB and GN, and was the least for SF
among supplements.

The highest A and digestibility for SB could be due to
the higher content of easily digestible carbohydrate (NFC).
Although A of GN was less than that of SB, the
digestibility was as high as that of SB. This could be due to
the least content of carbohydrate (NDF + NFC)
accompanied with the high soluble CP content. CONE and
VAN GELDER (1999) showed that the fermentation of a
protein-rich substrate causes less GP than carbohydrate-
rich fractions because of the binding of carbon dioxide
with ammonia. Contrarily, the lowest A and digestibility in
SF could be associated with the highest EE contents that
might interfere with a microbial attachment as well as the
highest lignin content. This result was agreed with KIRAN
and KIRASHNAMOORTHY (2007) who reported that A and
true digested OM were the lowest for SF among four
protein sources compared.

Table 3 shows GP parameters, DMD, OMD and OMED
of observed values from an actual mixture of RS and
protein supplements. There was no difference in A and LT
among four mixtures of RS and protein supplements. The k
was the highest for mixture RS + SB, but did not differ
among other three mixtures. The order of DMD and OMD
of mixtures were similar to the result from single feedstuff
incubation. However, OMED of RS + SB was significantly
higher than that of RS + GN reflecting the higher k for RS
+ SB. Other two mixtures had lower OMED compared
with the mixture RS + GN.

The predicted gas production parameters and
digestibility from the measurements of RS and protein
supplements incubated individually are shown in Table 4.
The difference in the predicted gas production parameters
and digestibility among four mixtures were similar to those
of observed values derived from actual mixture (Table 3).

A comparison was done between the observed values

and the correspondent predicted values (Table 4). When A,

Table 3 Gas production parameters, DMD, OMD and
OMED when rice straw (RS) was incubated with
protein supplements (SB: soybean meal, SF:
sunflower meal, GN: groundnut meal, SS: sesame
meal) at a proportion of 70:30 (n = 6)

RS SB SF GN SS SEM P value

RS+SB RS+SF RS+GN RS+SS SEM P value

A, ml/g OM 173° 184° 87° 126" 145 795 <0.01

k,%/h 29 95° 11.0° 92® 85 051 <0.01
LT, h 8.0° 25° 3.0° 24 25 029 <0.01
DMD, % 58.0° 787" 544 774 614 047 <0.01
OMD, % 659" 81.1° 553° 79.5*° 67.8° 047 <0.01

OMED, % 37.6° 65.6° 458 62.7% 53.0° 152 <0.01

A, ml/g OM 199 170 180 180 4.75 0.17

k,%/h 4.5° 3.8° 3.9° 3.8 0.09 0.03
LT, h 3.1 3.8 34 35 0.24 0.26
DMD, % 64.6 58.1° 644" 60.9° 034 <0.01
OMD, % 70.7* 63.4° 70.5° 662" 028 <0.01

OMED, % 47.8° 40.8° 454> 425 034 <001

A: potential gas production; k: rate of gas production; LT: lag time; DMD: in
vitro dry matter digestibility; OMD: in vifro organic matter digestibility;
OMED: organic matter effective degradability; abcd Means with the same
letter in the same raw do not differ significantly (P < 0.05)

A: potential gas production; k: rate of gas production; LT: lag time; DMD:
dry matter digestibility; OMD: organic matter digestibility; OMED: organic
matter effective degradability; abc Means with the same letter in the same
row do not differ significantly (P < 0.05)
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k and digestibility from observed values were higher and
LT was less than that from predicted values, an associative
effect could be regarded as positive. When the inverse
trend was observed, an associative effect could be regarded
as negative. The higher values of observed A were shown
for four all mixtures, although they were not statistically
differed except for RS + GN. The higher values were also
shown in the observed k for all mixtures with statistical
differences (RS + SB, RS + GN and RS + SS) or a trend
(RS + SF, P=0.08). However, there were no differences in
LT between observed and predicted values for all

mixtures.

Table 4 Predicted value from the data of rice straw
(RS) and protein supplements (SB: soybean meal,
SF: sunflower meal, GN: groundnut meal, SS:
sesame meal) incubated individually and the
comparison between observed value and predicted
value of gas production parameters, DMD, OMD
and OMED with pared t-test (n = 6)

Predicted value Comparison (P value)

RS+ RS+ RS+ RS+ RS+ RS+ RS+ RS+
SB SF GN SS SB SF GN SS

A,m/gOM 170 142 151 160 0.11 0.14 <0.01 0.14
k,%/h 41 33 3.6 35 0.02 008 <001 0.01
LT, h 29 37 34 34 076 089 1.00 0.0
DMD, % 642 569 638 59.0 020 0.11 0.10 <0.01
OMD, % 704 62.7 70.0 664 0.56 037 047 0.65
OMED, %  46.2 38.1 44.0 41.6 <0.01 0.02 0.01 <0.01

A: potential gas production; k: rate of gas production; LT: lag time; DMD:
dry matter digestibility; OMD: organic matter digestibility; OMED: organic
matter effective degradability

Although there were no difference in OMD between
observed and predicted, the OMED were significantly
higher for obsérved value four all four mixtures (Table 4).
The increases of actual mixtures in OMED were 1.6, 2.7,
1.4 and 0.9% points for RS + SB, SF, GN and SS,
respectively, which were brought by the increases in k.
The results suggested that when using reference values for
feed formulation in Myanmar ruminant production systems
based on rice straw, the protein source supplements would
be underestimation and the increase in 1 to 2% points of
digestibility should be taken into consideration from the
point of their positive associative effects

In this study, positive associative effects in mixtures of
RS and protein supplements were observed in k and
OMED. The protein supplements can provide adequate
nitrogen to the rumen microbes which are restricted growth
and activity. Although the k of SB with single feedstuff
incubation was not significantly differed with GN or SF
(Table 2), the k became the most rapid when SB was
mixed with RS (Table 3). It could be considered that the
slow CP degradation rate of SB, which was determined

with CP fraction, may be well matched to the slow rate of

RS fiber degradation in the rumen and led to the increased
OMED. The CP degradation rate of other supplements in
this study could be too fast to match to the rice straw fiber
fermentation by the rumen microbes.

SAMPATH et al. (1995) also studied the effect of
supplementation of various nitrogen sources to finger
millet straw with in vitro GP and showed that urea which
would have the most rapid CP degradation rate brought the
negative associative effects on the accumulated volume of
carly stage GP of the straw mixture. Moreover, cottonseed
meal mixture and groundnut meal supplementation made a
positive associative effect on the accumulated volume of
early stage GP of the straw mixture, however, the extent of
increase of observed value compared to the predicted value
was largely higher for the mixture of groundnut. This
could attribute to the too slow CP degradation rate of
cottonseed meal, whereas the groundnut could have a
suitable moderate rate of CP degradation to gain the
greater associative effect during the early stage of rumen
digestion. These results suggest that the CP degradation
rate of protein supplements is essential to match to the
degradation rate of the straw to obtain a maximum rate of
rice straw fermentation with a positive associative effect.

The positive associative effects on k and OMED was not
so large in this experiment. This was similar to the report
by SAMPATH et al. (1995) who found that in vitro DMD of
finger millet straw were increased 1.1 and 1.7% points for
groundnut meal and cottonseed meal supplementation,
respectively. However, in vivo DMD and OMD of rice
straw were increased from 3.0% to 7.0% points by soybean
meal, groundnut meal and sesame meal supplementation
(TIN NGWE, 1990), which was slightly higher than the
values in this study. A possible factor attributing to the less
positive associative effect on k and OMED was the high
EE contents in the protein supplements used in this study.
A high EE content of the diet inhibits the ruminal
microbial activity. The content of EE greater than 6.0% of
DM for all protein supplements could partially cancel a
potential extent of positive associative effect. A
methodology of in vitro GP incubation using nitrogen-rich
medium can be an alternative reason as suggested by
DRYHURST and WooD (1997).

It was concluded that the protein degradation rate of oil
cake produced in Myanmar affected the extent of positive
associative effect on the rate of RS fermentation. Rice
straw can be fermented more rapidly in the rumen when
supplemented with SB compared with SF, GN and SS.
However, the increase of OMED due to a positive
associative effect was only 1 to 3% regardless protein

source.
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Abstract

A nutrient contents of meats, internal organs, and antlers,
that were collected from wild Yeso sika deer (Cervus
nippon yesoensis) were analyzed for utilizing as a dog
food. The crude protein contents of meats and internal
organs were rich (60.0-76.4%DM). The gross energy
contents of them were similar or relatively higher than
those of meat of red deer (Cervus elaphus) and the internal
organs of cattle and pigs. Mineral contents were different
depending on the raw materials. The antlers were very
rich in minerals. The meats and internal organs contained
more phosphorus and potassium than other elements.
Livers were rich in copper. The nutrient contents of the
dog foods were too much or too little to the requirements
of dogs, while it was suggested that the dog foods made of
Yeso sika deer could be available as rewards, snacks and

supplements during stages such as growing, pregnant and




MHE kX M5 EE-£H@

lactating periods, in addition to the daily basal diets.
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Table 1
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sika deer (Cervus nippon yesoensis)

Feed composition and energy contents in the dog foods and the antlers made of wild Yeso

Moisture Crude Protein Crude Fat Crude Ash Gross energy
% %DM kcal/keDM
meats
dried meat Dog-life 96 617 9.7 44 5210
salami Dog-life 72 449 15.7 4.1 5,754
dried meat Shiretoko farm 87 746 179 48 6,188
dried seasoning  Dog-ife 6.6 589 120 4.3 5,621
average 80 60.0 138 44 5,693
internal organs
heart Dog-life 9.0 59.7 9.9 52 5,341
heart Shiretoko farm 9.7 834 6.5 5.1 5,050
liver Dog-life 129 509 148 4.7 5,568
liver salami Dog-life 90 318 43 49 4934
liver Shiretoko farm 120 67.8 1.7 53 5477
lungs Dog-life 95 614 6.9 45 5,204
lungs Shiretoko farm 82 80.7 10.6 57 5,643
average 10.0 622 9.2 5.1 5317
other organs
Achiles” tendon  Dog-life 14.2 73.1 52 20 4,720
penis Dog-life 14.2 69.2 19 28 5,350
hooves Dog-fife 106 706 1.0 09 5537
ears Dog-life 114 928 40 23 5,406
average 126 764 30 20 5,253
antlers
cut Shiretoko farm 72 26.1 0.3 63.7 2,015
cut Antler processor 74 259 04 636 1,889
fallen Antler processor 6.8 264 0.2 63.8 1,885
average 7.1 26.1 03 63.7 1,930
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Uz A (10, 727Tmg/kgDM) &8 (GEH5, 1999) &3
PL T, ZhsORTRIEOEE, TOMDBRE
3o . O FFiR. IS oWRICiE—#ic
B EENDZENE, NiEHEE YT T7—F0
SEBIIFE52Tmeg/keDMTH U, A (322mg/kgDM)

& FHW T BT OER

REDOMDEEHKD Fv 7 —F (366mg/kgDM)
WHARTED o k. RHREY T 7 — RO &N
fRESE Ry 77— REDBDIRNBDD, Koy
PARTY VAHCBIIBHROSEE (162, 1828 K
Ur223mg/kgDM) (1R 5, 2001 ; &5, 1999 5 M4
5, 2004) HITTH (24~92mg/kgDM) KD HE
WETHREREZEZAADEDE, T VHEFKRY T
T— RESHZEEICEDENE D, BERTIRBIUR
@k Ry 77—k (20568 XU166meg/kgDM) 12,
WA (73~13Tmg/kgDM) ICEZ<BFENTWE, &
RELT, TV HHEKRRY T T7—-RIZ@ T HI A,
D, 75 DR N (FET H A RSFERER S, 2000)
WWHRTHIN S TA, T RUT A, $hBLUHERNE
SEENTWE, LAL, ANV ITABRBIIBEROE
K& (4, 000mg/kgDM) 1E £ £ < 7225 7= (NRC, 2006) .
BADIRINEEBICBNT, WV U AREY
218, 646mg/kgDM (21.9% DM). U 13F#H102, 797
mg/kgDM (10. 3% DM). #kidF19644mg/kgDM &2 <
BENTWE, YALEAZRETS L SREEITE
BH LN, BADBEITADMRITEEZh>7z. T
NEBACEENLMBENELAI D BUAICEEE
LTWEZENRREEZEZ O NS, BADIRIIE
BNS., REHSCERY, A% I RIIIVERE

Table 2 Mineral contents in the dog foods and the antlers made of wild Yeso sika deer (Cervus nippon

yesoensis) (mg/kgDM)

Ca P Mg K Na Cu Fe Mn Zn
meats
dried meat Dog-life 1,881 7,633 996 12,611 2,102 125 841 357 225
salami Dog-life 1,832 5,280 647 8,728 6,250 45 127 220 132
dried meat Shiretoko farm 876 6,791 876 9,748 1,205 82 173 545 245
dried seasoning Dog-life 1,713 7,066 857 11,349 2,463 6.4 148 19.0 219
average 1,575 6,693 844 10,609 3,005 7.9 322 328 205
internal organs
heart Dog-life 1,978 9,121 989 11,868 3,077 207 509 212 91
heart Shiretoko farm 997 9,302 886 10,188 2,326 214 719 116.1 174
liver _ Dog-ife 804 11,825 689 8,496 2,755 1373 697 36.5 155
liver salami Dog-life 879 7,582 549 6,264 4,505 729 481 456 54
liver Shiretoko farm 909 12,273 568 8,636 1,932 1206 352 65.1 475
lungs Dog-life 1,989 8,398 442 8,287 5,304 95 76 34.7 83
lungs Shiretoko farm 1,198 11,220 654 8824 4,466 83 856 2179 130
average 1,251 9,960 682 8,938 3481 558 527 76.7 166
other organs
Achiles” tendon  Dog-life 2,564 1,632 350 2,331 4,662 56 480 141.1 57
penis Dog-life 1,748 2,448 350 4,312 5328 17.1 572 0.0 55
hooves Dog-life 1,678 895 224 895 1,342 35 212 272 109
ears Dog-life 2,370 1,242 564 3,047 3,386 47 201 217 30
average 2,090 1,554 372 2,646 3,804 77 366 490 63
antlers
cut Shiretoko farm 215517 103,125 5,603 647 5496 - - - -
cut Antler processor 207,232 104,013 5612 629 5,560 3.3 835 539 98
fallen Antler processor 233,189 101,255 5,543 786 5,400 28 453 410 99
average 218646 102,797 5,586 687 5,485 3.1 644 474 98
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Expression of endotoxin receptors in theca cells during follicular development
in bovine ovary
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Abstract

In cows, postpartum uterine infection due to bacteria that
produce lipopolysaccharide (LPS) or peptidoglycan (PGN)
leads to ovarian dysfunction. The LPS and PGN, which is
a component of gram-negative or gram-positive bacterial
walls, respectively, is increased in the plasma of cows with
uterine infection. A recent study has reported that there is a
relationship between uterine infection, endotoxin
production and resumption of postpartum ovarian activity.
The aim of this study is to examine the expression of LPS
(TLR4 and CD14) and PGN (TLR2 and NOD2) receptors
in theca cells that are an important cell for steroid
production. Expression of 7LR4, CDI4 and NOD2 mRNA
in theca cells increased as the follicles grew. 7LR2 mRNA
expression in theca cells of EID follicles was high
compared with other follicle stages. LH stimulated
progesterone production and inhibited the expression of
NOD2 mRNA in cultured theca cells. Our data
demonstrated that susceptibility to LPS or PGN in theca
cells depends on the follicle developmental stage. Thus,
LPS and PGN may be associated with ovarian dysfunction

in cow with uterine infection.
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DETORIBZENRMENTNS, FENBERIIE
EHEOBDEED D EAFOSEILENBEL THS
L HEEL X T W % [Kasimanickam et al., 2004]. FEN
R 2 RE L FAFOBHEEEEG SR ITERO—
DELTHRINTWADN, VI ABREHEBLIU
75 LBHED S I N DERERES TH D, &
S AREMENSIZURRUT Y T4 RAPS), &7
Z LBHEN SIERTF KT Y 7> (PGN) RlfE, )
Hahb, LPSIZ. ZOHEEZFET DI LT
Lo T, AENTHL OHEZ25ERI L. BIEHR
EEERZBITIELHDNFHETHS Muetal,
2001]., FEWNEL 2B =24 ORI+ [Mateus
et al., 2003] B X IR fEHE T [Sheldon et al., 2002] 12 B0
TIPSR I N TS, LENST. FENELD
FIEICET 2 MERN S RSN D NERN, BHEE
EEFERIL TS EHERINS, LOLENS,
LPSHB X U'PGNWHE D RIEIR B IC 5 X 2 B Z AL
ULEFEMIZEEAERN,

LPS®PGNZS, HfEIc &2 KT IT20I10E TN
5DZEEMEMMICEREL TWiiThiIz sk
VW, LPSDZAAKIZIZITLRA. CD14B L UMD2D 3 D
DHFNRBETH D, BEEIZMHEET SCDI4ZIMH D
HEBELPS & &k 2 MR L. CD14-LPSE SN IEE &
B2 RARDTLRACEE ST B Z & TLPSHIEASHFE A
NEEEEND, MD2IECDI4ETLRADKE S 2 /BT
% [Cohen, 20021, —75. PTG BRI MIfEE LI
T HTLR2 & M IZEFE T ANOD1H K T'NOD?2
ENUTCEBEIND, b hOTFENEMALRETITHEMET
BRI S BT NT TILRAD KB BRI T B Z &8
bHh o T3 [Hirata et al.,, 2007],

HABYIC BT 5 FEE O IR E L, K TEL
—TFHEEKICE>THBEENTNS, HEEDBITEED
WO Pz AT O VREMET TS & 20N S
R N=HE T — FTERAERMERICRD., 208
. ERFEEAIVE S RERIVE > (GnRH) 2
Wi E N, ZHICHR L TFERED 5 OBEE KRR
WVEY LH) O7OV ARG DBEENHEINT 5, IR
TIILHD 7OV 2RI R U THR iR T D (R &
NdEEDIC. BEDIXA NI DF—IDNERIND
[Ginther et al., 1997], TOITA M T VA —)VIIREIN
farr oI ICER I NS R PIC b X
N5, FITIMERPICER LA N 524 —)Ud,
YR DR E RIS THEINT 5 2 &B8H5NTNWS
[Henderson et al., 19821,

LPSE K U'PGNDOZ AN > DAFESRE, &<
WWHIBIZHEDL D TWENEI NEARHTH B, 2
T, RARTEIENIIEO X701 REIVE ERR
AL TH DIRfaBEMILICEE U, IR 2R & BB R
SEL, TNEFNOIEMEOLPSZ A KB LU
PGNZAR OB L FREABEZ RN Uiz, YRR

Bk - #P T - Bk &

DATFOA RiFIVEVEEAR. TEREDSMWENDS
BRIV ES CUFLH) OERAZ#®RSZIT5. &
OISR ENS, APFFETIIIINED S HEEL 7=
FEMIRICLHZ LI U, LPSZAAEB L UPGNZEMAD
MRNAFHEEEIC RITITLHOEEIC DWW THIREEL
7zo

MHEELVHE
A RALEE (tiREEE AT T HEEMREUEE)
TEBEINFERINATA U REFBLIURRESFLID
ERELL /- O 2 SRR U 7=, IRAE A & DRAEH % BREY
L. SO ES 25H8IL. UFICRTEERICS T
IO EREEH L 7= [Murasawa et al., 2005],
HER : y=12.96x** (y=IPfEERE (mm).
x=JIfEROES (g)

ISR N ST A N T VA —)b (E2) BLUT O
VrAFor (P EHHEL. 2 F4KE (Enzyme
Immuno Assay, EIA) IZ & D E2B K UPAREDHEIEZE L
7o 2HIKIEIZARHEE TN LZH K TITR> &
[Miyamoto et al., 1992], SR DX 50O RRILE
COWEED &I, JIREEE2ZRINE (EID, E2/P4<
1). HE2AIIME (EAD, E2/P4= 1), BREITH
HREE T ORTPEIIIIE (POF, E2/P4= 1) [T L
(F 1), BREEMEOINIEN S INEMAR 2L
Fro BFEBFEBEOINfEN S IR 2RI L /=,

Table 1. Follicle diameter, the concentration of
estradiol (E2) and progesterone (P4), and ration of
E2/P4 at different developmental stages in bovine
ovary.

EID EAD POF
Follicle diameter (mm) 14.7+04 14.1+0.8 156.0%+1.1
E2 conc. (ng/ml) 13.0+6.52 454+213b  214.3+48.7¢
P4 conc. (ng/ml) 42.4+12.6 12.3+4.0 11.0%+4.3
E2/P4 0.4+0.22 45+2.80 23.8:5.6°

Different superscripts indicate significant difference (p < 0.05).

BRI W IR OFREIE. BRI L = 0pfE %
Digestion Mixture buffer (2mg collagenase, 1mg
hyaluronidase, 1mg proteaseoe, 0.4% Bovine Serum
Albumin /4 ml PBS) {Z¥&E S W, 37°CTH0— 6040
R U7, %0, DMEM/FI1285# (GIBCO) IZNaHCO3

(2. 2g/ml) , Streptmycin (0. Img/1) , B & U'Kanamyein
0. Img/D) %¥ERREL 7= WashinglER & MA, 57 B
BICEEZRELZ, £ D%, Redblood lysis buffer
(0. 01M Tris~HCI, 8. 4mg/ml NHAC] pHS. 0) & Il1Z &
ML 24T o7z, EFMAEKIE RN T —3E
%, MmEREIEEZANTEHLZ,
AREBRTIIEMBEMEL T1 %FCSEEA L
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Table 2. Sequences for target gene primers.

Gene Primer sequence

Size(bp) Aneal(°C)

LPS receptor

TLR-4 Forward: 5-CTT GCG TAC AGG TTG TTC CTA A-3' 153 56
Reverse: 5-CTG GGA AGC TGG AGA AGT TAT G-3'

CD14 Forward: 5-GGG TAC TCT CTG CTC AAG GAA C-3' 199 56
Reverse: 5-CTT GGG CAA TGT TCA GCA C-3'

MD2 Forward: 5-GGG AAG CCG TGG AAT ACT CTAT-3' 204 54

Reverse: 5-CCC CTG AAG GAG AAT TGT ATT G-3'

PGN receptor

TLR2 Forward: 5-GCT CCT GTG ACT TCC TGT CC-3' 501 54
Reverse: 5-CCG AAA GCA CAA AGA GGT T-3'

NOD1 Forward: §'-CAT CCT TCT CCC ACC TCT CA-3' 179 58
Reverse: 5-TCG TTG CTG AAG TTG ACC AG-3'

NOD2 Forward: 5'-CCC AAC TTT GCC ATC AAC TT-3' 236 58

Reverse: 5'-GTG GAC GAA CCA CTC AAC CT-3'

Other

GAPDH Forward: 5'-CTC TCA AGG GCA TTC TAG GC-3' 120 58
Reverse: 5-TGA GAA AGT CGT TGA GG-3'

DMEM/F1285 2 Fl W /oo Twell47= 0 1 X 10 D
IR 2B L (12well 7 L — b)), 24RO BIEL
B8, Swelll 0ng/mld 5 1132, Sng/mIDLHZ 4L
HU., I6RFIEERTT o /2. BT 4SMEHI B &= 1T
fTo7z. B2 LU -MHZIX. Trizol (Invitrogen) IZiAfR
L. B85 2RNAMHBE T80 CTHREL /=, BEEL
M IV ESREEZTHET-0CTHREL .
N OfE OFE M OfE 2 SmRNAZ 1 H L. Reverse
Transcription (HEEE) ICXKDDNAGRKET . &
& HPCRIZSYBR Green PCR Master Mix (Qiagen) %
AW, iQ5 cycler (BIORAD) TfTo 7. PCRDKIGS
13, 95 C T10 43 [ (denature) 2. 95 C TL0 B R4
(denature) . FRTFTHRE LT Z—IBETI0 #FH
(annealing) . B X UT2 CT20 B[ (extension) %50
YA 7 INVTo 7. BRERRR S H7130. 1 °C/sec. TT0C
M55 CETHEEZ BT T, 20 C/min. THCE
TRF=%, 30 BREHBAL 2. BRICAVWESETO
754 —EHIIE 2 IR L. TN ETNDOMRNASE
I EAZLER T TH SGAPDHE DE|G TR LU 7z,
ZmRNAFE B B 13 TN F N DGAPDHOmMRNAFE B &
THIEL 7 EZmean+=SEM TR, &5 —FI3#
DL EBREIZ L D —TCEED MBI Z2fTo 2
#%. Tukey-KrameriEd 5 WIEIAF 1 —F > MtIRE %

AWTHEBREDRERITO .
BEREBLUER
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Figurel. Expression of (A) TLR4.(B) CD14 and
(C) MD2 mRNA in follicles at different
developmental stages in bovine ovary. Different
superscripts (a,b) within columns indicate p < 0.05.
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Figure 2. Expression of (A) TLR2 and (B) NOD2
mRNA in follicles at different developmental stages
in bovine ovary. Different superscripts (a,b) within
columns indicate p < 0.05.
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Figure 3. Effect of LH on expression of TLR4(A).
CD14(B) and NOD2(C) mRNA in theca cells from
bovine large follicles.
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Figure 4. Effect of LH on progesterone production in
theca cells from bovine large follicles. Different
superscripts (a,b) within columns indicate p < 0.05.
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BB DONTHRNZ, IVMEH#OAIZ S5, 50 UM A
FT7IVERMUZE. WEEAEANORAERIZER
ZEWRAS TN, £z, IVM/IVCR A DRFHILZ &
AFTIVES UMEBEMT 5 2 & T, WEREKEAD
FAERNERMX KR TERICHEMLU 2, k.
TEH U 7= RS2 IR O SRR SE QM) &R SR
¥ (TE) O#ifukzaHHIL, 2Mfask (TCN) LDk
BEFNZEZAH, VATT I URIVMEHOS,. B
KON IVM/IVCHE B #IZ IR In L 2 %6, ICM/TCNLE
333, 1% BLU33. 6% &72 0, ERMX ELELT
BEWCEL 2o/, LLEDHERMN S, IVM/IVCH DM
BEHIZ5 uMD Y AT T I VEHRMT S ZEITEXD,
et A b L R 2B L TICMAli g o Fl & Atmna T &
R R BB 2 SR &k < MEH T E DRI REE MR E
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S8 201241 A25H
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T IR 2 AR EEICLDIEHT 5201
13, BPIALER LS B Sl OD AR R ENDR R e 2 BRE L AR A AR
2 (in vitro maturation ; IVM) . fR54328E  (in vitro
fertilization ; IVF) . &S\ F8 45528 (in vitro culture ; TVC)
DEEVNNETH D, BE. ZHEINBEIZERNT. 5
HOERATH ORI TRAE U R R &
N3, 7OBFERUBECUNENEEDLDICINSE
FEFEMIZEE SR> TS, £ b hOREBED
e BB W T DY IR MR S Ar R
ELUTHEBETHWSN, BESBF ORISR LIS
ERFIZBNTY AT OENEERTIHNERT R
R E /2> TN,

WIEROREERICBNWT, BRERIV—-FDH
JVAE D BB LB TEE ORI KT TIERANEE
TN TS (Goto et al., 1993), HIAIEM ZHEH T D8
2. EERROSHIGENEBESE (W5%) T L.
BEANWSNDR20%EBRBERERME LHKBRLUTH
ERQE LN, Z< OHATHRE THREEINTNDS
(McKiernan et al., 1990, Jianming et al., 1993). % 7z,
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EOBTWEORMPERECEN TH D EbWE
INTWS (Noda et al., 1991, Z D& D IiEMERERES
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AU, HIEOY 2N BOKBRICER:, MEBARES
B2EZ BT ERHSENTNS (Mello et al., 1984, Liu er
al., 2000),
INSDOBILA P LA E DB ENOELELIRR
£T 35720, IVMEMADOBTIERZ2E DS FF
F= IV OWMBHFEEERESELSFEELT, HY
THD Matos et al., 1996) . K7 TFF 3 — )L DEME.
EBRREERG T THEEBREET TORAERITILH
THREROM EHREZRT ZLEPBDLNTNDS
(Oyamada et al., 2004), F7z. 6 — S8 HifuHIFE TIVC
BEIZED TF A= 2HFMT 2 2 & T BENKE
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BB EARE XN TS, B-MERZBIEWREE
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AFT 2 ERIVMEBHICIRINT 5 2 & TRAERNKE
XN ENHE XN TV S (Balasubramanian ef al.,
2007), AL T RO RERRKICAKEBEET
BEMANLVAICEBLT, B THE2IATT 2
> DA QTN DWW THREI L. 7 S FIHIRR
I RETEEIC DN THN .

ZESE SN P

SRR OERT. WS OHEITE TN TITS
7= (Abe et al., 2005),

AR FAUN REAT AT D BREX & AR S Rl B E &
(in vitro maturation ; IVM)

RANEIGHRD Y IR (REME) 13 0.85%
AR A D IKEIC AN 4 CZEHEE 3050 LRI
BIZHEBR- /2, 7B, 4TCIIINEEES LT
TR, JRER DRIRREFIIEIN SR A I EN
BNEDOHEND D (Lucci ef al., 2004), IIRITIER
D0.85% 4 B & 3 /K T8 E Uk % 2. 18GHE 5 &t

(TERUMO. Tokyo. Japan) {f10mli£44f& (TERUMO)
THEEK 2 ~ 8mmDIPfas 5 I Tl — IR A i 18
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M3IBLLEERL =COCsEEF L. >FaX—FH
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fNBO# (Brackett and Oliphant, 1975) % 10mliNZ 700G,
SHMITELLZ. EEEBREL. ZOBRELHER
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£ W/ T ITIVMEZ DCOCs 2 10— 20f# 37 D A 1 7z,
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RS FEERERE (in vitro culture 5 IVC)
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TritonX-100 (FIYEAIZE T2, Osaka. Japan) ¥RIIPBS
(D300 IO PTATAFTY A R ((PD
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