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P SRR R 77, N F R ERE 14 52 B2 IR 1 5
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2. SENIEHE A O IFEHEK, Faimill &S

PN OB ARG R, R AL X\ E R 5730E# A 0 (16—59 %) 1982 4£24 55. 5%,
1990 £ INFH 62. 8%, 2000 4 L F+F) 67. 2% FEE N CHAERK N, AN D kb f57 558
BN TG, TRE 2020 4F 5 B AR Ll X 155 AE R N R BRI 70%, &R S7EN A LR 200
Ji, 2050 K BTHE] TA%EL AR . S ANER N O KIERE B TF, TESUTRIA M) E K ey X
RO B — SR . MIAERFE R oy =P R T R R X, AL e A
e, KT E R E T .
3. ZHE AOLLEXIBEM, HSFERERIEIR

1982 58 IR N &R, TR FEHILX 65 F UL EZE N HEN 3.0%, 1990 F5 14K
NI H A Bl X 65 % DL _EZ4E N TR EE T3 3. 3%, 2000 5258 FL ik 4 [ % 2,
TEBPEHLIX 65 £ L EZENEE EFHE] 4. 3%, 2010 SFEHANKANCSGE, FHAprgiglx
65 & DA 29 N GBI 6%, X EIRE 7 5 il AR i N 2 ittt 2z . I E BT A
PR RS, 2020 7 E P EfiiX 65 & L 2 N EEHE T 10%, 2050 FKHT 20%. 7EH
L XEFARIE. MBS 2. NRAETEKFAREIREL T, ER5HhITBUFEEHEKR
— W T TR RIR AR, 1 T BN AR A R0 R R L DX BUR SR UL, 4R AR
&, fRRFFELRIE .t ORIEHOR 2 A5 5.
4. NOWmHEEmR, Fahmil. 5. 8. HLFRESFEAmX

WA 220 R R, N D & o 2 SR I R AN T G i a3 . (E R R R
(1 fE T DX, 7 B AR g L DX A T A AR R RE AN AT S . 1958 7 B Mk VR X or iy, W il
L DX AN VAR 5% SO TF I BASK, 7 B A g 3 Ll X 3 B R AE IR . 1982 4R35 = IR A\ [
M AT, o S L DX AR 1 THR 12, 5%, 2000 4F 55 RN 3 A B AR N L BT 20. 2%,
2009 4 gL X A T ELEE b FH 21 25. 5%, TRE 2020 455 R L XN I 988 35%, 2050
A ETEE 50% /A . IREE N R ORIE FERG I, AR T BRAAE 5 . TS A B A ORI P kg
O, RN CRRIR BRI, AR A RbE . Sl BT AR SCHEE . K
pliibet T a) A ) 1PN

M. TEHREIBLXEFRMS AOATHFE L RINEEXR
(=) FERIZFEN, KORKRRFBEMBRL

L. RHE, KRITAEI PR Y. TR PR LIX, DAUREBAR T4, [
M, EANA, EAMNAR, B EEE TR XER, KRR FRET. BT FF
ZE AN, GRS RTIARME SR 10 H 28, AP AE LR RURAEYD, DL IR 255
Ao BURN MO AT INAR RS H [, VLT RO 3 0, 51 SRR M, &1,
AW INZE RN .

2. RATRIERr A DAURGEA LXK SCBrfE O, B LA, KR EE & S
Fren s Aol KIS REIR . 2RI, 519 RRRM A, KAKRBEIRF. FRFE FRR.
TR EETREENY, CAFRFEML AN TSR . fE H TS A7 KR4 I, RATR RS, |
FRM. AW MR R, KRR R, ERENELEZRIE. ARl E
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el X, KA RERMB . M, KREEHIRHEL.

3. GRBHBBHAM. BBHEE, WEAS. WMEMY. £ ETRHURNTREELX, Bizgks:
SATIRFHEM . IBPHERERIEER. RHERPE 1 with, EZHME 100 T, 8 N R s 77, UK
AR WE M.

4. KIVR RN #t— Bk FIRBAE BRI KA ZE EREKE . L EKAEL ST
PN E R GRS R BEUR, K ITR R At LRI A il R ARSIk
& LR RIBCEER, 5] 2 M R AR, S 2 AR RITIMR SR, W1 B8 2 (i 2 il
KWL CHR T -

(Z) MRk TIEER, MERATFRHRIRR

L JRRIF TR BRI TR . MR AL 7 B rh PP 50 2 20 B, fERMIRE K s,
B FT LAASE Pt (] — 2 DA (0 - e 45 CATREIBE , MRRAS i ke B2 m g 0 Ly DX DR TR oK 11 [
SCAT AR KA 36 22 0 re, sl 8 Br R e, SR, MR N ol S8R AR TR S0 2R
FR BRI TR PG SR VDB A SR, A7 R IR B R RAL o R B R AR LI,
ST TR IR TR .

2. PLE/NKEES RS ETE PRI, A2 R AORIMREN, E R b7 BUN R
RN, AT DA VR 2 R Y sl /N K P o S 87K P50 T 3 R PR o R 3 L DR BRRAid, BET A
RN TR UK I, SCRT DA Hemh R e e A, SERT LABI A 2 5. AR XN RBUR
s e R AR L XN K L AN KRBT BT, BEEARIE, MEANKEE . VKR, AR L IXCRE R .

3. AREEINKSI MK TRE. fE Btited-b. U HERB M EEZK TR, Hlk#E 7 ERKE
DrRlas . L AUas . ARG . HHKERER KR ERIAUR /N, Zaa#E AR . @i JBUT 4k
BnRELHE, BREEEZK TR, A5 R FE P R 22— R AR
FFUATRKGERE, MARAS b oA v g o L D™ B ROk RO SEEGIERT, RELH 7K, &
P B L DX AR B PR T et vl EAMARAS A5 DA R Ao o

(=) HTMEBER, MABESIENE, mMRER=. ==

LRV EBOR, oI 2Rk TR Pl X R = =k, SRBEE. BECR,
RN o BT BUR AT LA E P BB, o A2 il D10 A AR SBT3 [ P A2 7o A ORA3EE
Bk K.

2. LTV PE R G ARIX . H AT R B L DA B DS T Tk, HoAth 5% Bl i
STV R EREE BT R IX, 15 ax ERE DRl R RS AR AN P Rl 1L X 4 B X E 2
USRS B, BT RIX B, SIEE, AT, se0 A EE S X0 R AR
B KIDPREGEHIMI KL, B 7oAk Brok. Breeblsh, @narbiR A2k, Eh
KITHR A Tl BRI Tk I8 AR R 2 5 DR RN P EARRI/ANIN L /Ml
MBS, ARSI TG, BRI KRR, 5 EH.

3. MNPRIAEALEERE, KPR =k, Frgafili X bt A fetg . 55 ol PR X i) 5 225 ]
FETH =N PHEAR . ZINPR F L X AP Rk e, AU IR RS, K
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PRAERURE, SEAIREE N 1, RO RS =l WERTEIRIG . BUORIE . M. 25, &2
Wiak . FEEM. RS FHRIRMS AT, THRRVEAER R, KR+ i
=R, R T AR AN, S0 T B, O T N R AR, et T
SUFRIR R

(M) #FERADEK, REAORR, REAONTRELR
1. MERSESLHE, MFEFHNADAHRELRIME

(1) LA A G B N AT R A R TR 3 5 RPN L o T B B L XA N 1T 1), AMY
SR RAS A B ], W BN N DR RO R R R . PRI, 7 2 R AR L XA N
BRI, L% R R R L XN DL 5. #E . By, 0. RERE. e iriESg—
RBNSKR A, T S A A G R R N AT S SR I R S 5 PN o PR af Ll DN VAT RFER A JE
AR AR RIS T2, SATHFH I, LIPS i edt i, st msg iR RN, 4k 2 72
B, SEBAE SRR AL .

(2) #—PERNDERAYR, BSITAESERISA . #E—P T AD ST H
RIS, I AR (X)) NDARMEE. His. wHAE TIERMESSE, LA0H WK
Hir. Ui, SFLTHERZEN ERESE, K. £%; EARESHE, 40, f#ivr, MEk
HRZE, WOR. HIEMADRHRIAES TERHR. AR5, B0 X & RBUF RIS P,

(3) BUE HRSUEB G N A, BB HARSUEB PG HLE] . 1 XN DAITHRIZE B AR TTE
FRAPA N A LR —, BT B, AENM AN DA RIEE TR RITRE, A2
BRI A BN A . AN, R 1AL N DM R4 B f8hm LAk, AT i
TRl XFHE L S FEETN . NTRBIT RS R . BRI R T BUFE 51 LA,
ENAZE ALK FE . NKAR BUhZ R B TUrCk. EFEILSE, B2
R ERNIHGETT . W .

2 RfLEA, NERA, #—LREREBEKE

(1) ZREEMERRANSE B IUAT N DBOK, 3t PREMAET K. PRl XAEFTK & A
PG bR, 5 R PR R B T M AT IUAT BN TIOR8 2022 B TR MR AR RO AR, “ B e
“TRILBIE” KIS E, FERAEILTARK, DETA=MG. WGEE TS REIALE. K
U, FE2FFERERTERRRILX, DA ATIAT I DBOE, FgeE, AR F K.

(2) g efeg A TR RIA R S LA RER R R AL X k8K T HERT
AEPE TRE, XTI SECRMERA LT . =IRIRE. i/ SO A 7 2GR,
GTEY, HPfe b5, sl e TR XL s A R A T AL A
WA TR . IRRE R A S REEHIEE, SRS 7207 2l P MNR A TR Z RIS
B, DABINITRZ R T e, BE 2] 60 25, EZREGMATRE I B IR 2 €.
AT AR, ATUASRRTHEANAR RS BE, DA SARATT JE B -

(3) s AN AT ERS M SR i, #esB RS R. FRELXKILRAR, &
WA, SR, MYEZEBIRET. FEETHRIZET RS TIERmsE SN, A H THENG
AR H R . Rk, atinsE N DRI A M i, RSO IR, #hFE AR,

51



nsE AN DA RIZE B E BB et EAW SR RIZE T E RS AR, RIS, il
SRS TAE.
3. R &RIEHE, EEIESAOERR

(1) KIpkJELRTT PAESN, AR A R RS WA PRl X BRI E, KR
JEAES L RATTIROMRRIHZ), KIREIEI. BEIWERIIE D RIEX—SLPRiE oL, i
WX, EHEERST DAEFND A E GRAE 2 M B R b 2P RpaE, MR DAE, 220
AUESL BARE, J14 ) RARRBEANREA R, AR 28, KA B, ASEriE e 1w i
1 DXAR BEHEAR IR B A AT

@) KAk ES L, migm N DRREEUEERR. T2 PRl X2 SRR 2
JIHE, AHFARRAS R R 2 — AR RS R B, sz Toldifg. SRl X3 A 1
AR — KN REBE R, A m g alil KR R AR B SR . —2 k8K
e SV S5 HH » PTATIE0S) LIE AU 26 5 S2 JLAE ) LS 3R R AR T g,
BB FAFEKAINERTE. 2R kmh s, EEZHLX & TR EZ s #E, XX
MICUERGE, KERZEEA L, Figk ERY, ERINIT L, Amh e, el ik
Ao RPN RER I, 4245 5 LUR I SR 22 ST HdR . KIREE . i, =A%
BREROR, AL 40 B VLT LM RS, =i, BT Mmss, En AL THL. b, X
PSR AR OB B . AR IOLES . I AULE T RIARRAEARII F, RAA A& MR iee, 4 e
A AERFAAT o

(3) noik ARSI T RE S, AWrfe s A N TR RER B FET R AL XK, 4K
HR BB T, BA A SRS, SATIS AT A, BEATEE . oA L S DR fi
JInsi 2R SR TR RE S e ¥, U oA B AR BR S R BT B0 BB LYE AR I . RIS, ERNE
DA LR S, BT RN G, (i 22O AR IR 55, AN it A N D R R T

(4) InsRBAREEAE BEHEE, e AOREBBEERR. AhralX, AN
MEGRRIEAT 6, /N2 s BATEE A B AVEAR AR, Inse bR N ARt 700 1 )
PHEECE , ATIANEE RN ZAE . AZ AR ROEZRKHE, EEZRMM, B CEHR
RAUFHEME BT AT D EPAEAEE SR, AWt T D B EEER .
4. GEXENALXRE, SISAOBFIRSAERD

(1) RATR T 555 M oRAR F 2 55 3 0 1)l e M F mh e s L X R Ak e 2 18] LA 22 1
AR, BHBUF. 5755 h S AR 255 S5 . SEBIERT, 55 55 A AT TR A R
N BRAESE . A RIS . RBORIER T S IRIILSS, AR, Wil | 2R, {5 sT &
IR, HIE R 2 AR D73 0, BEAT DAEER R IR BB AR 2 Bl SUnT AR AR I 57 3 T3 AN
AR i BT DAAT AR R R T L XA 57 3 g A A [ T

(2) INPRIGEALIERE, 51 IR A P& 3. gl X SR LU AR, E4 )5
JUH4E, ARl X AR R AL AU BUE AR FeA s, NP2t AE . ZOEI AL, CREOE
R REE. BRI VS U g AE R IR A D73k e RBESE 28 A, 1B
SRR, RAA BRI E AR R,

(3 InPRAE S RAPAR, ARG XN S 7)o 7 B A R ARl XL R R S 7™ B FRakoK
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PG EIPNRAEENREERMX 2 —. N THREMAN DB, SBAOWTREAE, TR
RS LU X ROZ GRS K ) SRAT A S I il B O A, M 3T 8, K AT & 261 20—40 BRI,
FREEE AP AL 51 B X, BRI XN EE Ay, SCATRUINER “ 377 TRERI i, SKBlb
JIDKAMLX, AT X, A2kl IR SRR SR ST RR 8k R

SE

(2009 TE UL 599 01, FESFHREE, 2009 4F 12 H HAR.

(2009 THE SIS 23 01, FESFH R, 2009 4F 12 H HAR.

(2009 TE SIS 527 01, FESFH RS, 2009 4F 12 A HAR.

FIEMF (2009 7 B BUF LAEHRE) 2010 4 2 H 3 HTFE HIRE 2 .

(2009 TE SIS B 71 00, P ESH R, 2009 4F 12 A HAR.

BXRE (BUF TR 2010 4E 3 H 6 H AR HIRE 2 k.

(2009 TE ML) 225 01, HEGH R, 2009 4E 12 H HARG.

(2009 TE ML) 225 01, HEGH R, 2009 4E 12 H HAR.

(2009 TEGIFHELE) 369 01, HESFH A, 2009 4 12 H HAR.

(2009 TEGIFHELED) 94 0, FEGFH A, 2009 4 12 H HAR.

(2009 TEGIFFELE) 103 51, FESH L, 2009 5 12 H HARG

(2009 TEGIFHESED) 599 01, HFEGEH A, 2009 4 12 H HAR.

(A 1% NS —— T E %) 5 128 51, FEG TR, 2006 4F 12 A HAR.
(AE SN RS —— T B ) 5231 1, HESH R, 2006 4E 12 H H .
R EAEXIRIAEE TAESW ERHE. 752 HHik 2009 4 12 A 25 HE 2 k.
2009 FERXITRIAEFEHE TAE o B Rl 5 34 11, 42 51, 57 11 (TR,
(2009 TEGIFHESED) 597 0, FEGFH R, 2009 4 12 H HAR.

(2002 TE SIS ) 592 7L, HESUH R, 2003 4 10 A R

€2009 TEHGIHES)Y 594 7, ESHHRGE, 2009 5 12 H HAR.
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ESRKERARICEVNTHIEMHHE X5 S h S L HETHEMOREM

R BESE LR )2 — R 3

VB R RT b SRR
2B R PR LA B AT LA LR AE B R R =
3 IR KPR I R

=21

In vitro 7% v, IEE E A1 [ 1A XK IR 0D AL =7 il 8 B 52 28 A B BN | SR - A1
ITEIRIO M E A A E LTz, BEOT 7 —hRAR RIS N KA L e e L
72 5 OB TEE ARG LT, AL R B XL O in vitro W AEFE ST A—2% i (BATHEEE H
BEREHCBTAAH =R LX— (ME) SR 78 (CP) g REHEE L=, flktO M) H BRI
BIX 1.1-1.7 kg/ H SHEE S, A BHERFO ME 681 11-16 MJ/H SHEE S i, #EE st o
R BIOWA O ME BREEZ TR TDHIENARETHLIENRENT, TD—J7C, HHER
LIz A 280 T BT TETELO CP G RIFE SR B4 KR IC FRIZERE SN, ARSI, 4F
BRI AR AR AT D S 22 AR PR TR AR AR | Z o TAMNT I 1T DM e CP e AN R ITKHLL TH
EVTRIBS T,

&

]

B [A R BRRIEHPEO 5 KA IUEFERED 1 128z b, BIEXAO A a7 ST
1000 HEHIZHET D, BEEIZRB\ T, AayA e d EE e R EATERPNAALE S THh D, BE T
V. EFE R U O R A 2 IS Lo CTHE SR AL F T (2R O AL PE M Tho AL T Tz, 2RI LA 72
FBUER R SIS LT 52 R DO B AR TH LM, 2B 2 W R TRy 6, #2Eo M
TRBIOTEOREBAEIL, SO L/ NEEYE (WA, FREKIOR 5323 ATRE) 12k~
TIRNWZE M Eo R SEEnb,

AL AT LY X OB BN TR LB 1 A BB OB E 2 BE L, BE HIRKICB W TE
ILERRC RS 2003 4F 5 A 1 HICHiATSAV2728 s ORI I am AL LS, S fagEsil
DT L&lp oz, ABIHIIR R L TR T IEO LA R RICEH T2 —5 T, BIRKEBUFIT 2003 42
EREX AR EL , MAREEZ R ML TG 57,

ERR LB KT 1997 RIS I E A G LTI, 2004 FFIZER) OB E KFF v /32
PIZRR LS AU B AR K 7 - 8 E R P E R IL R JE A 2 L i & U CRARE O LRI 784 F2 L T 5,
BRIL[ERF ST By = 7 D —BRE LT 2008 D | (BB LR AL T30 D& EFERGER ISR 2
WFFECE T LIz O, KR 0y = 7 bOPIEIC, BEE O FEFR A A7 A FEHIT T D TPz g
WEEfR AR R Z A PRI L, BHILASECR T O BB DWW CBIIR A A S L7, ARBFSE Tl
Z DFHEAE RATTEDE | WL BIAMED /30507 C — R FDMBITRICAE 5T 28 EHZ DWW T in vitro
R LD Bl D A 3l A T,
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MEBLUVAEE
(1) BEBVRERSIOEEH 7Y S

2008 4 3 A (2= [nl i G X A B i R oo 2 #i, (Maerzhuang, Yuzhuangzi) (23T, £l
B DO 2D 6 FOA AVEGE (FRF2IE%K 24-160 5H) Z3LRL ., fZ8ak, S 0L, BHHRRE.
T AR | BRHG 505 %  BRHIVEART I AR HLIER | 3 ILZRRT % COME B Ui 3 L O 28 oo
RERUC DWW TR E B A A FE L7,

T BENBIHE LA 5 L COBETRI OV T VR, BRIRL =7 g, REETE 2
fE (hihrEnay (CQ) BLUWT A~ (WB)) .tk 6 f (HIYINyEr=as ZHER (CS), 777
NI 7L (AL), A—X 7 TR E (SG), XVEWEF R (Ws), HE XL (CL) BLUMEES~
Lok (NP) Cholz, £7o, ZELUTHESHERR (NL) % 2009 1F 9 A2 IR CHREL7-,

(2) ALFR A 3T LN in vitro T AAEFET AR

9 FOEEHY 7 T 60 CTEBEEERELIE, HBIE 1 mm OAVV— 225 LT AL —A v
(F HERUERT, 3D ZHWTH#LTZ, AOACYIZHEHLL . &7 Loy (DM), A% (OM)
BROWIS 7 E(CP) &EERIELE,

Menke & Steingass'® D FIEIZEY, BARKFIRITN v S AFKBREMY) SN TSI QD
HH =2 — LG A Y LA E WA REIL BN DWW in vitro 7 AEFET AN Fli
L7z, We#5C 200 mg DM OHEERY > 7L K034 LTo iR R (A SR B T A A pE e, JEIE T
HAL (L, h) &/37A—%|2& T McDonald OFHGK 1912HCidwd B H NREET AL/ T A—
% (a,b,c BLWL) % Neway curve-fitting program!2 % VTR L,

(3) FRIBHIfE A E

In vitro 553 24 WIZB T D0 A4 R, CP BL UMLK & BE& VY RO =3/ ¥ —
&8 (ME, MJ/kg DM) 3X0 OM i#{k3% (OMD, %) % Menke & Steingass OHEEZ 17 &
TENENEH LT, £, KaHlfARIO T AARE T A—4 19 % Khazaal 5 1 D3RU7HEE RIS
AL, #5fER LD DM H HEREZ R L,

H RN DA AT R EF NSO BEIRREIC - S& LB DR IET TR L CLL R IR
9 DM RX—ADRE LR TSNS 5 FOfEL (Diet 1, Diet 2, Diet 3, Diet 4 3L\ Diet 5) %
ELT,

Diet 1, CS: CG =80: 20
Diet 2, CS: Ws: CG=70:10:20
Diet 3, CS: CL:CG=70:10:20
Diet 4, CS: SG: CG =60:20:20
Diet 5, CS : AL ="75:25
TEATEIBI AR R T2 RN D 77 A PE B FHANED G | BT R 200 mg DM 254 U2 FHY 72 5
BRE WS AEPE AL, BRI L L RRRIC T AEPE ST A—4 (a, b, ¢ BLOY L)W ZHf
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TELTC, BBHEEIOAL ST S b FOEATEED CP B L UHIK & B2 R H L 24 BFRIRE 2 R
DOH AL EERHEEADETME & &B8X0°OMD 2R LT 19, 7o BT TEEIO T AAEFE ST R
—2&fV, BIREBREERRE MU 0, #E Sl FREA 35 kg LU, B B REHEEM 1 (2
Heox EATEEHG SRFCRIT S ME B& 0 CP RO EREZ TN TR H LT, TIE A FiE
FEYE 10 ZYEIL | fKTE 35 kg DOFHEME IR R, 1-3 %1 ; %], 4—56» 1) BILUOWFLY]
(0.6 kg FFL/H) 123172 ME BL U CP ZREIZOUWTC, REAZEEE LR s TOWHIE
ZHWTHERE LT, 8XEFL72 5 FEOEITEED ME BX Y CP F /2 LT DUV T, #EE 2 M D A= PR A
TN E T T,

HRBLUER

BRI ORI TR R 1 ABTERI O 2R B R AR % 2 1R U, AR DM
WA a7 BEZNE 595 EE 2 RESEHT CG THY, =D CP & &EIT H AREN Tl 5hEn
AL LR ThoT= 4, —J7, REREFCéHD CS O CP & it DM ~—ZT 2.9% LRV T RO iE
THY ¥ MliFeHAECHD SG O CP & &L H A THE T 5L DI R TED 72 ¥, Wsd CL O
IR 536 BN L @2 To DI, XVERED LT EIZL D DEE X biLd, BT, ki
TR Z £ H IR S T D AR OFER THY | BUZ/ Nk A A 35, M &5 BRI
X BESN-B SR FE S A OB EL TRy MINT.E L, RN RIS TS 2, NL i
AL LFRIRED CP HEE2H 3500, BIERHZEETIIBEICEIEL CDHd, BEEIRIZ D HEE
Ho DM H & BRI, LS T NP IZT A 77077~y D X7 i B B e U CO R E %
BERNEDEEZ NS, IEITEED CP & BT Wb 4% FEEE R S, KBS M OfE S
Tp_E CP O FRfEESNS 8% DM Ajiwi Th-o7e,

£ 1. ARG G- BB O LA R ) KRR
DM (%)) CA (hDM) _ CP (% DM)

N A=V (O®) 90.6 1.6 3.2
72~ (WB) 91.8 6.0 20.4
r7EOaL 2B (CS) 91.4 7.3 2.9
TILT 7V rEEE (AL) 90.1 9.6 20.7
A—H LT A EL (SG) 92.6 6.6 2.5
MEERRRZY) (Ws) 94.7 37.5 6.2
HEZIET (CL) 95.7 39.7 7.7
M~k (NP) 93.1 3.7 10.9
MESREEE (NL) 90.9 8.1 24.0

DM, #287); CA LI 75 CP A /N7 H .

2 2. AHMEITEEI OLEE Sy (BHER)
CA (% DM) CP (% DM)

Diet 17 6.1 3.9
Diet 2 * 6.2 4.3
Diet 31 9.4 4.4
Diet 4 § 6.0 3.9
Diet 5 * 7.8 9.9

TCS:CG = 80:20, ' CS:Ws:CG = 70:10:20,
1CS:CL:CG = 70:10:20, 5 CS:SG:CG = 60:20:20,
*CS:AL = 75:25.
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TTAIEPEINT A—H19 %3k NIRRTz, IETERIT A4 B (a+b) 1% AL, Ws, NL 7MKL, fiakfak}
DT NPIEE LIRS E Sz, BEATEIE D723 Tld Diet 5 AMLIZ Eb A~ THEHER A A% A B LK
<EHEhT-, WB, CL 33X U* Diet 5 ZfrE, 1 RFELL EDOFEEET 7 2 A LS E I E L, CS, Ws, NP 35

JO'NL I3 2 B[]t A H S,

# 3. Invitro B ALERENRT A —XH

INT A=A
AR a (mL) b (mL) c (/h) L (h)
CG —h.2 84.7 0.064 1.0
WB 5.9 61.1 0.043 0.0
CS —7.0 76.7 0.043 2.2
AL —6.4 43.6 0.089 1.8
SG —3.6 68.2 0.036 1.5
Ws —3.4 29.0 0.041 3.0
CL 0.8 47.9 0.048 0.0
NP —1.4 6.7 0.067 3.5
NL —7.8 25.3 0.108 3.4
Diet 1 —3.3 78.8 0.042 1.0
Diet 2 —3.1 71.1 0.043 1.0
Diet 3 —2.9 73.1 0.043 0.9
Diet 4 —3.0 74.2 0.042 1.0
Diet 5 —0.5 49.4 0.048 0.2

TMcDonald (1981) DRI LOTEE LT,
MESOFERMIT, 1L 2 ICREHL,

9 FE DA EHFEID ME & &, OMD LU H HEIEHEEMEE & 4 1Rz, v ARMEY ThD CL
® ME & &% CG JvE<#EESh, NP O ME & &4#E{#I1% 4.8 Md/kg DM L&) o7, BHILIEAHCT
BT, Ws 13 B AN HIE 59 2 CTH 722 EHRE 72503, Ws @ OMD 1 50% A €, {R#
(REHIZVD B R REHE EIEBIRME TH 7= 2806 LN B A#EEO SRR S L TRR5-3
DITITESIRNZEAVRIBES LT, KHE 50 kg DA ATV OHARH BIEREE 1200 g/d ELZ85HE 1R
HHAFEHZV O DM EHEIT 63 g/d LiHH S5, Khazaal 5O 10 ZHHLZSA, kT3
o O FEREERIE LTI VS ILTWS CS 0 B B BE T EHATESH7-0 104 g DM/H & &0 Vil

NEHENT,

4. G5B RHEUREO B S fiE HE 7 i

ME (M]J/kg DM)* OMD (%)" DMI (g DM/kg BW?™)*
CG 12.6 78.8 HHET
WB 10.8 65.9 HHET
CS 9.7 55.2 104.4
AL 10.3 57.1 21.5
SG 8.8 49.8 97.6
Ws 11.1 38.7 17.6
CL 14.1 56.2 78.6
NP 4.8 26.5 — i
NL 8.2 45.1 20.9

ME, R = /L% —; DM, #.%);, OMD, AFEDTHE=R; DMI, H H .

"Menke & Steingass (1988)DHEERICIVFE H L7,
*Khazaal H(1993)DHEE XU IR LT,
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TEATEEO ME & £, OMD B3I OVH HEEEHEEMAE 5 (R U, #EE25HtEDRE% 35kg &
RELT-84. DM B BERET 1.1-1.7 kg/ B &, 24 EREHESNT-,

% 5. A HEATEVEL OO BB EHE &
ME MJ/kg DM) __ OMD (%) DMI (g DM/35 kg FFF)

Diet 1 9.3 63.0 1.7
Diet 2 8.9 62.6 1.6
Diet 3 9.1 64.5 1.6
Diet 4 9.1 61.8 1.7
Diet 5 9.7 54.9 1.1

Khazaal 5010 (25% DM H HE 2@ Y2 BB SIMEE OMIRAT,  # BB L 0w
FLINZI1T5H ME 2k e B BEBIUFICRIT5 ME BEREOHEEELZ £ 6 12, CP ZkiEL CP E1
BOWEEELE 71T TR,

#£6. BEEESEME ST DIBITAENO ME FE R

HEE ME FE R ME ZoR&E (MJ/H)
MJ/H) IR IR 1% 1] WAL (0.6 kg 3L/ H)

Diet 1 15.80
Diet 2 13.85

: 9.50 11.50 13.14
Diet 3 15.00 , ) .
Diet 4 1518 (148%)* (123%)t (107%)t
Diet 5 10.65

RN OBAEX, ME ZoREICKTT 57 ME fEHE (Diet 1 —5) DL Ra R ,
#7. BEEERAME T DIBITEIELD CP Fe e

FEE CP IE I & CP ZR&E (g/H)
(g/H) I AT Y] IR 1% 1] WFLHT (0.6 kg FFL/H)
Diet 1 66.5
Diet 2 66.6
! : 95.2 122.4 129.5
Diet 3 72.5 N o o
Diet 4 641 (79%)* (62%)7 (58%)t

T (Dict 1-5) DREFET,

FXEHLTz b FROIET TR 2R S B BB IR L7256 ME Fo & 3R EMEIE, ARRATH, fE0R% 1
BIOWIHTENEN 148, 123 BI W 107% LA I, FEHAT—VIZB W T ME ZRE% 7
T HIEMFTRELHEE ST, LD L, & TIORSNDEINT, 5 FEOIE TR B BIERLI-ELTh,

¥ CP Fe @ 31X, i, BB L O CENEIL 79, 62 BLDN58%& ., #-F2JiEtfED CP
R LRV ERE SN, i IR O A3 BENG 5D EEHT, M LKA ERb 0T
HY, CP & BFHHEMIZ 8% DM Kiii Cdh-o7= (£ 1, 2), UL, FHE LT 2008 4 3 HIZiE, (T
MEFIE RSB L, 2RISR L CTRALE I T Q22 enh, 1 B2 64-110 g O CP G ETh-T
b HEEITREFE B IEEE L 1 HH72D 600 g FLEEDWILAFTRE Tho7obB 2 bivd, RBFFEIZIBNT,
CP SR B3 [ A LA E 16 2 O TR L7228, R I3 R Tl BRI TH D, TD7=
., CP EREIIA AL AN TRNZEPBESND, iz, A3V BRI EOREIIEC T CG
BEOY WB Z2HUISMIZHA G- L, Fio, R Al iee S B 2 e 352 bbb 7o 7 —NMZEE L T
W5, LT=235C, Ichinohe & Fujihara® BXOY —F5 9 pUR9REC, S8 E NIERIFIPERERG 512

35 A E N EWIN B DZEFREFREINE . SOIT, ALS 18 DR RO Z8hiG G K924 H

WA~ JRFE TG BR DR Lo TESHMEE O RNE R AR M L L2720 | KK #ED CP ks
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Toho>THFEEEN AR ThHoTobDEHEES VD, BEEDOWFIE 2310 (23U Th | [ H NEE R R E
MRV E 1T, BEEROK 80%IHH Y DR FMRE R DA S B NI S a2 LpvRs
ITCND, & 6 IIRLIEEINC, 5 DI D 4 FEOIEITEEHI VT E ME R &% 82 "lRE Cho7e,
T7ebb | BRI O T 5y ORI (VFA) 2SMEJREL TAESI LR
D, RO WNIRNEZRE RO KA E N RS S Ao, Blimmel & 2 2RB 359002, KHH
WISA P 0ME EORERFEAEICE L. ME A9 5= /L X —FERITH Y 975 VFA 13X, 49
KE RO RFBEMELTRIEASNIZb O LHELEIND, ZDOREF. AEMIES G E R &)
HNL, #EEHEO 2 L - (MP) JREL TR Lz 729, ik L CTHERL7: CP 2ME/KHET
HoT= L Th, IREWILIZE T2 MP B EINI-bDEE 2 s, BEDHIIE 8913 OXIIZ, #
AL in vivo ARBRIC X > T E NIAEM AEFERORIEETTHIZECED | AMREE EAET Db
DD, SHIT M AFEIZIZ AL NRNALE L U KD F ARG 10 ([2X0, CP 2k &%
FER LIz eb RS ND, Jusk, U AR TR S, AN B WK e B 2 B L 7R e
THo ThHFFAEEET- CEHERIT, WO S FRICIT RSN W R 5 B A 1T > COD ZEDUR
WSz, K D REWAMEFE RS L OVINRIEED M F LR OB AR 5- S22 13, £ DEPERGHE
REERIZH A D DR VIRW S D EHEZR SN D, AILFRFIET B =7 MTIUWN T, BRI D A PE K
&z m) LS D7D DOEEHE 5-AR ARG T DL RN RO R/ B LOVERIS A O JFFZ D
WCORE 2D BRI TR A FE i3 D3 0D,

SCHR

1) Association of Official Analytical Chemists (AOAC). Official method of analysis of the
AOAC. 14th ed. AOAC. Arlington, VA. 1984.

2) Bliimmel, M., H. Steingass and K. Becker, The relationship between in vitro gas
production, in vitro microbial biomass yield and N incorporation and its implication for
the prediction of voluntary feed intake of roughages. Br. J. Nutr., 77: 911-922. 1997.

3) Calsamiglia, S., A. Ferret, C.K. Reynolds, N.B. Kristensen and A.M. Van Vuuren,
Strategies for optimizing nitrogen use by ruminants. Animal, 4: 1184-1196. 2010.

4) (M) 36 B AL PEE BN A WTFERAE IR, B ATRYERRTEHA 2> 22 (2009 4RAR). (DT pEs. W
L. 2010.

5) FRIRGL- (RS -BUCE AR EE, R OERBREGRESEE — IBRPRER- BRI TR O DN
R —. TERMNOARREEE A, R EZ-BESE R, 139-156. {Eistt. HL.
2008.

6) —FfRE, AR B A KIEH I DMl AR B I K OB HUNAE G . B AR RIS
[TOT T IV I ISR 28D 2008 FEE A R EBRETEIS TRy —T o U,
19-21. 2008.

7 BRI, EERIEBIRRICBIT DA AVERIEIC OV TORE. A ARZPIFRS T
DT T IV MR IT LD 2009 A PEERAR RIS —T =T U,
41-46. 2009.
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8) Ichinohe, T. and T. Fujihara, Adaptive changes in microbial synthesis and nitrogen
balance with progressing dietary feeding period in sheep fed diets differing in their
ruminal degradation synchronicity between nitrogen and organic matter. Anim. Sci. J., 79:
322-331. 2008.

9)  —RF RISk - BRI B, SO E N IR IRIRR 0D 2 B AL 2 O EE FER AN BT R B A
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10) Kiran, D and T. Mutsvangwa, Effects of barley grain processing and dietary ruminally d

egradable protein on urea nitrogen recycling and nitrogen metabolism in growing lambs.
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12) Macaulay Land Use Research Institute. 2000. The ‘Neway’ curve fitting program Ver. 6.
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13) LBk - AE R - — PR 28 MERFL ~UL B3R T DR VB O BB IAG A3 A=
DE SR RIS KIE T 8. B b= EE, 46:5-11. 20009.
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16) MOA. Feeding standard of meat-producing sheep and goats (in Chinese). Ministry of

Agriculture. Beijing. 2004.
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RS P I TR FF YA A N E N

% AR XA
( TERFALR TE O #I 750021 )

AT v 7 WHFCMAC A I TR o 8 BB R ANEL, xR AC I« MACBCRIAS [F] SRR R M A AT
BRI T, R 3 RARAUK AR B LR, SRAE e ARE I e I 3 208 JR i 1R B
B, wIREE REH: MICERA BRI E AN &5, Ml BAE &I ER B
FpAC AT (R 15 PR RE LR, B T AL, BIRIOME s, JUHR AT Y5 36h I8 B A
FILF|T 86.32%, MICHMET S A, R H BRSNS, TV MR, ERAT—
SE M AL

KR A R EIRRMOr R R

MR REALS N 5258, BUONHIR, i WRESRE, IACHT TR B HAC A A
EHFEENEAR. B 4ER, WHESILPIra AMELIINEER. 7Y ARL 2 b,
R, AWK, RER, FRRSELEMEIERD . $0 Z iR 2l S OR it i . Mid
i 0 AR 2 7 = R B 6 X — I 22 SR, A XM RC s i A S B 50 75,
PR 8000 JIA T o AEMRCHHEIN T RE S, FERERMACE .. HAMIICH, (HIZ25HWRE
FIREA A, SBORIRAIR BRGS0, TS ER, 72805 — S k& ok A4
JEHAEFE R A RA AR i SR R s 2 2120 AR H LR Tl w e R
J853 o3 KT AR B B AR B , PPN AN IR N 07 s AR A R RO AC 7 L MO B AR
e 9 B AT RO RV FRYIE, DT REFT ARSI, SR UK DR BEMAOIR v A7
D IRIETS T, SEPUAR RS B RAEAEIA AN]R8 R A ok

1 RS 5%
1.1 i 3a w4t
QAT 1« S M AT T TR e 2 T 7 2 (o T 7=
@A E-2: A AR R A R AT AR R
@A - A I A =V
@R FFE B MR %
1.2 R R EE
WG PR, THRELE 35kg 24 M PALCEREE 3 N, FARGEKAMER B . W4EF:
T 1.3 fE AL T, S H T B 8. 00 FIRA- 4: 00 sERF AR, & ok,

EZ WA B2, &, (1957-), TER¥EREREE, WA, HRmm: siERSxEH
R, BERHE 13995212256 Email:yh-ych@163. com
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1.3 MEIBIRR T ET %
1.3.1 MBS NE
THFE: GB/T 12102-1989
FLE AN E: GB/T 6432-1994
FLAGHTINE © GB/T 6433-1994
FHAF4EM5E : GB/T 6434-1994
FHAR 73 5E: GB/T 6438-1992
SAE: (MJ/ke) = {CP (g/kg) X 23. 85+EE (g/kg) X 39. 33+[ DM(g/kg)— CP(g/kg)— EE (g/kg) -
ASH(g/kg) 1X17.57}+1000
TRB ) () :=100% - OKAr+K 73 +FL R E BRI 48D %
PSR4 IRYEVRIR TS BN (1993) Jrikie"™ ",

1.3.2 EBREMERINE

J& T 45125 0 52 R0 15 WA i R A e 1991 4R M (07 kAT

BRI E AR BRI 38 A, B4 3¢ i, 38N 6. 5emX 9. 5em JE AR A2 ME
SR EAE AR L, TulIRIT s H R MRAT 1h 725 K08 B N TRE 6 IRRHE K e e iR,
B A% BN TR R OCHCHY U E JE AR Y BB I Tt MR PRV AT 4. IRIEDE
BT S R, 2RVE LR ARIEDY Oh B il E o« AR E 45 3T 548 R R B B
AR (LTI
DM 2 figf 5= (B2 AT DM A5 B~V A0 Jm SRS 1) DM R Js ) / ( Bfidg i DM R ) XX 100%
2 ER55H
2.1 ERMRIERRS

ffciE-1. MfCHE-2. MIfCRe. MoRc s TRt Wk 1

®1MRCE-1. MRCHE-2. MRCE. MIlEHEIRST (MJ/Ke. %)

T H FAc -1 FAC -2 MAL S FAg I
Mfe 19. 82 18. 31 16. 60 16. 03
T 95. 51 94. 49 95. 12 93. 42
HEA 11.75 11.54 6. 43 7.48
FHAE 12.78 8.70 1.39 2.00
FH A 4 23. 24 25. 72 37.94 12. 24
K 53 2.76 5.18 4. 64 11. 32
TRIZ W) 44. 98 43. 35 44,72 60. 38
R e A 4 39.23 39. 16 53. 68 37.77
PR P v 41 4 34. 46 34.78 45. 39 35. 85

& 1 Al I MAC -1 AACE -2 SRe . AE BRI S B, HMHEANSEHRT
11%, FLARDTR)E B B3R T 12, 78%F1 8. 7%, & THIACK A H i) & MRS RORHL AT 4 2
B R THACEA, XA SRR AR R MRS TR R RIR A SRR, AT DAL R
AR RE -

2.2 EFYIREE B PR
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2.2.1 MICE-1 AR E] R APERRSR
®2 MACHE-L YR, MBS, RUESEGRYE. PRSI LERI PR (o)

] Oh 2h 4h 8h 12h 24h 36h
R 7/)iit 36. 81 52. 99 54.03 60. 61 67. 29 78.53 79. 05
HEA 17. 40 24. 32 28. 33 39. 55 40. 94 53. 77 55. 49

T 1A e Ik £ 4 1.70 5.08 16. 31 22.85 28. 58 35. 72 59. 49
R e A AR 4 7.54 12.98 25. 81 40. 64 47.75 58. 32 66. 39

70
60 —

\
il

5 50 — —— T
é% 10 —a— fHEH
re
—a— FRVESRIR A 4

30
// /A/ﬂ, ':F“I\i“ e .
20 —— VR4t
T
2h

4h 8h  12h  24h  36h it} A

\ T

Oh

K1 MfciE-1 T, HE. RUEVeERE4E. FUEbei e 4Er B

f# 2 fE L AT L, B CE R P AESE, MR -1 8 SR TR AR R R b, TR
(IR ZAE 24h ) EFHESAEE,  0—2h I [RIBJC NI, 1 24h J5 EFHEEE IR 2218, 2 36h I
(6] S50 B30 79, 05%;  MUACTA -1 MR 1 i R S 3 5T SRR, [RIRELE 24h 1y ETHE
AN, ZJEFEfRSR B REG, 5 36h I A] SO AR A 20N 55. 49%; FRCE -1 FRVEDE kAT 4E
R P P T 2 B AR 2R A HTARARR, o 5 5L T () () A SRR L TH a3, MR PR DU R 4E RN Hp B ik 21
YEAE 36h BEARZE 73 IAE] T 59. 49%F1 66. 39%.

2.2.2 1FEE-2 ETE B P A EATE) = ApE R
F 3 MRE-2 TR . HEA. BRUEIRSYE. hETRIRAT R B R (%)

Ff (] 0h 2h 4h 8h 12h 24h 36h
TH 22.67 30. 35 35. 43 38. 86 46. 03 54. 58 55. 69
HEH 16. 76 22.34 26. 45 37. 88 39. 38 52. 06 54, 11

P A e ik 1 4 3.85 10. 04 13.55 23. 16 29. 47 38.76 52.6
HRE eI AR 4 7.8 15.97 22. 43 37. 67 46. 63 56. 87 65. 55
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—— T
~ 40 ///A e B
4 30 —— TR TRV A 4

:
%20 — o e sl
o

4h 8h 12h 24h 36h A
2 MIRCE-2 TYIR. MEE. BRMDRLYE. PR A 4R R
HHER 3 A1 2 AT, MOACE -2 W& E TR R B N IR A SRl -1 B A 3. TR

A E AR 24h WREMRIEFERCR, 24h )5 BEMERDE T 2218, 76 36h H WA & (g R Oy
55. 69%F1 54. 11%; FRUEVEIRET4E. hVE el 2T 4Er) B R 2 UL Rr 8k LT M

2.2.3 MCHIER B P A ERIE R g PR
R4 MBI, HEA. BRIEERERTLE. PISRRAHENERE (5

f (1] Oh 6h 12h 24h 36h 48h 72h
T 20. 99 29. 99 32.13 36. 07 39. 21 42. 35 45. 49
HEA 13.3 29. 08 34. 99 42. 77 53. 34 57. 85 63. 92

PR Pk - 4 6.72 13. 88 21. 59 29. 25 37. 48 51.6 72. 06
R R A 4 7.31 15.78 22. 69 31.75 43. 6 51. 85 64. 75

80
70 A
60 /AX
£ 50 /’///P//{r' —— R
5 40 A = T
§30 x///é —— bk A4
20 A = B
10 F—r=
0 . . . . . .

0Oh 6h 12h 24h 36h 48h 72h A
K3 M. MEE. RUEBEGRYE. TVEBEER A 4E R

M3 4 FIP 3 AT L, MRS o ME IR 5T A0 B g8 R B I ) R R T i e, (ELEMARTTD 5 Pkt

66



FEZZ1S, 36h T-W )5 B AN 39. 21%, FME T 156 21 4k AR 1 W VAk £ 4 B R 20 3l Dl 43. 6% A1
37. 48%, o~ H B RO A RMERIE o BT R2 1R 3% 2y TR SO ER A RO R AR R e b, 36h BRRFR N
53. 34%.

2.2.4 HREH R B P A ERIE R R
RS MR, HER. BRYESEREYE. P YEBEERA LRI (%)

] Oh 3h 6h 12h 24h 36h 48h
T 33.23 57. 66 57.97 73.10 83. 96 86. 32 88. 78
HEA 6. 90 9.29 13.24 25. 76 29. 64 38. 59 54. 72

P 1A e vk 41 4 10. 72 16. 21 16.99 30. 05 30. 88 35. 02 57.73
R e A 4 15. 89 26. 53 37. 62 51. 15 57.21 64. 15 70. 88

100

90 Pe—
80 =

70 =

e g
o / — A | = maEn
/

B (%)

40 e e BRI 4
30 < =4 e R
20 // //ﬁ/
10 ;:::ﬁ::j?/

0Oh 3h 6h 12h  24h  36h  48h
fi [

B4 M Tam. MEA. RIS, PR Fm R

FHR 5 AP 4 vT 0, BEEE TH AR TR] PO S 42, AT M 248 35 0o I PR AR S 2 B b E#A . T
YIS B 2R AE 36h IR 2] 86. 32%; AT ARSI 2 N 5 TIHAL IR 73 o BR IRV ET 4 Al p M P ik 4T
YELE 36h MIFEMEER 55108 35. 02% A 64. 15% »

3 INEERE

3.1 MRSV -1. MRCE -2, MR IR A & IR R, MRCIE -1 FORRC A -2 b (R B Rk
REWT & Eim, MEADHIN 11 75% M 11.54% ; MAEWT &= HIER T 12. 78% F1 8. 70%, &
TRy T AAC A FORAC 1, DRI B 70 By B R O & IR SRR, MR i ok 4 4 A B
R JC 20 H G B s v, R0 S EL A ey i T A e

3.2 93 B PRI I 45 IR, MOACVE FIRAC W R AR PR IR, 3 I 24h N FRARZR I 1
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Tt 1 JE AR BT E T AR IRE, JCHGRAETERIY, PR, Sor 5 T RRE,
HAYB b 5 e & . MICBC T BEE FE A g, U0 B— @ AL, X5 HH
LS BB VIS, FE AR AR o R B PR AR IR R TR 4 o0 W 4t SR —

3.3 LA WM T R R A R, MG, 5 A, WRMERGE, M B RA
FRHE, TEAFREERERER AT 1 HMACH . A B IR R T AR RO S, RMiAc e
PN RFE GV, BEATIE R AMIAC A B, DI TG gs,  SCREMR TR & 1R R SR A )
R, ORI R HORIRAC 7 b e B A P RS R R LA B S, TS o

Z £ X M

1 Bl AR T, X PR, A2 b B~ 2 TR £ 1 5T S LD SR 18 B R s (). AR AR
bR E4R, 1999, 28 (1): 77~81.

2 M, DANEE. JE RASVE R AR R A Zh P B N & R R (], db sl R

%, 1987, 13 (3): 375~377.

HLIEEE, BEAS. AR B WAL AR D db st Bl HARAH:. 1988,

BHIEE. AEVIG T BRI it B =R M. FrE AR A

KEE. BAERGEEEM. Abat: hERES H AR AL

¥ BE. RV T SRR AR AR M]. db R dbURM R H R A, 1993,

T FREME TR AT [T ] 2B R 4R, 1997, 24 (1): 18~20.

KR, 2 7, WE . ARSI K& TP R e Y498 B N BRI e [T, s e,

2003,29 (11); 13~15.

9 ARAKTT. AR EE SRR R FAERIGTHS (], M= 5 Tk, 1988 (3): 44~609.

10 T/D%, ML Mg IR Beor IR0 IR Tk LT 1. MOl BH T /&, 1988 (3): 39~40.

11 iy, AR, aeess. F kb 48 B AMNUE B et 7T LT ). T E s 324, 1994, 6
(2): 20~22.

12 ¥F W, # AT, FKIBOT. AR50 FORFEAT T B MU 2T 4808 B P ngsem [T]. RS
Tk 2002 (5): 15~16.

o N O O B~ W
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RIIRM - FRIEMICH T DR ARG RERMORRICE T T

ARIFFEZE
EARKT: AW EIRR 5

1. [FL®IC

RO N HTHAED 63 fEAND 2050 21X 90 fEAICZET D E b TWb, —F, RO
M TP LI N TRY . ZRETOMRAODEKRE L X T IZBALREYS 72 DIX
BEOBMG 2N FIZED R WRICH D, LR -> T, ZdboadEe N Emostisd 5
TOITIX, ERBEEZITO 2N TE R o IR, J70b bl - Jerilith e & C o Z i
FENMEEARRIR & 0D, Holgh - i IR oEhE O 1/3 250 THh, 2 2 TREE
FERATH ZEMTEUE, HRKTDHIANCH L TH RO RBBEZMGT I LN TEDEEZD
Nod, 7272, ZTNETH, Hplh « Pzl To BB IIHAKS M TIThNL TE 7228, b
DTl NPHIREREFT TE I LITE WL, A R, 7 7 VR &
TR R FEDOT- DI, HEAP SR SN2 EAREIN TS, 20 L9,
RN - PR O BRI R (T BV T, RIS AEFEEAHIN L T . BRHIMICIZKE RO
R8s, HEAREDV Z718 > T, EEPKETERNEWVIFRERD D,

T2 TIE, WM - R A AT 2B E R BT AR E LT, R rTRE R R RN O
HBIZOWTERT D, I5HI2, WRHICEIT 2 HEALOFRKTH 2 EEERZIET 5 L%
() ~NF OB HDONTHENT D,

2. EEMRBARDORERKORKREERAIGE B EEMOMASE

(20091 LT EIE AKX OREMRKOBURIZLLTO LBV Th 5, BEEIEAIRX
DRI T B 2 ) 1 EFROETEE BRI 180mm TH Y, BAEN DR WD, AEIRIT
FITRIE L TV D, IR O KRR D= DIk BEEZBUKTE TOARWIRIIZSH 1 |
EHZ, ZOEETHHILTOKOFIAEIMENE W BEZ X T D, B2, BERK
ZHFINHEUKT 2 F AR F V@G TRWzD, AOFIHEMES 2> TR Y . B CTITHK
7R KEE LN ENTRNE NS ZEREMIhTW5, 20X ) Z2RERKOFAREL &
FBRKEROBEROA BT, LEAMOBERE 2D Z ENRE, ZOR, BEE2500, i
FHEMTH D, HHEMLIX, HEPOMEAZEM LI KSR ORI 85I L 0 Kb,
MERBIZEMT 28R THY, TO LM TOMMOEFTBIIARREL RS, Z0H Lz LA E
HWRRRBICR T 72 DITIZ S RORE L RN LEIC 5 2 ERMLNTE Y, HEERE 5 &k
IRWZENEBELRD,

FEERABX TIE, AABRARZELTWDIZHE b 5T, MBNZ2KRIRARThITEY
TIEBID Y 27 NIFFITELS o TWD, ZDY A7 Z[EHET 272D O & L TH 1(2001)
KD 4 HBAZZT TS, OHPEKEOEE - AKERE, OHTIKAORE & HiIEH, @ Lk
T E CONBAE R, OHKEMEIOEATH S,

FEHOIX, BN OERBESTFEE L CRHHINIHE (v F) OISOV TR

69



EIToTED., L () I2L3<AF i, < /LFNRWNEED 1/2~1/4 (2755 &2 I3 550 5
WD EEPALMC L, 2L OEMEHAEDLE TEITL TN Z &Ik » THEERD
VDAY /BRI D ZENTELHEEZLND, LT, ZOEBROIEIZSOWTHENT D,

3. LI TILTFICLDIEEEBDE RN R DIREERER

1) EBROEM

BEZLITH BT, HEREMN O DK OEIIL, RERBRIZRD, o, EALET TIERL,
Wy 2 B VTR DBL LWL, KOBENCHED B ~DEOBE 25 S Z L, HIEERBOR
REs, ZOMFERNODOEFBEEZLE S FEE LT, #REHOWEE (w1F) BDELHWLNT
W5, AT OMELE LTIIMA 2 b ORI I TSP, ARIFZE I, FEAGEH CEERIT
P TEY ., BEHEETOMANZ VLT LFICONTEREZITV, LEF < /LTI X DRI
HIZh IR & TR OIKS) - My OENREIC G 2 2 IO W TRETT 5,

2) EEBRAE

FERICIXER 80cm, 5 & 120cm DO KAH T L&MW (Fig.l), ZDH T LI BEE B %
BRI o a 2% 1.55g/em3 2725 X DI/ Lz, </ F & LT, hifZ2s 10mm & 30mm O 2 il
HOBRGOEALR (LF) Z2HAV, LRITHERICHDLPES bem THEFED-, £ LT, &
Kb BT E OIRIR CHIfn S 72 RRE 2 IR RE & U7z, BRI & LTI, KiEZk & NaCl 5000ppm
IR D 2 B2 e,

ZDOHT MK EEZBETD ADR Koyt —, ESKEEABET S EREY Y —, KR
L L TEBRBEELZRET 5 4t s h— BEAZNET2ESZEEZ L, Zhboky
Y=ok v, LEFOKS - HEHOBEANIE L, FEBRHI, IR - WERIEEEIC Lo Tl
7 L B AR 35°C, W 20%., JEGE 1m/s (2l L 7=,

Table 1 EEREH

Fhrst < LF BRI

~LF 7L KIEK 2L VISTEIN

~JLF L - K L NaCl 5000ppm &%
L% 10mm * /KiE/K L2k 10mm ZKIE K

L% 10mm - #k L ki 10mm NaCl 5000ppm V&%
L% 30mm * /KiE/K L 2k 30mm ZKIE K

L & 30mm - 3K L Fhif% 30mm NaCl 5000ppm A&

RO 2FHO~NAVFIZ, vV FEfiS Vb Oalzlz 3 EORmOKET, 2 FEHO +
BImE 2 T, GEF 6 O FERZ1To72, (Table 1) 72k, Kt —IC K DMENEIL,
WOREZRS Ocm & T5, 2FV, vATFOHLEDOTIE, ~NVFLEWOERN, RS Ocm
(T %, HEBRKTHR, REMETREZITV, KoBEZHE L, Fo, fKkTHaMsSELY
DT, BEREEGRE LT,
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3) EERFER

FEE AT mROMRGE(E Fig.2 (R, R AR
EH(INLTORWNE DT~ 30mm O~ /LFT
149 1/2 12, 10mm O~ /L F TIEHK 1/4 12z b
Tu =,

Flo, AT OFEIZL ST, 77 7DORRIZ
EWRBE LT, IV TF NV, BRIFE(LD
ABLRFOITE T IREBITFERL NI IR > TN D DI
Xt LT, v TR D 25E1EL. Bl bIZIFERIR
272> Tz, ZAUd, ZARBHEEDENIZL D H D
ThDEEZLID, vV TFNRNEE TR B R
BEORKECOPHOABLNBIRDIX, D EED
HEREENRKE WO TH D, £ LT, ZHEHED
KT &L BT ERAREORRFE O ABITES
MZieote, —Ji, w VT NS H5E TR E D
AT 72 F ORER, BEAR EORKZED
BEIZEGIT A BN o Tn, DT EnD, <L
FIZ L > T OB RAFED AN TND Z
EDERTE o, Z LT, A TFOREDN/NI W
EZOMEIIRENT ERAL N7,
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Fig.4 | 6 FE O FEBRSATT X COFTED HRHIBIT 2Ky BES M ERT, TN OERTE
KZERBEOOIEIZED LT TWD0ORDb 5, BOREIT AT RRVEEN—FLL . K
DAL DOEI VT NRNGENR—FERENZ EBnbND, AT RRNEEIEL, FOREIICER
JE DK DA L, K DWDTIRVLEE TRATEY, S 25cm O TEH H HFEE DK
FWLRH BN, —FH, AT RBL5EE. REOKGEDIL, REIVESHTHD, =6
(2, 30mm O~ /LF TIHES 15ecm OHISFE Th HFEE DKV DA BT, 10mm D~ /L
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FTITEE 15cm OHUS TH K GEAD ITbT N TH- 7=,

4) RERFELED

VIV TFIT L o T, BEEAREIT
BT, i, < IVFRRNWEA,
AL TN R & < OB TR
I L RIE—EIL 2o 72, AT
*LT, ~VTFRHLHEEIL, ZARE
FiIobnbigiE—EThoT, Th
E AT RRWEEIE, I OB
TRBEOKGEBRELL PO LIZZ
LIz Y | EEA~OAS BB E Fig.5 BBKMORR
ol ThbEBZEZLND, —T,
~ VT NHLEET, FEDOKOREA
AR ZERHREI BT G 2 o T2, LEDORER S = LT3R EN S OO
REIENNREN B D Z & DR STz,

4. HBhYIC

B AR B VR X 0 3K OBLIR EFHE FTREZR 3 BIR O BIFEIZ DUV TR~ 72 BT, Bk L
i D—2>ThHDHL ¥~ /LTI DR OB RO MFEIERI DOV TR LT,

ZOFEBRTIIL X~ N T Lo TR BEMHI TELI L5 /R U, K% EOMHIXEIKICEEREO,
O T, BRI TO EMEOKRGBELEAD SELIEND, HBEEROBBZ LI T 52
LM TEDLEEZDND,

LL7e 30 SRR L W) A EBIRIL, 55— DD I E TR CEHH O TIEL, Witk 414,
FEWEIX | 72 E Rk % 7o AT — D CHRIDALEN T D T iEE A RIS E S H 22T AUZ R A2 IS A
TeZ LI RATHETH D, Figh 1E, LEF AT RLOERO KB CRBICHNER LI EE THD,
ZDRIZRIRPUNT I o T TEEDOEHEITIZZ R ORE LR A LEIT/R D Z L ITHNTH Y | LR
EHIERISARANIENEEL D,

5| F>CEk

BN (2001) : RERHIOORRIERY, FRRREEIR ORI, B TARTREE 69(5) : 521-523
g2 (2009) : SR)IAERICIT 2 EKERERMES L O DR & %5K, Science Portal China
ARIFHEFE - FF EJEL (2001) @ K5y - M5y - BAO RSO MEIT . H13 425 B BUR 7 iz i
WHget v 7 — L FENFER R E TR © 29-32
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EFERDBERERBEOREARK

RNLICEZ « /N
AR K2 A B IR

BRI EEXIZITFEORWELE 2 H 5, FHTEICE)IER TR s 5, EIPFERITAR
KOALERINALET D, R OH « BRIV TEOFHBESALOAE ILE T, OGNS E
DAV R A BRI E T oAk 37 B 20 43~39 & 23 47, HFE 105 £ 00 43 ~107 £ 00 4312 IR -
TW5 (851 X), FEdbiE 165km, HPHIE 42~60km TH V) | FEFEIT 7295kn’ Tdh 5, FIF D
HEPIE 1100 205 1400m TH D, [FIEFICIE 2000 4ET < (S 72 BB OB R 1355, DK%
SIS AKFITERE Ao < 22 BRI S v, HKEE, B, WERES & 2 AR B 5 RIHkII5 555
X & MRS, HEMEMmFEIL 40 7 ha [IZEE L TR Y | FREAKED 200mm 22 O R - 528k il
RAED Z ORI 31T DM E O BEERAE L e > T D,

REENIBICALE T 2 E TR OREZENRE <. HRFEEFARV, THEIIEIRTH Y | 31
OEE AKX DFREICHE LI HERRE CTH L, 7272 L AERDE W DI EFECA EFH (L
et al., 2003) DREEHELZZITT <, EHEIRTHKITITRIRITKURIME T 2 72 DI
MEHND, ZO, BETIEMGETERH Y . EAEHMPENRAO B AR SN LEND
(Stone 1990), 1980 EMUCITAARD T X B Y BNEASND 2L, AANEE BRERIA LT 585
ARFEB M T O, BAREEK & BRI LT KRR E 2 & D ORIE N, EEEKITEWE
ZENL, HEHICBWTIEREZEA~O EMTh o7z, LLARB G, SEEERDMEITRREM
ICR&E S EIHL (Zhang 1993) . IEFE T, ZINE B L2 ZIEREOBFITINZ . HERRBRZL
WCED2EHOEBIZE YD 2 AOMEIR TR ESENTND,

FENCEBWTHMHTEZ T RERKA~OFENRE LR 205 D, FICHERILEED
H ARK ORI &V, HIETIX 2000 FEE B ERFEO LN D72 720 M50 Do 5 HARRLKA
SEMICERT D Lo 7 (BEE 2008), BEELE CIIMETECREWMEO BT LD D
EEblT, [9FnaRr) OfpEME LTHERIEKRT 7> RS TE7e, £/, AARMEMH®
WX BB EAL, FEEIEM S Ca e Y TR X avTOAEEEZFHRRIC L, HARMFENF
EfHICAS ZTANOGNTELZ L ZO—HTHS (B 2008), fE-> T, BEEOKRTERE
ZIE L. REW TEME R AARRKZ AT UL, REICB T 2EEEROTGHS ) 2 mD
EEOREAFEE IDIIBRBRIEDLZENTEHAREENRD S,

AARPEKRIZRABKTH D L OEEBENARICIZH D, LonL, fiFICkFE ST\ D AAR
Kem @O R L0 AEEFCHE LI Ty, B HBkIZE Y, BARERNE
BRI S 6 INTHmAIT, ZORWRIC EDREDEN N 8 D D)% FERIIZH 520N Lz#H
FIIRR LTS, —FH, FEEBAROHARRKZ RS THRE L, £ORMKE i L 7-4H5E
D b00 (BES 1999), FEED H ARBRK ORI & A E OREAIZ DWW TEH 50 TR
VY, FZTAMFETCIER, SIPER TR S, TSI TIRGE STV B FE B AR ORE
KDOEM LML E Z B AROFHIIEAEIZHE - TR, REMKPERD B AKX & i35 Z & T,
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HEIKOBEOTUREATIR LT U I Ha s L1,

PEARSANE ///;§¥ﬁﬂﬁﬁz

EZOKREAER

A /
( \
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\
ERlE |

B Rk R 72
o~

 /)/5

1IN SEERRARKSEEXICRIT D8RR REY 7L KA
[ FP RPN D FERR I TIERE K B 22 7T

FHEHE

2010 4 9 ALZERIITHN (FPE) ERITHN (AAR) ORA— =7 b NTKEIE BT, BAR
AR OREEKEIEA Uiz, $R)ITHNCIIEEHCREM A B & By L, R, deawkrd, i,
KEEERL SR, R AFER L T2 2 A RBEEROMEE L GE1IKD)., —F. AARERNIC
BWTIE, BOIEHEEOZWEFHETHL AT B VITHONT, KbE T v 7 ORI %R
THEHTH DHREDET (RAK) L BIRRCZE (C£2K) RN, HRIEWT 712
b5 BRIBEER (BIRK) & AAEXROMEIE L, BWEEFEICOWTITRRE, &
BHERE, Ko, 7In—AG5HFRE KWK (& 745 RLTA10A) 12X 0 #IE L7z,
SMBLE I DWW TR TR BB SE R IR EDRL I & Wi b & BRIl s (V- & - #1584 RGQI10A)
IZRVRDIZ, Tk, BEEEKITHES BT UERE % %0 72 ECRARERNIZBWTHOTIC
it L7z,
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BAEX EEFERORKRELERE & M5k Tiits

BH K ORWEITEMREZRNTH 75 THY B1£R). BAROBHRNENLE SN D a A
OEWME (T0LLTF) Lo bEm< LR AR Ch 7o, BHMREEORWMEIZERAKLEFR T 81 T
b RREWKE R L, BARENTHLREDRE T V7 L SNHEMDRMRK, (ZKIL 85 &7D
FEFICEOVEBRECTHoTz, o, BABGARLT I —RAEHFEL 20 2 EHIIMOFEM XV
HELSIRWMEZ R LTz, BEEXROEAGHRIL6.5~7 OFHICH Y, 7 In—RAEHRITO
WTIE18.6~19 & HAPEDE /b7 V| HAKEFEDMMA/RTH 21%GH 2000) LV $22720
BVMEZ R L2, 2 ADOREBROTEDIZIIEAGARLE T I B —AGHEMRN ENEFL X
THD (EH 1999), ﬁﬁf’ig@n‘*%ﬁ% LEHEKITIRRWTH DL Z bbb, —J, BE
FEA DTSR IZIE 312~531 [ DIED & > 7273 iliks & &0k & ORITIZBIRARD b o7z,
Z LT, BHEPEL AAREROTIGRTAMAS ITIIK 75 0ENH -T2,

EE i3 E"ﬂlﬁ ﬁEI%%# 7K§J\:EE:E ')"\El AEHE

(F/5kg) (%) (%) (%)

ERmH 340 76 7.2 13.8 19
FiRdE 361 76 6.8 13.3 18.9
EXmH 340 75 7.1 135 19
XKEE 312 75 7 134 19
R 531 75 7 13.8 19.1
EEe 326 81 6.5 13.8 185

(B) BRX% 2080 81 6.6 14.4 185
B) =% % 2980 85 6.1 14.3 18.1
(B) KKK — 85 5.9 14.3 18

BAEREEEERONERERERE

KRR ZEH R & AARER T T2 & (B 2£), ik, RifE, KIE & I HARERN
RELSFEHBITIZER L CTh o7, —FH., BEEKITEMB CRRICIELSDERA 6N, 20
TR AAEXROMEE 2V D VIS L2 ST A, BEPEK TR L OFHREEN
R4y Td 5 FTREMENRIR ST, SMBLIE 1T B APE K D3 95% D2 Rt 2 /R DIcxt L, &8
HPERITERNNT LS OIE & A EDFEHN BOWLA F TH o7, BB O FERZH~5 L, H
AFER TR RILE DS 2. 6%LL FTH D DITK L, BEEXRKIT 3~8% L En-oT-, 7o, Hekitbix
HAHER D A%LL T T D DIk U, BEEFEKITER) T LS OFEHLT 13~22% & o m < (B2 ),
PR DI AENEZ RO E 2 RESIK TS TV L ERFKTH -T2, BERAFE LT TH-
T B HIPE & B K ORRMBLZ LT % & (B 3 M) . BRKINIEF 2Bl A" DIkt L, B
PEITARBLO PR CHEINZ Y | KRN AL B D78 EOMBEEZ FF KRN L Bl Sz,
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F2k ETEXRLAAREXRDINE L EEERE
£El Kk fife ME BE Ssaffutt BIRERE BRRLE
(mm)  (mm)  (mm) (%) (%) (%)
EE 436 261 185 399 78.3 6.1 15.5
HET 450 268 188 416 78.5 8 13.3
ZEH™ 441 261 1.86 405 79.9 6.4 134
KER 438 261 1.86 403 81.1 4.1 14.6
R 476 252 183 400 88.7 2.9 8.2
EEE 422 257 184 413 711 6.4 22.2
(8) BIEX 480 288 190 377 96.7 15 1.8
B) {Z%X 470 288 193 393 94.4 2.6 3
B) KX 470 287 189  39.8 94.8 1.2 3.9

Rt (%)
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HED R Sk k=1 Wb SR BERK 2K KAOK
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FH2MX. EREEEKLE AARERONMLIE (Wehitk) O

A IIAAYAYA Y
205305900 4qp
ML TLLLY

JALTSPAMA LM
$ 433008200400
IEIRETXFAYL

BAREX(BRXK)

EFEX(EERE)

33X, AR (EMEE) & HARER (BIRK) OXKEER
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EFEXRDBRENEREDHELEK

B K OTGORE FUKMIS & AMELE GERKIL) L OBMRE RO L L 4K, liE DOfH
[IXEDEARBIBIRN B o 72, BRI E - 72 B RE O TS MRS MR 2 Sz, se4hn
mﬁmwotﬁMmF@ﬁ%ﬁﬁﬁwok_Eﬁg(%1%)ﬁﬂﬁﬁf@%é%@ﬁ%ﬁ%m
BRTIHRL . BCAHMBREICL > TIRIESNTWS EE X DN, - T, a2 ADNENWE %
mEx®E5Z & ﬁ’ﬂﬁﬁfﬂﬁ%‘%m&)\ THSE I FF ST DD HE N7 FiEE 720 25 L EF 25,

SMBLEE IR DF A 2 £ & LT, IR THMRERIC K VIR F L Twie (B 2K), SBLWE D
] D7 DI KR A YGET DI, HWO R T EE T OB Z0ERS D, SEFEKITKRIE
WA BARELRE I U T/hE L BRIRERINZ S FAE L Tz, KR A X &R IKTRIE
MR E I OB e > TR L, 1k 72 0 DA b O ELEN B35 L ILAEMN
N2 (FHEHD 2010), L7zdd-> T, FlEECRAROUEIZ LV Y 72  ORE A i3
%L TRRIRERLZ D S5 2 ENRE LA S, —JF, BEEITIRE LR KRR &k T
BEHIORE B3 @, £ D72, BNZIEN e 0 OFEIRE 725 TH 9 AT 2RI RIRAME T
L. A XROBAMERT D AEENEDR D D, BRAARRIZNEORA 72T T2 MR EIC H K& <
HETL, o T, KIBICRDETICINELZKR AL Z LN TED, LV RAEMORFEOEANNE
TS 9, HRDWEERFERTHDWRICHOWT, PETITEZEREEORE TR (WEY B
FOREA) (BT DHERIORAEN L | ZMRITAERFEIZ IEE U CRERLE 72 0 o W 2 E 3 5

MIZENTVD (D 2002), Fio, INHEROIREIFLE & iR TR%Z ORI ime®W%

BtRBH o7 (BB 2002), 1> T, FEFHTIAFIANLOFRAELIRT S5 2 & B3OS
B TH D, KROIHFFUI D E O EAKEIME T U CREEE A U 72 KRS KR 4%
E D ARSOHKIT £ 0 RIS oA R 2 A U KRRIN COMNBIIERE EN REL oD 2 &
TRAETLEEND (EHED 2005), ZD7®, WENORELZIKR Y I 51C0F, @O EEE
B DONLZRIZ LY AR ZRE L, FONBNAZIS ZENEETHD, T LT, BEAPIH DK
B X o TIRBINZ I3 2388588 (RE D 2005) OEADIE), EMINIZIREIN 24T
WL WETFEEBE A LETHA 9,
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R ESLR PR P E BB AR %

FLHIZ

EHRZ < OBEFREAETIE, KFIERA P —2 0L E T HRBBEOHEN 2SN TEY |
EZFOEH - HEROTRL &R > TEIRMER IR E > T\ 5D, HIETH EEMEOFEINE S
AT R TORIREN 72 S TETNDN, M5 TIXHIEHE 2O & 1EH 2 WITFRF SRS o4 &
VO BURBLE D T SRR O BAFELCER IR 2 & W BB OBRE L 720 2o dh 5,
NI, FECRT IS REEEDAEFE - G LOHEFHEOME LA O L, Bl
SHTH HHOE T, BAD D DEINBIRO ATREMEEFIZ S 510D, LRROBURGERELZ H > To
HEORmeBEBLRETHZ L & LTzvy,

LEHEROFBEENIERE

L& & 0 < o Tk, HERFRBCOGIEOG R & [EEAL TOBIRO L E MR
S SN TS, EICEROREENBOEDEE LIN, L7 AZLVETDH, 22Tk
WOR—=ZAAZNVEERIGZDO LT A XNV EFERT D) IZO0WT, FHHRELS XK 1 THER
LTI,

BIZIE, Z o T AT RS EBEBIROER Lol (UUF, V77 —RAET5) il
IR E EIZH 82%. 82%) 12, v H oYU Al oseB&HOESER TP RT 27T
(LU I TATF, = HDR 8T%) orv T (NFUTLADK 38%) 12, = v 7 uidAt
—ZARZ7U7 (K42%) oL LTHEINL TV,

LEZEEDE LTSN OTH LM, il TX—AA X)L (8, HhE L WoTo R
R EN L WEE) ORIEDOGE LB 5, Blé LT, SDORIFEM THLHEY 77 )
HIE (89 49%) 7 AV T (K42%) 12, =y T VR OEORIFEY Th L a v bpar 3 (5
53%) T, & OICIKREBMEICMNAERITTREDOA V0 LTHE RO ORIFEY TH 0 FE (1
94%) IZFE L THESNATWDLDONRBIRTH S,

YLk &<IT, TEORERE & 2SS B - @R HE IR OS2 AHT 5 £ TIcE
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RBEFOEHZEEHI O LR 55, LT, WEIZBT ISR OEEDRNEZ AL Z LI L
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2. FEDFHRERBDLERE

HECIE, 25 10 B AEFFE] (2001~2005 4F) . 25 11 AV 4AEEHE] (2006~2010 4F)
IZBWTC, EICEFREFHBURZ MO TE WD, Eito®iflicks T, Z0ERICH HIEHE
JBOEFEROHER 2 MK 2 THEE L THZ 9,

PETIE, 8, 7 =T A @, e Vo m EEARAN— X X LOAFERIE, 1990 FEK
URHZEIE B L THEMLTEBY, EXIETAVI=ULAOHEENEE L > TWD, E-FH L
TAEN (FEOFIR E=y v, 8, TUTFEY IRV UL, FTHUEKR) AERITE
FEEB N8 2 N KBTI <. v TR T LOEFERMAE LU,

Kz 2 HEICBITRHEEERE (R—RARXAFZ)N, LT AZNL) OEEEHDL
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EHICXE 3 TABDEREEEZAD L, EROEFN—A X X ONTIE, AR L
TW5, FThEARAEMEE L, $EEN/SEEREFEOMIC, WM, T, 2. WH
FEOPEA M LR ER ST 6 b,

)7 C EROFFL T A X DWW TIIRAE L TRV, EApElg s Uik, Em, A,
BN, ORI A Mk S WEEE DT N TE D, FBEICAD ET X U TEE, v
IV AT IOEE 2SI L TWD 2 Elbnd,
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NS EREE . ARACHIXLOC K ey Sl s IR DA AW AR B AR ITE 3321 A\, Bkl 2%
8191 N, 15 96%; H 5 1905 (59.7%) A, Zctk 1286 (40.3%) N, FidiilHK 20~75
%, “PIHER N 42.23+11.69 % .
2. MRABRTFTE

AHF GG G A A, A IR A S == A 3 AN
2.1 a5 RE

KA EAT RO R S AT IO T B0 0 A, AR O K. e, Wl Fi ]
W FETEL DUk, TEs FEEWONIE G ISWIRAL . ST R @M BRI OB
SN IR DL, @B S AZ . g A OIILERR . miiE. BR. &l
HLRE BT T B AT B e s S R 241 0L SRR gt A% s 55
2.2 KRR E

Wyl G E, EEL BB ALE, 20 EFREAR BRI TAT, FEiEhs ok
(B R A At RO & 2K L VAT I &

O mEEENE: AR EL MR 7:00—9:30 THENE, TRFL, FRERR, B
o SO A, A RS R S S B AE [R]— R BT, SR ARRRKSE, RS E) 0.5¢m;
AR I REHES KAME, VBB A i TR AT R R CARIC AL S, B ARORIFE L, U O
TEAREM, RSAL, WSS 0.6kg, IR AR B(BMD=1k HE(kg)/ & Fi(m2) . @ H
SRR MR B, BRSO, XU R, XUEMIEE 25~30cm, VAME N & A
AL b s KPS/ N AR R IE R, RERAE) 0.2cm; BLSL, DARCE MK T 5ok 42 AR,
K% 0.2cm. A LL(WHR)=IEFE/&H . @MmAENE: W&, $HEEALMARE 5min
G, B4 LA EIREINE, BEE TR —AKCE, R A 5 SN ke T B, R
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GAEN B L L 2~3 JEOK, it 2 BOE A TRk, UL Korotokoff %5 1 &M% 5 & 3E XN SBP
A DBP, FEZEN 2 7%, (ARG 30 &b, HL 2 -PIME NI RS R .
2.3 KB AR

KAE R MR 10 /DD EFIIKIAE , Bl EWE T REE T 10 /N 23 1 /K3t 5ml,
Horbogr iUkt 1~1.5m] A TAS I I (FPG),  JEputil 3~3.5ml 4 B ILE A fLEER, 20°C
AURORAE , TR LI [ B (T C)  Hl = BR(TG) « % B2 iR 22 1 (HDL-©) iK% FE Jig £ 11 (LDL-C).
MPREE (UA). 1TXRIREEN (AST). WRAMRKEZNE (ALT) SAfals, M4 Az e i
¢ CEAR A 200002700, HA #EATEMACHIRbRE, N M4 i (432 SE9000) i#
AT 0L A o
3 BRI
3.1 RIS ATERISHIARE: RAWMT 3 NMERTAEARARIIRE,

3.1.1 2005 4 [ Bl i 1 B (DRI 25 A A1k e S0k —MAMRTE BAT Db 48 b 1) 2l b 2 /D ik B
A H AR AR AT AT 9 1003 7T 2 W o B R BT

W EAEAR

O PR PR QI PN T e g SO SR BEE>90 JEK, 2 P15 >80 JEK)

HoAhEbx:

OH i =B/ P I hEr>1. Tmmol/L, 5 B 43 2 AT X RIE YT - @ HDL-C /KRR EL 82 32 £ 0H%
VAT 5B M <1.03mmol/L, M <1.29mmol/L. QIMLEF & U 4EE>130mmHg &7 5k &
>85mmHg, Bk O 52 B iR T U AT CAG2S W R . @2 IR RS Ty 2 IR A >5.6mmol /L,
S W 2 RUBE PR
3.1.2 2002 3 [H FH 5 JH E B H IR NG T B R A =kTEr (NCEP-ATPID CHIZR&
AER TAE & X O ORYAEREIERE (WC) HiE>102em, % >88ecm;@ifil TG>1.70mmol/L; &
HDL-C: ¥ <1.08mmol/L, % <1.29mmol/l; @Z F M FPG>6.1mmol/L; @& lfil/E:
Bp>130/85mmHg.

HAVLLE 5 W) 3 1iek 3 I A L& w2 Wi &R &1L

3.1.3 2005 4, S&ELEH2(AHA)X ATPI(2002) 2T r#E(ATPINZIT) Y, 774 F 51 3 1
LUl b . OIERUIERE T SE PN 55 1E>90cm, L PE>80cm; @ TG 1L
5iE'TG>1.70mmol/L; @1 HDL-C F#{:HDL-C<1.03mmol/L(38 #4:), HDL-C<1.29mmol/L(Z 1)
@& I % >130/85mmHg:; ® & M FPG>5.6mmol/L.

3.2 MR A B TR bR

O E . JERERZ T 10 2001 5 DA Crb B R B SRR R PR 46 R ) A iEs],

RFAEE (BMDD <18.5 AfAE (L, BMI=18.5~23.9 HIE#H, BMI=24.0~27.9 ke/m* }yili i,
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>28.0 kg/m AL, A HEAERE: R B E>85ecm, ZHE>80cm. @M EMIE L : 2% 2005 F
o E R B v R R el IR 4EE (SBP) >140mmHg 5575k K (DBP)>90mmHg . @## FRI7 :
FPG>7.0mmol/L 8% IE/E 8252 [E Bk 250 yT ¥ S IEMAESZ 4 : FPG>6.1mmol/L H<7.0mmol/L,
SRR N A . @IMUE 3 AR 1997 - FIE IR 57 By i G WOUE IOpRAE LS4 T 120, & TC i
fiE: TC>5.72mmol/L; & TG IfifiE: TG>1.70mmol/L; & LDL-C [fijiE: LDL-C>3.64mmol/L; ik
HDL-C IfifiE: HDL-C<0.91mmol/L; ik 4 Rl AR 1 Rl RIS i A 5 %
4. =
OT AT AT — R TR EAE R, BRRERFIEZR . AR R BTG 5 Ak
BAGL, SRR N A MECA, DT TET RITR A .
@IS IA A TR S TAENGY, (R @A L G — JEAT: S AR R Il R0 & 35 el
REM T NG DT, M6 (MRS A 7T d A oA B0 R 52 (R BRI 6 55
QERZ NI AR LAEN RIETT 10 4080 BBE, W& S K R AT TR, WRER., E
THREUR N0, M (AR A AR 2 4 H AT AN S IR/ I %, A0 Sk 4t 5 it 3 2
A8 FH )55 268 T A VR T SE o
@OEANIRE S EEMBE N T 2.
Ofax L NIRRT, AIEH R R 7T, AR A A SRR 1
©%ER XN BN AL,
5901 b

H EpiData @ r 8, Ho i T N THENL, o0 To 5 A 4dE R H SPSS11.5 &
BTS00, FRERE SRS (X S For, RIOLEM CR%. FRERIEEH u
Ko, FHZ R AE% M Logistic [FIEJ 04T MS 5 H A KGR 2 Z [ K R

SR

1. —fRIER

AU FALAA 3321 N, BRSFFAFE N 3191 A, [ 96%. HH 5 1905 N (59.7%), Lt
1286 A (40.3%), 4G 20~75 &, P3RS 42.23+11.69 %; B TN 1295 A (40.6%),
T 1896 A(59.4%), 34 T 21.27+11.60 7 % UK 2685 N(84.1%), [l 428 N(13.4%),
HAth 78 N (2.5%); SCHFEEE: ¥ 225 A(7.1%), @i 475 A(14.9%), K% 990 A(31.0%), K
%1382 AN(43.3%), il J2 DL | 119 AN (3.7%) #EARIRZS: T4 2794 N (87.6%), KU 308 A (9.7%),
B 49 N(1.5%), FR4S 11 A\ (0.3%), 15 29 AN(0.9%); HIHEXFi% 10 & —F B BT 4,
¥ 60 LA EAIF N, N 5 NMERA, 20~ 454 N(14.2%), 30~ %41 929 N (29.1%),
40~ %4 1035 AN(32.4%), 50~% 4 511 AN(16.0%), 60 % & VL L 262 A (8.2%).
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2. TERWABRSHMESERNRITIR
2.1 TEFERE HRIE AR EESERITINIR

W AB IDF.NCEP-ATPII.ATPIE 1T = FiZ Wibritk (17 MS HLE 2 73 518 24.9%+15.9%
29.9%, HRALEIRES AN 15.4% 9.9%. 18.5%. A 5k MS MR F 58 32.4%. 19.9%.
38.7%, bRt R4 A8 20.0% 12.3%- 23.9%: 2t MS 2554 13.8%- 9.8%- 16.9%,
PR BT 73 8.6% 6.1%. 10.4%. FYERZHE B R MR, =MieWibsidE T, Stk
W ST bk, PR ZERIA Gt L (B A<0.01),

Yt FoN GAL RS B ) BoR , =2 Wiksit: MS A S SR B 38 K 2 B THEa s (3
<0.01). 51 MS BRI FEER K R BT (3 £<0.01), 7€ IDF. CDS. ATPIIE
TTHRETS, BURRIE 50~ 5 4k mie, 78 NCEP-ATPIIARHE T, HHRAE>60 &M ikmiE, &
P MIS R 2 il 47 4 18K T 084 s Pyt 35 240 ) B (B B<0.01) 5 /S [R5 2L 1] S50 24 14 2 b R e v

(¥ P<0.01).

REPES] L AR 4 8] R 6 L4 B 8o, 76 IDF A ATPIEIT FRAE T, (R>60 2 40 Loitk
KT RS (P<0.01), HAFFEBARMEMS BREEmTat, ZRaREE L (Y
P<0.01); 7 NCEP-ATPIIZWikrifE T, J %4 MS B RIE 50~ L >60 % 40 % 7 40t
M(P>0.05), HAt & EH MS B2 Btk m T 2ok, 22 7356 Guit % (3 £<0.01). L3 1.

R 1 OAFER. TEABNL N MS B 5

R WA AN IDF NCEP-ATPII ATPIIEIT

HY) B F%) 2w B% B L) A% B (%) &%)
20~ 195 259 149 1.9 7.5 7.7 1.5 42 174 23 8.8
30~ 497 432 272 5.1 16.9 11.7 4.9 85 314 83 20.7

40~ 647 3838 357 16.5 28.5 24.0 11.3 19.2 439 209 35.3
50~ 377 134 40.8 299 38.0 26.0 20.1 245 491 3851 45.4
60~ 189 73  36.0 63.0 43.5 28.6 41.1 32.1 423 644 48.5

&1t 1905 1286 32.4 138 24.9 19.9 9.8 159 38.7 16.8 29.9

2.2 Bl SXRERML ABE NS Y EBRRE

AV L DU 2685 (84.1%), HrR B 1625 N, 15 60.52%, & 1060 A, /i 39.48%;
[l 428 N, Ho 5% 236 N, 15 55.14%, %Pk 192 N, 5 44.86%. X H IDF. NCEP-ATPII.
ATPIUMEIT 2 WrbriE, DUBE AR MS (R E0R 255108 25.1%. 15.8%, 30.0%, Frik 0255l N
16.4%. 10.4%. 19.6%; Hr SR ER A58 32.1%. 19.7%, 38.1%, Il EWiZ5 AN
20.9%. 12.9%. 24.9%, ZHERIHLERES N 14.4% 9.9%. 17.6%, bk BRI HN 9.5%.
6.5%- 11.5%. [ AFE MS KL R 50N 24.1%. 15.4%, 29.7%, b B8 13.83%-
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8.5%+16.4% , FH 55 14 (AL EE T 20 BN 85.2% 20.8% 42.8% , bt ST 4151 N 19.8% 11.4% .
23.5%, EHPHLERR N 10.4%. 8.9%. 13.5%, ILEIHRHES AN 5.8% 4.9% 7.5%.

SRS WIRE T, DUK MS Sk, Bk, otEba i BUm S TR (¥ P<0.05): Bl B
SRR T (M) P<0.05). ILE 2.

® 2 BRI AT MS (5 R H L

Z bRt B WG R
55(%) L% (%) B L) E%)
IDF AR R 32.1 14.4 25.1 35.2 10.4 24.1
FrAb B 2 20.9%.4 9.54 16.44 19.3" 5.8 13.3
ATPII FH B 19.7 9.9 15.8 20.8 8.9 15.4
FrAk B 12.97.4 6.54 10.44 11.4" 4.9 8.5
ATPIEIT MR 38.1 17.6 30.0 42.8 13.5 29.7
PRk 7 R 24.9%.4 11.54  19.64 23.5" 7.5 16.4

E: RS EEE: A P<0.05; MFERES «bik: " P<0.05.

2.3 RBIGZEIMENEHE XBMMRIER (R

KH] IDF b, AT G, RN Boag oo rEAERE. sl =Ee e . (%% G & B
R L R TR AR S K MIS SR 65 191(8.2%), A4 DURMCHE 510 MS &3 204
11(25.7%), HA& =P 1) B8 525 11(66.1%), W1l 4 B . i WL & Ao rEie
+H i =R R LR (31.2%) B/ HIZE & D L P PR I e PR Ml B A IMUAE + 7 K (6.8%) o

KM NCEP-ATPIII #rif, [FIRFR & O, mH ol =ERiaE . e R R A A . &
MR iR ) MS B 10 $1(2.0%), B PURMRE R ) MS B3y 104 $1(20.6%), H#&=
Tl AR 6 ¥ 5 392 491(77.4%), WK 6.0 5 WL AR AL e H il =l AT+ i 2 P2 I 2 1
iE+ iR ML (38.8%) - fie/ R ZH- 2y rh L PR AL PR - {1 o % 21 2 1A LA + 1 ML (1.6%) o

KA ATPIE T AR, AT SO R R A OPEREE . ol = B IOAE L G v B iR 2R
FUME e e U TR A 5 4 1) MES #8380 65 191(6.8%), R4 DURMCHTE % (K] MS /%0
377 #1(39.5%), Bk —F QR H KB FE N 512 B11(53.7%), W& 7 Fran. e WHIAE oot
N+ iR TG+ &L (21.6%), > HE K HDL-C+ m ML+ = b (4.2%).

*3 W AREMS G

ZHrbriE O WAL wROHE
IDF O PEIERE 4 TG+ ik (31.2%)  HO PR+ HDL-C+ s i 4%(6.8%)

NCEP-ATPII & TG+t HDL-C+ & fil £ (38.8%) O R B+ HDL-C -5 b (1.6%)
ATPIIEIT O PEIERE+ & TG+ i E(21.6%) ik HDL-C+ i ifilJE+s M (4.2%)
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2.4 N[5 BMI 2By 51K i4
LLBMI 4 )5, =FhizibsdiiCist

FERERIE H1E)
CROMER BRI R SRR 2 B, Lh¥pEE BMI [
Wn, SR ETHES . BE. IR AR MS B R E TR EH A RGN AR, Bk
)L 2o A B Giit 22 L (3 P<0.01). W3 4.

# 4 A[F BMI /KA

o
oa

AL (A H 1

BMI LN IDF NCEP-ATPII ATPIIELT
(Kg/m')  5B# i B &%) B B® & m) B k) %)
<185 49 152 6.1 0.7 6.1 2.0 0 0.5 6.0 0.7 2.0
18.5~ 692 885 7.7 7.8 9.4 3.0 0.8 1.8 13.6 11.2 12.2
24.0~ 917 216 41.4 403 21.8 338 21.7 315 493 44.0 48.3
28.0~ 247 33 72.5 66.7 453 603 455 586  76.1 66.7 75.0
it 1905 1286 324 13.8 249 199 9.8 15.9  38.7 16.9 29.9

3. MS HHXEBMRERNZERIERMY Logistic BT
DR MS NRAR R, FRY. PEA. R, TRl T#S. MSWRIRNL. SCILFRRE . A AR
BEFR U WS B RS L. BMI. WC A (bRl hn A8 B 2 [N K AE 41 Logistic
AT, SRa =FsWibedt, YRR, 8. Ol AERE (& BMI 8= FED. SBP. DBP. TG.
FPG. UA. WBC. AST. ALT b MS fal Rz, SCILFREA R HDL-C 2 MS MRy F %,
W#E 5. £6. KT,

5 MSMHKEZEM AR Logistic [F1H73#7 45 RADF)

2

BEY 8 S.E X P OR 95% CL

PE 531 -0.826 0.102 65.319 0.000 0.438 0.359~0.535
RS 0.046 0.004 118.144 0.000 1.047 1.038~1.055
YAHFEE -0.109 0.045 5.808 0.016 0.897 0.821~0.980
8] 0.452 0.107 17.944 0.000 1.572 0.792~0.959
BMI 0.150 0.033 20.714 0.000 1.162 1.275~1.937
WC 0.148 0.012 146.458 0.000 1.160 1.132~1.188
SBP 0.024 0.005 24.457 0.000 1.024 1.015~1.034
DBP 0.017 0.007 5.440 0.020 1.017 1.003~1.032
TG 0.288 0.048 36.001 0.000 1.334 1.214~1.465
TC 0.230 0.077 8.963 0.003 1.259 1.083~1.463
HDL-C -1.769 0.244 52.688 0.000 0.170 0.106~0.275
Ik 0.283 0.046 38.018 0.000 1.327 1.213~1.452
UA 0.003 0.001 4.111 0.043 0.998 0.997~1.000
ALT 0.008 0.003 6.049 0.014 1.008 1.002~1.015
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# 6 MS MHXHEFENAEFM Logistic [FJH50 45 RINCEP-ATPII)

TR 8 S.E r P OR 95% CL

PE -0.604 0.188 178.444 0.000 0.547  0.437~0.683
GRS 0.047 0.005 92.830 0.000 1.048  1.038~1.058
SCAFERE -0.141 0.052 7.422 0.006 0.869  0.785~0.961
WC 0.081 0.015 29.689 0.000 1.084  1.053~1.116
SBP 0.028 0.006 26.171 0.000 1.029  1.018~1.040
DBP 0.039 0.008 22.225 0.000 1.040  1.024~1.057
TG 0.619 0.159 15.130 0.000 1.857  1.359~2.536
HDL-C -5.856 0.356 270.363 0.000 0.003  0.001~0.006
LDL-C 0.616 0.108 32.624 0.000 0.540  0.437~0.667
I 0.480 0.052 87.250 0.000 1.624  1.467~1.797
WBC 0.096 0.041 5.390 0.019 1.101  1.016~1.192
AST -0.023 0.11 4.047 0.044 0.978  0.956~0.999
ALT 0.015 0.006 6.710 0.010 1.015  1.004~1.027

# 7 MS HRKE RIS Logistic [[VA5>#r 45 B(ATPIIA1T)

Bl 8 S.E r P OR 95% CL

RS 0.018 0.006 10.781 0.000 1.018 1.007~1.030
P51 -0.871 0.096 82.851 0.000 0.418 0.347~0.505
T4 0.047 0.004 1 38.390 0.000 1.048 1.040~1.056
SRR -0.116 0.043 7.211 0.007 0.890 0.818~0.969
] 0.358 0.101 12.536 0.000 1.431 1.174~1.744
BMI 0.116 0.032 12.766 0.000 1.123 1.054~1.196
WC 0.081 0.015 29.689 0.000 1.084 1.053~1.116
SBP 0.028 0.006 26.171 0.000 1.029 1.018~1.040
DBP 0.039 0.008 22.225 0.000 1.040 1.024~1.057
TG 0.549 0.059 87.013 0.000 1.732 1.543~1.944
TC 0.222 0.077 8.284 0.004 1.248 1.073~1.452
HDL-C -2.910 0.253 132.025 0.000 0.054 0.033~0.089
1% 0.529 0.067 62.233 0.000 1.697 1.488~1.936
UA 0.002 0.001 7.450 0.006 0.998 0.996~0.999

4. FERHIESE

4.1 ZTISHTARE NS BUISHTERAVELER

AR RAEIRAL A B P AOLL
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SMARAERIZ W IDF ARy 24.9%, Hrp B0y 32.4%, %t 13.8%: NCEP-ATPII
PN 15.9%, Hh BN 19.9%, LN 9.8%. ATPIMEITFrEN 29.9%, FEN 38.7%, &t
N 16.8%.

LR s IDF brifE Al NCEP-ATPIT . ATPIE T ARiE Frks H ) MS () 0% SR8 0 % 1 2%
5(2<0.01), NCEP-ATPUIFR#ERI ATPUMEIT btk ATk th MS (¥ 85 5 2 RIME Gt X
(P<0.01). L% 8.

4.2 =S R IUBRENLLER

K IDF. NCEP-ATPII A ATPIEIT =Fli2Wibrnk, o IDF bRt MS SuiifR it 575 i)
LA ATPIUE T brdE5E 4 —30  #Lh IDF ARt BT #5855 Hofhbr ikt 4%, LA IDF.
NCEP-ATPIIAr#AEZ W E A (0 JEMEER 705 38.8%, 7.2%, IDF 45 NCEP-ATPII#x
HE 2 [A) AR B35 75 5 (P<0.01) LLIDF Al NCEP-ATP I A A2 W7 I S5 3 FBUs 2240 51l 40.7% ,
40.7%, IDF 5 NCEP-ATPIIbx#Ei2Mi %A R UL IDF 1 NCEP-ATPIER A2 W iy 0% £ 22 73
BN 18.7%, 8.5%, LWiEAE, IDF brifi5 NCEP-ATPIIbr#E2 (M 2% %2R (£<0.01), LL
IDF Al NCEP-ATPIIFriEiZ s TG MUIE BRI A 45.5%, —H1ZKZFAME; LLIDF M
NCEP-ATPIIA#EZ Wi HDL-C I B %348 34.3%, iZWilR.. W3 9.

% 8 IDF. NCEP-ATPIIAI ATPIIE T brifi2 W J BAITZ W R i LA (%)

S MS (bR Ee) JERE (BRiE3)  BP (hrfb ) FPG (brfb %) TG (hrfk#)  HDL-C (bt )

IDF
4 24.9(15.4) 38.8(24.0) 40.7(25.22)  13.7(8.5) 45.5(28.2) 34.3(21
B 31.6(19.5) 47.3(29.2) 51.8(32.0) 17.4(10.8) 60.0(37. 1) 32.1(19
Itk 13.8(8.6) 26.2(16.3) 24.6(32.0) 8.2(5.1) 24.0(14.9) 37.5(23
ATPIII
4 15.9(9.9) 4% 7.2(4.5)°%*  40.7(25.22)* 8.5(5.3)°* 45.5(28.2) 34.3(21.
B 19.9012.3)%*  3.4@2. 1D 51.8(32.00*  11.2(6.9°*  60.0(37.1) 32.1(19
Itk 9.8(6. 1)°A* 6.0(3.7)°%*  24.6(32.00* 4.6(2.9°* 24.0(14.9) 37.5(23
ATPIIETT
44 29.9(18.5) 38.8(24.0) 40.7(25.22)  13.7(8.5) 45.5(28.2) 34.3(21.
B¢ 38.7(23.9) 47.3(29.2) 51.8(32.0) 17.4(10.8) 60.0(37. 1) 32.1(19
It 16.8(10.4) 26.2(16. 3) 24.6(32.0) 8.2(5.1) 24.0(14.9) 37.5(23

.3)
.8)
.3)

3)4
8)*
3)4

3)
8)

.3)

. 5 IDF A%, 2P<0.01; 5 CDS AHLb%ia P<0.01; 5 ATPI&IT Hui* P<0.01

4.3 TEISHIFREIDHT NS B —EIE 34 (3R 9)

IDF 5 ATPIEIT bk I8 A ARE D 94.18% MR RES MR bRifE RN 12 79 MS 8k MS #,
—H KK Kappa {54 0.854 (1% 0.842, “cfk 0.857), MUNA REZECR, FIL, w4 IDF
5 ATPUUEIT bRAETE [ RE MS 2 Wit 8 AR ) — Stk
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IDF 5 ATPIUARHE A AR T 82.14% [/ MA R R bR i[RI 2 W1y MS 8k MS &, —3
PRI Kappa fHA 0.456(P<0.01), #AH FEELR.

ATPIN 5 ATPIE T Atk 25 NBEF 85.59% /A RS 4  Fh bk R B 1207 MIS 803 MS %,
— AL ) Kappa {24 0.603(2<0.01), #LAH LR

9 =Fh MS 2 WibrHER I — B
IDF VS ATPII

Z bRk 5o o & it
N % NE % NH %
IDF(+)ATPII(+) 275 14.44 90 7.00 365 11.44
IDF(+)ATPII(-) 340 17.85 89 6.92 429 13.44
IDF(-)ATPII(+) 105 5.51 36 2.80 141 4.42
IDF(-)ATPII(-) 1185 62.20 1071 83.28 2256 70.70
Kappa 1E 0.406" 0.537" 0.456"

IDF VS ATPIELT

ZWrbRiE 5 P & & it
AN % N % N %
IDF(+)ATPII&iT(+) 607 31.86 174 13.53 781 24.48
IDF(H)ATPITEIT (-) 8 0.41 5 0.39 13 0.41
IDF(-ATPII&IT (+) 130 6.82 43 3.34 173 5.42
IDF(-ATPIIEIT(-) 1160 60.89 1064 82.73 29224 69.70
Kappa & 0.842" 0.857" 0.854"
ATPII VS ATPIIEIT
ZWrbnifE 5 P R/ g & it
ANEL % N % N %
ATPII(+)ATPIIEiT (+) 377 19.79 123 9.56 500 15.67
ATPII(+)ATPIIEiT (-) 3 0.16 3 0.23 6 0.19
ATPII(-)ATPII&iT(+) 360 18.90 94 7.31 454 14.23
ATPII()ATPII&IT(-) 1165 61.15 1160 90.20 2231 69.92
Kappa & 0.559" 0.677" 0.603"
E: T P<0.01
i

MTAER MS (A0 TR AE Rk [ 508 2 R b B X R LA AR BT i TR 2R S A
o3 7K P390, 845 5 2 B UIAH 5 R0 i HLET B0, a0 S K s AR BEEAL, | Tt Co o B s IR S5 1R R 3t SR 0
FEEFRIET, Lakka £06I7E Kuopio /{CEHF 7T 1 &L H AR MS #5008 (1) SR 26 . st 2y
BT SE T R I 2.13~3.55 ff. MS $2 H iU SR IE H 7E TR 35 A 25 R A
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T 5 B b TN ol L5 1 A AR 7 o R PO AR SR B A A IRA T IR0 2 S 6 TR 3R AR A A
B EEAFER MS 2rbrdigde k. S8, EHFREAFRMX, RAARMZERE. AR
MR A 720, DU AR RO R . AR BOARNIR], FTiRIE R MS SRR A ZIRK, Bt 7 A B
AN, HAER KRB 2R AR ZEAMERRN XA 25, EFEHRZEEM. T WHO
(11 MS 2 Wibrdi s R 7EREAR U AL Rl R 2 A fER R R R, NIEFRMEIE R, TE AN
AT AN G, MR AR FIRAT R = LR BT 7 7%, LA IDF. ATPII{Z1T. NCEP-ATPII
SRS WIARHER I T B L X O AR S A AE A RAT IR ARG SE R R 2, I RTHE S AR X A
BEAR W LR B RE 112 WibR it o

—. TEHRM A NS BORITIDR 4

MS 1) 58973 26 PR B 70 N TR bR ol (S [T 22 AR K . & EI5E 3 Yk 4 [l gk BRI 8] 77 18 75 1
7, K H ATPIZ W brft, 46>20 % LB TR MIS 2375 0N 23.7% 081, i 43 K58 5 f5 5 2 Dol i,
1% IDF ARt E 35~74 % s A MS db7 Fr 7 MS AR B 35 3N 28.3%F1 11.5%.
15~74 Z &R MS B % 12.8% (IDF). fkSMERIMH TR R, % NCEP-ATPIL, b3
H X AHE MS B 73008 7.5%. A8 KA IDF. NCEP-ATPII. ATPIIf&i] =Mi&& K
FEABFE 2 WbRdE, T E X HRO AT MS SR B 270 008 24.9%. 15.9%. 29.9%; #rfb &
RN 15.4% 9.9%. 18.5%. AT LLEHFKIX MS B TR E M, (HOET sk 24 F
KV, HERE TRy KR X, W MS S fE R T E O AR R S A A R AL T
AR —

AHFFCES, NBEMS Bk B otk B R SRR K M T, SRR S MS &
WA BZEVINR R Ho otk MS 3oy B35 . A 07T R IR S e KR e, sy
REPURVE T, hEEREERSRMIURER T &, BB 2E A1 MS SR,

Aok MS BRI ZE R, B A AMCEIRIGEA 78 4 — 5o 200 20, ARFFF L5 R 2ot MS 90
RAEZMSWRE TS, SREIEACT B, 5H GRE SR, (B HAFE MR R, TR
W ABEF, T MS BREUPERR, ML ESR, BREEAKTE. FR RS L
B AR LA, WTREE R T MS BRI EZ RS, FES LA A g 7 A%
2 A AN [F) T REAR 2 51 AT AR 2 M ) 22 R R, O e EERRAT T3 — 2B (R SR IE S

MS B W R AR 25 . BN TR, MS BRIV B 2 0 Fhik 22 5, S 00 B g 22 R
MS ffa R A NI B nt22 . 2005 473 E BT Miller 527 B bl PRI F 78 75t 5 55 9128 9 it
5511 ANEFHXEAT T MS AT A MS BRSO E AR B EN SR 2 AR, B
SN A B MIS SR93 2R [ T 2, RE DR 23145 7 2004 S 4iE 120 A A b X B8 e AN i J B MLS
TATI A IR BT R, AR T & MS B & T IU&. AFFCRH IDF. ATPI&IT .
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ATPIIZWiksdE, T & [BR ANFE MS Frb BOR 3 008 13.3%. 16.4%. 8.5%, MLT DR NHE
Pk R 16.4% 19.6%. 10.4%.

AHFFCIRIES 2347 T MS BRI E RGO, AR R TR, B W H A =R
KL, AR A HRRS R A 0%, IDF A1 ATPIIAS T bR B i WA 2 A28 R hoCa e FE PR+
w1 TG+ ik, NCEP-ATPIIA5#E 2R TG+1{% HDL-C+ = ;5 #HBe 7 Ra%5 (i 70 45 LA
M. FTLAE B IS A S Wbnde T, AERE. BRI 3EEL AN = L & MS 32 ZER I, U B oL AR
PP LGSR R AR MS H () B
— RSGEEENMEXEIRE RS

HAT, EPNANFZRIFERER . . e, R, TASRES MS 5. EFFFE AR
M. SOt A5 R AEETT AANE, HAaR R WA 2% . AW5T Logistic BIESMTRaR, 5.
SRR OB, BERE (R BMI BUBERED. IfE (& SBP 2k DBP). TG. FPG. UA. WBC. AST X
ALT ¥Jo5 MS G K &R, 1 SCFEE RS HDL-C MR R R . 2T A ER, MS
H AR 2 1B 5 AR EAR A ST R T AR AR DG 1

ERY S MS: ARZ TR, BEER KGN, MS SRR 2 ETHasheseel, AR fth iR, =Fbs
#E MS R R BEE R K T, KRR MS R E R R, H 50 % UL EAEEp
1/8 VA BAEAE MS, $#oR 8 AR EATHEATRE 5 1000 i f N B

M E MS: =Fh MS Wik 2 cmA 5 Hras LRI, By MS rfai i E, izt
ARG ERZ . IDF F1 ATPIMEIT bRl T, 50~ % 20 &% AT 3552 550 MS B & T2k, 1 7E>60
R L mET 5. A MS R RERENE, S L) MS B 210 2 e 3 2RI
SR, TAE 60 % LA B A 55 2o i MS BB AH 2 .

PORS MS: STRIAE MS FI9CR, HBTAAAEA R A A B FC R, 15 /R O B FE R T 1
TN 55 2R BURR M k2 R PR 9 1) R A A R 1 P T TS M o ok 5 2 K A 2 B PR
I fERPERT 281, (HW AT, AOEE MS f—/MEk R R, AR ER, OEES MS
BB BN, £ MS EEERHEE.

SRS MS: tEeZ3F. SUWRTMS FIRAR —e KRR, Bl TSN R AR 22 5
AT GE 2 K 3 01 VA 4347 2 B BB 2 52 0 FRRE IR 38 1 MLS B0 32 T e

FERES MS: KERATRHREIIFER I, BOPEANORE — RSz A8 AR AR, 12 I
2 BUBEIR . 5 TG ik HDL-C I O M8 90 55 2 Rl I G N R, SEREM— DA & 2
7R, MS HU A F B B R A5 S ILE 34.0%, 1 HDL-C IfUAE 87.1%, & TG IMJE 30.0%,

W BRI EORE TR B S 12.6%, T ERE ST ik 38.6%24, AWFF4E BE R, =M WikrdE MS 1 Hp %
Tt S A S e Ve BMI 38 m, BHEM S ZokBarimag R SR, B Ga
BMI D /& MS (= ER R . 75 MS MESTE B R 5 5 K0 A & Fop 2 A 3
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HR IR RS TR 2K B2, TG 17t =M HDL RIFEE &+ %I R, 24 TG Fhmnf, 774
KERES TG REA, ZMEEA MmN R ZE /e~ 4 HDL, {H7E MS 8%, FRibh
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N MS HIRIFEER

M S MS: ARUIER SRR Ail e Be  2 kT,  PERIETLE MS HE LK T2 —, HE
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[l — O X RGNS [F 2 Wi ks, MS S5 AR . HHFFE R 9, ATPILAN IDF ARvERH MS
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SFAPT. O MU KU AR S ME R 55 T BMI AR Lhisel, [Kt, 78 MS FxffERERI 2B WC tb
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= MS Wb BRI AL AN, B EE TR AL, R ReiiE 3 ANy, EE
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SRR LIS T 23 18 LS 2 5 (TFG) 371 #5.(>5.6 mmol/L), J:A48FRHIY] 5 NCEP-ATPII —#(.

BRI TR, F ATPII(2006) 21T b k2 Wi 45 10 7 E L X B AR MS S0 3 iR s, 430
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X 5.0%RINTEHOHERRRE, EH AR RS (& TG e, it HDL-C MUE. & fE . & i
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Does social capital enhance mental health?

Tsuyoshi Hamano?, Kuninori Shiwaku?
1) Organization for the Promotion of Project Research, Shimane University

2) Department of Environmental and Preventive Medicine, Shimane University School of Medicine

1. Introduction

The growing recognition of the social determinants of health has stimulated research on social
capital and mental health. Many studies conducted in Western societies have shown empirical associations
between social capital and mental health (De Silva, McKenzie, et al 2005; De Silva, 2006). However, very
little is known about such associations in Asian societies. Furthermore, only few studies conducted in
Western societies have offered hypothesized mechanisms that might explain the association between social
capital and mental health (Kawachi & Berkman, 2000; Kawachi & Berkman, 2001; McKenzie & Harpham,
2006). One such hypothesis is that social capital can prevent or modulate stressful events that may be
damaging to mental health through the promotion of supportive relationships with others, such as social
support.

In light of these previous findings, the aim of this paper was to report the following issues on the
basis of our research activities (Hamano, Shiwaku, et al 2010a; Hamano, Shiwaku, et al 2010b): (1)
whether social capital is associated with mental health in Japan, and (2) the interaction effect of social
capital and social support on mental health.

2. Does social capital is associated with mental health in Japan?

We have reported in 2010 titled “Social Capital and Mental Health in Japan: A Multilevel
Analysis (Hamano, Shiwaku, et al 2010a).” In this study, our data came from a cross-sectional survey
conducted in March 2008. This survey aimed to determine social factors related to health, such as self-rated
health and mental health. An anonymous self-administrated questionnaire which included mainly items on
socioeconomic status, social capital and health outcome was designed. We conducted a nationally
representative survey covering households across Japan as a whole.

We used a “geodemographic segmentation system” as our sampling frame. The geodemographic
segmentation system classifies households in Japan by allocating them to one of 212 segments at the
small-area unit level (a cho-cho or aza unit level). In the present study, we defined a cho-cho or aza unit as
a neighborhood; and each neighborhood was randomly selected from within each segment (1 neighborhood
x 212 segments = 212 neighborhoods). The survey eventually targeted 81,974 households on the basis of
the National Census, and a postal questionnaire was sent out to all the heads of households and their
spouses (a total of 120,846 individuals). A total of 8221 subjects (3937 males (47.9%), 4148 females
(50.5%), and 136 subjects (1.7%) did not answer the gender question) were responded to the survey. The
overall response rate was 6.8%.

The mean score of mental health based on SF-36 was 65.1 (standard deviation: 18.3), ranging
from 0.0 to 100.0. Regarding demographic characteristics, close to half of the sample were male (50.7%),
and 29.3% were 6069 years of age, followed by 50-59 years of age (18.8%), and 70-79 years of age
(17.7%). As for socioeconomic characteristics, 42.9% were high school graduates, and about 30.0% had
more than university-level of education. 19.6% had household incomes of over 8 million yen and 14.0%
had incomes under 2 million yen. In terms of social capital at neighborhood level, the mean percentage of
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reporting high trust was 56.6% (standard deviation: 12.7). The mean percentage of respondents active in
neighborhood associations was 49.7% (standard deviation: 17.0); in sports, hobby, recreation, or cultural
groups was 36.0% (standard deviation: 10.1).

Table 1 provides the results of the multilevel analyses. The null model with no predictors (Model
1) revealed a significant variation in mental health between neighborhoods (5°,0 = 4.669). However, this
result did not take into account the compositional characteristics. In Model 2, females were more likely to
have lower mental health scores. For the age variables, respondents 50-59 years of age or older were more
likely to have higher mental health scores. As for the socioeconomic variables, those having an income of
2.0 million yen or more were likely to have higher mental health scores. Further, those with educational
attainments equal to or higher than high school education were more likely to have higher mental health
scores. In Model 3, we observed that higher scores of cognitive social capital, measured by trust, as well as
structural social capital, measured by membership in sports, recreation, hobby, or cultural groups, were
more likely to have higher mental health scores, after adjustment for individual confounders (Table 1,
Models 3A and 3C).

This evidence suggests that cognitive social capital as well as structural social capital, measured
by membership in sports, recreation, hobby, or cultural groups, were associated with individual mental
health status. Specifically, we focused on social capital at the ecological level in a geographically defined
neighborhood, and our findings advance empirical evidences on social capital and mental health within
small area units.

Table 1. Fixed and random part results for the multilevel analytical models *

Model 1 Model 2 Model 3A Model 3B Model 3C
Constant 65.224 55.454 50.403 54.332 52.770
Compositional factors
Sex -1.003  (0.042) -1,012 (0.040) -0.972 (0.049) -1.022 (0.038)
Age
30-39 0.174  (0.884) 0.140 (0.905) 0.110 (0.928) -0.004 (0.999)
40-49 -0.783  (0.515) -0.951 (0.429) -0.946 (0.434) -1.000 (0.406)
50-59 2.620  (0.025) 2.338 (0.045) 2.437 (0.038) 2.296 (0.050)
60-69 6.808 (<0.001) 6.485  (<0.001) 6.626  (<0.001) 6.423  (<0.001)
70-79 7.491 (<0.001) 7.152  (<0.001) 7331  (<0.001) 7.142  (<0.001)
80- 6.724 (<0.001) 6.213  (<0.001) 6.584  (<0.001) 6.428  (<0.001)
Household income
(YYen million)
2.0-4.0 3.038 (<0.001) 2.925 (<0.001) 3.000 (<0.001) 2.899 (<0.001)
4.0-6.0 5.248 (<0.001) 5.031 (<0.001) 5.200 (<0.001) 5.113 (<0.001)
6.0-8.0 6.135 (<0.001) 5.941 (<0.001) 6.092 (<0.001) 5.985 (<0.001)
>8.0 6.062 (<0.001) 5.819 (<0.001) 6.048 (<0.001) 5.919 (<0.001)
Educational attainment
High school 2.160  (0.005) 2.206 (0.004) 2.216 (0.004) 2.113 (0.006)
Two-year college 2.654  (0.005) 2.666 (0.005) 2.737 (0.004) 2.616 (0.006)
University 2941 (<0.001) 2925  (<0.001) 3.108  (<0.001) 2.878 (0.001)
Graduate school 3.910 (0.012) 4.072 (0.009) 4.162 (0.008) 3.820 (0.014)
Contextual factors
Social capital
Trust 9.565  (<0.001)
Neighborhood associations 2.381 (0.132)
Sports, Recreation, Hobby, Culture 8.726  (<0.001)
Random parameters
Between neighborhoods ®  4.669(1.587) 2.119(1.143) 1.123(0.952) 1.994(1.120) 1.150(0.960)
Intra-class correlation 0.013 0.006 0.003 0.006 0.003

¥ Regression coefficient reported and p-value in parentheses, ® SE in parentheses

Source: doi:10.1371/journal.pone.0013214.t002
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3. Why social capital influence on our mental health?

One hypothesis is that social capital can prevent or modulate stressful events that
may be damaging to mental health through the promotion of supportive relationships with
others, such as social support.

To make clear this hypothesis, we examined interaction effect of social capital and social
support on psychological distress. This paper titled “Social capital and psychological distress of elderly
in Japanese rural communities.” has been published in 2010 on the Journal of Stress and Health (Hamano,
Shiwaku, et al 2010b). This study was a part of the Shimane Cohort Study conducted by Shimane
University in Japan. The cohort study was undertaken in collaboration with a health examination
programme conducted in two municipalities: the towns of Kakeya (since 2006) and Mitoya (since 2007).
The residents have two types of chance to take a health examination. That is, one is group examinations
which are conducted in public health centers and the other one is individual examinations at medical
institutions. Our study was permitted to collaborate with group examinations which conducted in the towns
of Kakeya and Mitoya. The number of participants at baseline survey in Kakeya was 886 (participation
rates for those aged 20 or over was 27.6 %), and Mitoya was 424 (participation rates for those aged 20 or
over was 6.1 %).

The baseline surveys that examined psychological distress in face-to-face interviews were
conducted in 2006 for Kakeya town and in 2007 for Mitoya town. We also conducted follow-up surveys in
2008 to capture the subjects’ cognitive social capital measured by trust and their socioeconomic
characteristics such as educational attainment and self-reported social class. By linking the data from the
baseline survey with that of the follow-up survey and then excluding the missing data on the outcome
variable (psychological distress) and independent variables (social capital, age, sex, educational attainment,
self-reported social class, and social support), 141 males and 234 females remained as the subjects of our
study. The ethical committee of the Shimane University School of Medicine approved all study protocols in
April 2006.

From the participants, 141 (37.6%) were male and 234 (62.4%) were female. More than 90% of
them were over 60 years of age and the ages of approximately half of them ranged between 60 and 69 years.
The Shimane Cohort Study focused on a rural area in which the population is relatively older than that of
other area. That’s why the age of participants was relatively old. In terms of socioeconomic status, nearly
half of the subjects had primary or junior high school education and only 10% had some college education.
A majority of the subjects reported their economic status as high (24.5%) or fairly high (47.7%). Almost
two-thirds (62.9%) reported low levels of social capital, measured by trust, and nearly 80% reported having
some social support. In addition, 48.5% of participants reported having some social support/low trust,
followed by some social support/high trust (32.3%), no social support/low trust (14.4%), and no social
support/high trust (4.8%).

Table 2 shows the results of the logistic regression analyses. We examined the interaction effect
of social capital, measured by trust, and social support on psychological distress. We found that the odds
ratios of psychological distress was higher in groups with some social support/lower trust (odds ratio 2.21;
95% Cl, 1.36-3.58) or no social support/lower trust (odds ratio 2.07; 95% CI, 1.06-4.05), than those in
groups with some social support/higher trust.

These findings may reinforce the hypothesized discussion of Kawachi and Berkman (2001)
regarding pathways from social capital to psychological distress via supportive relationships. That is, social
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capital appeared to be a prerequisite to effective social support relative to psychological distress. Previous
study suggested that social support is based on shared history and is not an isolated or atomized
phenomenon (Berkman & Glass, 2000), therefore participants who have been betrayed by confidants in the
past were likely to report psychological distress despite having some social support. Of course, more
studies that are explicit should be conducted in order to clearly determine the association between social
capital and experiences of stress.

Table 2. Logistic regression analysis examining associations with psychological distress

OR 95% ClI p
Age (Y) 099 09 - 1.02 0.623
Sex
Male 1.00 (reference)
Female 143 092 - 222 0.112
Educational attainment
6y 1.00 (reference)
9y 065 026 - 160 0.346
12y 086 033 - 226 0.760
14y 113 033 - 384 0.850
16y 051 013 - 204 0.337
Income
High 1.00 (reference)
Fairly high 071 042 - 121 0.209
Fairly low 067 036 - 125 0.203
Low 114 043 - 3.03 0.787
Social support
Some
None (=0)
Social capital
High trust
Low trust
Social supportxSocial capital
Some X High trust 1.00 (reference)
None x  High trust 103 036 - 291 0.955
Some x  Low trust 221 136 - 358 0001
None x  Low trust 207 106 - 405 0.033

*p<0.05 **p<0.01 Abbreviations: OR, odds ratio; CI, confidential interval
Source: DOI: 10.1002/smi.1324.

4. Future direction of social capital and mental health

Our previous studies had several limitations. First, these studies used a cross-sectional design, so
that we could not establish the temporal order of causality. Second, both our outcome variable and social
capital variable were self-reported. If depressed individuals are less likely to rate the trustworthiness of
their neighbors in a positive light, this would lead to common method bias. Third, although our questions
on social capital were developed on the basis of previous studies, the validity of the individual items is not
established. Further research is required to improve the measurement of community social capital. Fourth,
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our overall response rate of national study was low (although not atypical postal surveys of this type). If
poor mental health subjects with low social capital tended to refuse to participate in our survey, this
selection bias may have had some effect on the resulting association between social capital and mental
health. In addition, the majority of participants were older and highly educated. Thus, further research
should compare results from different generations (e.g. old and young populations) or socioeconomic status
(high and low educational attainment). Fifth, there may be a difference between urban and rural populations
(Yip, Subramanian, et al 2007). We consider these scopes as a potentially important issue for further
exploration “Social Capital and Mental Health”.
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