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3) BERRKRETHRBEREME, SHETARKETHREER, SFREAK
ERMBER RO LR KB EFE LR A,
ERERD pH X B A% R85 I BOKS FESU W 8K, A T /b B A% BB R SR B AR E
RO T LEHT A FREERN pH EFMIXE ZEELMEENRME. EHEBIILREGEER
TARFRERE. pH EFHT, REEMNPKEE & HHR S VBt 5500 R IR HRE
i, REH:
1) BEESHIRRAM, TRERESIBERBNBEETHERSF. KEEER
FEFN pH {8, i RS BIE TIE R 1E 40—45°CZ I8, B pH {H7E 5.3—5.7
2 [&];
2) LABSE. pH E 5w R IR AR RIE S BRBRRIE, URALRL ML
HMIEREAMZRBRAER, RV RESEAERBOMERE, ¥y XEATEE.
5 A B RS TT LA Bl — R G 2 DN IR R AT, X & B — bRt 1T AL B LAR
BoaateiEn. RENRHZHEFRIARREN —NEEERE, 8 X 4K
(Caridina denticulata sinensis){"R&H & &45> 19 0. 0.15. 0.30. 0.45. 0.60. 0.75(ug/g)
FISERE, B FT T WX o e K AT A 9 R E AL P B AL BB (Superoxide dismutase, SOD). T &4k
4 i (Catalase, CAT). 2Bt H kit & /L Y95 (Glutathione peroxidase, GPX)% 31 E AL BE & 14
MIgzm, HEE T HATREMERNLE . SREH:
) EKIMAREEER A RIZON, HEXwRI L 8 8 K7 8RR
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2) HlEE RN Y 0.44pg/g i, MFAN SOD. CAT KIiEIEI B m: Sl
WREA 048ug/g iF, GPX iEHERA.
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Fa: DARBESGERBBZIKTFEN. 2)RAARRITAERE RN R EERITRER
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Abstract

Abstract

Enzyme sensor converts physical and chemical signals, which formed in catalytical
reaction, into electrical signals, to detect objects under test. As sensitive components, enzyme
has been widely studied because of the efficiency and specificity in reaction.

By simulating Horseradish Peroxidase catalyzing reaction of H,O, oxidizing phenol, the
biochemical fundamental of enzyme sensor were studied. The result indicated that:

1) Stiffness could not be ignored, and when solving stiffness equations, ODE15S was

adapted.

2) Obtained the dynamic curves of HRP and its intermediate compounds HRP-I and
HRP-II concentrations vary over time, and assured the lifetime of HRP-I and
HRP-IL.

3) The dynamic curves at different substrate concentrations were obtained, and reactive
velocities were compared, which showed simulation could greatly reduce the times
of experiment and shorten the experiment cycle.

In order to reduce the error signal, ponied out isolated considered temperature and pH
value was inconsequently in the actual measurement. Under different temperature and pH,
simulated accordingly current of the biosensor, which based on Au colloids and poly (thionine)
as matrixes, the detecting system of the biosensor was studied. The result indicated that:

1) The function expressions of accordingly current changed with temperature and pH
varied were gained, the 40-45°C and pH was between 5.3-5.7 which was the best
operating conditions. At discrete test points, only analyzed a single factor could not
get the optimum working conditions.

2) The function, which current response to temperature and pH value, as the foundation
to calibrate enzyme sensor, improve the measurement accuracy and expand the
detective scope of enzyme sensor.

Complex enzyme sensor could detect a number of indicators at the same time. A
comprehensive index could be obtained after processed. Immunity was a comprehensive
index that expressed by many indicators. The effects of selenium supplementation dietary on
the activity of enzymic antioxidant in Caridina denticulata sinensis were studied in the
experiment, and based on the dynamic process, the mechanism was also investigated. The
selenium supplementation dietary are 0, 0.15, 0.30, 0.45, 0.60 and 0.75pg/g. The results
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Abstract

showed that suitable concentration of selenium in the diet can enhance the activity of enzymic
antioxidant system significantly, and it represented the dose effect obviously. SOD, CAT, and
GPX structured a cooperative system. The experiment demonstrated that the activity of SOD,
CAT, and GPX in C. d. sinensis can reach the maximum when the concentration of selenium
in the diet is 0.44pg /g, 0.44pug /g, 0.48ng /g.

Through the analysis of the current research index, in comprehensive immunity
evaluation two defects were pointed out, 1) The state of immunity change was not
comprehensively reflected; 2) Using different evaluation indexes could not be compared.
Given this, the comprehensive index of immunity was indicated, and the calculation method
was defined, analytic hierarchy process and principal component analysis were used to
calculate the weight of each index. Based on the literature data, expounded the steps of the
calculation method, and obtained the immunity comprehensive index. The effect of
experiment results on immunity showed by amount, the quantitative index to evaluate the
immunity was offered.

Keywords Enzyme sensor Horseradish peroxidase Immunity comprehensive index

Analytic hierarchy process Principal component analysis
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& R R AL HLE B B R 4R IR — e R L B T M 5 S R S ERR B
B B BS TR T AR, B, BURTTHRIEE ST R E R R Z N E R
5%, BEBITH R 5 R A BUR TR B BOSE TR B i s S, &
itk R R — MR EMM RN BB T A BT BB, REMSE. (¥, W%,
EERET 4. HBXEARBESFRFRIHEMNYR 2. BTFEDEBRBAS
BWRTTE. PRE. REMRE. MR, AEERR. NAEFASRA, BRA
ERBUIAMERES L. MUERKIZY . 40FEE. BHEMNETEAERL ZH
MRS, MHER¥REFTHREARERENER.

RIBEDERFZBURTH B, 7T ARREREE . AEMERE . RRERE.
MRrE kA, ASUERRARLIRKAGH A DNA K38, BB IENURTH,
8RN E TR ERAFESHUL ARG S URNERNY. ATHRMAFE—
t, WM, EEMERBOTRPE ZNA. 1962 4, Clark RSEHTEEHEEE
BB E BARRE, SRETREFRBRTHRGEREAX, MHES AR, 8§
BB, FELT EMAEYREAN SRS, Bk, R3ITAS
BH# K0 B AR HIBT L5 R .«

R, BARSTANGESEREE FHRILHEERRITMNE. &S KR
BRA S RB A EFMHWERE. pH . B REE SEERMAREME. 55, A
BB A/D BT EARE KRG ESHE —EIELE.

L1 ERSMARER

B RBHHAARBLN T =AREHE: B—HBREELFMAELEEREEE
TEBRARTE P BB SR B R 3R, XRERBAEHZH AL, BHREE
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RAAERENBHELCFFEP LR TRE, EEREREAUEBERT, LR
CEERE, £ H0:. M1 TIEEEH &AM AT RIS L ER S T 8,
BAREFTHEMNEES . TLLEINERNEYHEMRLSBRERDF H0, -4 &
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BB M HRTERK, EVMERBOTHULLELAATANS R
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Fril & iR BARE 2 Gr M2k, BIUSARERESHESES, FTUEMER
B S A SRR AR . BT T REDEBREFEENEMMEL UL
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AMERBERSESERT, HRA-MHUXATRABSHE. GERSHITEYN
TRPFERMR. RYE. BHMNERE.

M ERIGEMABESEA S ML ERE . R EVE SRR —
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— Bt ) R B E AT IE

1.2.2 £ PRSI HIESEE

ENEHSESH, EMERBMEA B2 AFE—— XX R HE
AR R I SEBRE AT R P, BIME 5 BER R4k . TR BRI BB E S HNE,
AMUFEHH A RESER KD, ERERESRUSHEFHR R,

B 55075 1 T LA IR 43 R 5035 4 77 T SR MG e o7 v R 30 3 i 7 323K G #r o
TRMANESHRARETERSFHEHE, ERAB AL BB RN AR, R AR
FC LTRSS %NS ()R 20, SOBRRER 2. Rk B AR AR 358 R S PO R R A o A AR
P — R P IE 3% i 3078 S4TSR wa R Ak A1)

1.3 ESRYEIE L
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Wl @SR, BIEARAR —RIMNA: (DEYTUNRNDHT S, BERHE
R, BRRA: QXZHMELETHE, HeEtEmn: C)RDIMLMENTH: @
EFEREFNELUMEN. BErEgl.

1.3.1 BXFZE

EBEEMERBNERAB LT ES N6 F: bk, Bk, |RHHE. %4
% BRIERMR .

Je kR E M R AEN R (6], & e BRI RRAU B IE R s BT R . X
PO R IERI R, TREEMALZLE, BEEVWER, MPEERR, EMHELF.

bR LA KBE B A ER M E T4 S EH, WA MERK/EH % €4
MR . W EBRESHEBRM pHE. BFRE. BE. BHRERMMAEK
BREAX, WHTE-RAFEAERN, SEEESFEELWHED, BEARS
TEHBE.

BRAEEREEYMHEAEFEREMRT FRAN=ZEZEMREMER S, *
ERATE RS TR, LS RArENEEN, SEDFFEETWEUD, B
LEMILARRATERES], HEEVALGER, RYSFAUEEPEET #: 8K
R4 T BRI EEIR WA i 8o B

KM EERMEEYEES FREINEE, BERSEESTEERESEESTE E M
FHiE. HERREEFEE, EARSTALME, SRFHBEDRERE, FRENK:
RARBRESREE, BEEATREE NSRBI, &&RE SEHE € LEste
B -

REREREMBER RN GREAMNTGRA, FEARE AT HEREAR
S FIRMATRR R PIRE M . T2 TR A G o FIESI &, BRIEMR, SWER, |2
AT B EAh FETEIZH pH H, —REFORMESESMHTHRE, THKAKREE
g,

MREZQBEYEEMRRIE RS F, TERABRIS FEARAAREE N
KSR, 820 1 60 F£RLR, —HIENARBEHAMALERNRS, WS
ZHAEREMS FEEA T T
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4 FIMBERFE R MERIE R

RIS, BENENR pH EFESUREGIRERTERE, REERME
BEFETMR, EERRKEET B TENREERN, REGERRIT TR 7E 80N
BB ERET, BE—TH5EAEZRL, H—HEXERNTARWE, 3-HHE
ZEFER, MEBRHELERIE; ERFREREF, INEEHNEEZBA TR,
W3 EARFRFENKRE, NMERBEMMRE. =5 pH EXZN, EOFERS
RAEZM, BAELEENED THRERBZZL, N RIER.

A4, BTEEABEAT BN BIER, BnTRMSENER, KOTEES
HEEMAA e 5B RAERR; R, ERMEESETIEEZR—ERREAER,
MK T BfE AR R R IRE

BE, £PEERSHRNESIERSS, TEARGES R RBMERERE LA
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BRATIEIRE,
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FRS5FMA.

FAEMMEHORIA, I DNA fE— R LI T MBI HaL: HrE TR
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BOEARSHRRFARE L. FRTEMEETERE, NRICRESBE, R
5. Y U RAEYIBRET R R ERA. i, R3S AR
BHERYRANE BWR T REEER L, AR HEEMET T T HRRE AL
R4l HoOp BULEB R, B2 T bR mm e, CURERMIKRES R
ZIEM%ER. HFET THERERN pH H5ARWT, RREMNKESEEHBT ALY
B A RSSO MRS, 7831 T %A SRR R AE R TR AF.

TSRS, BAESEEFRRE—NBERES. ATENSRUENFE,
B AR RROT AR LR ANAEL —. SHEURESHLT AR BEE
BETHAERBORMEE. BENTBEEMMERENESHEITR, SEHE8%
4 52 A BUB MR LA R B U PR O B R

F4h, M BIEFRTH BRI IR VI BT B S E R RIS R, R
ERESHYRBE SN, FEETRIRATAEITRELE, UATMEE RN %
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£ 28 RREEHMYER N HFHBEERDY

2.1 5|8

R Bish 1 FE R RAENR TR REE R EWERNOEE. B, MRNE
RREWMEROTR, THULRMHERE. BEEZHENMESRKE, KAKE
B RS TH A ERERBRERD. ATHAREERNETRERMEEE
Yt R AR REAOBUMIE L Jenna Rickus U'1%5 A (2005)i@d @ iR, UASEM B0
X, FARTBAERBHRBE. wH RSHAESE. HTEEBRRRBFN—RTIMERE,
Elio E.Gonza ['%(2007)8 32 7 —/MEET 5 A HBUER RIS %, Bl T RSB MM
FiE, JFEUE TIREFHIRER. 2006 £E, Nobuyoshil V5 1E40F 5 T LB R B4 R HEHE
L, 4 H T LR ARES S R SE B X EL 45 B . 2007 £E 10 A, Maria J. Schilstral™!
X R RN R I BER T ERAT T A, 180 7 AR N SUE R SRR B A
B SRS,

SMXERNME, FENENRMIBEMAAEMSE. RiF. EdRAKER
P, AEAANKBORERRBE LN RMTRE, MR RS 2 R
REER, UTRMNEER, BAUHRATREEZRENTESSH, HERBERM
RINLEES), BT, A3 KM BRI SR H,0, 5 BB RHRE, R
MFFEEHAT BB B B RA AT TR0, I iR T 410 R N B B A0S 77 7E /Y ]
BRABIINGE L.

22 BER LAY EASTE

1913 48, Michaelis-Menten % ARt T B R BFEM. B(E)SIRYI(S) %R+
L EYIES), REFEMEDER—SIRAT=Y, BB HEE).

S+E—:4__T_;>ES—'1=L—>E+P 2.1

R, kk,,k,—— FERBEER M

HRP RUZKAMKCABEN ML RERD, & L0, FEN, ERBMEL—RIVEMER
ERFL. HAENRBEERAEZMTEMLEMIER, H5%2 HRP MMARERZIT
P TR TR AN E Y HRP-1, R 545 HRP-1 5 R KR 4 R FE Al & %9 HRP-11,
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424 HRP- 11 6] BAE J5A HRP R4 . HRP-1 5 HRP-11 S 76 1R 56 (0 B 18] T RR, 3 ELY
gyt adessg!, IS TF—SHRMN. AX 2B T FERMNAIRE, HBRE TEH
ERMNERPALE, RNLERE. filt, FRRMARORMIBREHEUTEAY
ppliel,

HRP + H,0, —*> HRP-I (2:2)
HRP-1 + AH, —2— HRP-1I + ¢AH (2.3)
HRP-1I + AH, —*2» HPR + ¢AH (2.4)

R, HRP— MBS AH,—%F: oAH—FBRE™M.

FRRMIERE, AN TERE, WSE5RMNNSDTKRBEES:
d[HRP] _

IREL — b, (HRP)-[H,0,]+ K, [HRP-11]-[AH,] 2.5)
d[HStP- 0_ 4 (HRP]-[H,0,] -k, - [HRP-T]-[AH,] (2.6)
d[Hle:—H] =k, -[HRP-I]-[AH,] - k,, - [HRP—1I]-[AH,] @7
i’[%t”é =—k,, -[HRP—I]-[AH,] - k,, - [HRP - II]-[AH,] @8
ﬂ%ﬂ= ., -[HRP—I]-[AH, ]+ k,, - [HRP ~1I]- [AH, ] 29)
ﬂP_:iztO_J =k, -[HRP][H,0,] @10

X &, [HRPl— I ESEHIKE; [H,0,]—dBAEMKE;: [HRP-I]—FIE>
W1 B9IREE; [HRP-I]—— a9 Il IR [AH,]— KM HIRE: [eAH]—%
By SRR E .

23 HREKER

T RG)-(10FFRARM R R+, FHEEHRPI). [HRP-115[ AHfEHEE
[HRP]. [H.0,]5[AH]HIZELTiZE ML, B, ATLAEESEE HRP. H,0, 5 AH, Bk
E A5 SR 3R 1o RS D v B 5 B R P AR ALt SR NI B 17 2 B . B T [HRP-1] 5 [HRP-TAH 3
[HRP]. [HOJB Rk, Hikiz& itk AR B TRMELFEH. 2RI, E&RK
RItk 2 BRI 75 R 4H R gl s kg BE 3k IODE4S #HTH Bk, A3CKA ODEISS
RIGH BT BT & H D HE) S L.
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pH {E7E 5-9 Z [aiff, &, 5 pHIEER, k,,k, AEEWEAFTTZRL. & HRBE
T H B BT SRRV

k, =1.0x10"mol™-s7; 2.11)
k,=2.76x10°mol™ -s™" ; (2.12)
k,=2.85x10"mol™ -57'; (2.13)

ATRPERR TR, XEXATRXEFHERIPKE, BSHRP. H0,5AH,
RV EE YR BE 43 31 595.0x10°mol- L, 5.0x10™*mol-L™", 5.0x10 ' mol- L&, %F iz Fidk 474848,
B ZHRP. HRP-ISHRP-NIFIRERMHL (NE2.1582.2F7R).

T T T T
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2.1 HRP, HRP-1 5 HRP-II ¥ Bt (] 21k
Fig.2.1 Concentrations of HRP, HRP-I and HRP-1Ivary over time
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24 GRS5VE

it A KRR, B2 T HRP UL H A4 HRP-1 5 HRP-II B RMFF
BB FAR EM R R BT REnE 2.1,22,2.3 FiR). GRS EE L
ARSI ] HRP 1 40 H0, SRR I i IR A & b RO I AR 1L, IESE PR &Y
0.0025s PYIREILAR, FETE 0.005s FFIEK (W 24 FiR). SEINGEREL -, A
S EMERNFFEY BREE, FRBTFE, RESEREHRK.

BT, AT&I24 HRP, H;0:5 AH, FI¥IEEHE 25104 5.0x10° mol/L, 5.0x10*
mol/L, 5.0x107 moVL B, HPR IRETERMAVIEH BREIE, XRETHEBEREYNES
A EAY), Bk HRP-1 5 HRP-I REFH 8, 3 BAERFGET 1.5x107s Bf HRP 5
HRP-1 IREAFER, HRP-IIREHASEES EA (& 2.1 fis). B AEXE] 0.5s
if, HRP-Il IREABEN, EERE (WE 2.2 Fin), HERSERYE S KB EE L
BB ep (] B &Y iR B, ST W R0 I BE (IR B2, B4 R & Briggs-Haldane 77
BP, BT AH, IRERIKIRGI T 8 =5 R H#HAT, BRNE RS HRP-1KREES T
HRP-Il. iX¥68H, $UEMEMZHEMREE B-H 58, 6w ERNERELRMNATE.
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416nm
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4 RS TR AERERT 8] A A4 B £k (3% B SCIR 15)

Fig. 4 The variation in absorbance different wave-lengths (see ref. 15)

RE AH, iKE A HRP £ 100 1%, HEMEEWE 2.3 fix, HETH, BEE AH,

W E 5 HRP IR ELLEMRE, HRP-1 5 AH, [ R FHERIZRH MR £RAMEES, HRP

VREEZB BT, HRP-1IRE S RN BT R, 7 0.5x107%s it s E, HER
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AhE BTk, &t k,» B4R HRP-1 & & T HRP-11, BT UL R NANIGHT B, HRP-1
BEGHMER, MERMAHIT, HRP-1# T —RREHEFE, REZRHFEIK; T HRP-II
BETFHE, BASETE 4.5¢10% EHBFIRE, IRETHEN . FIRTA KRB AT &,
WK AH, IR, R BIHaE e 18] BT T 3 KR B A R DL &R

HaG, TENEERNE %R PR ALES, SHCRAD R RN RN
B b R R R AT R B AT, DURSRAEAL R BEAIHE] . BRig el e R A S iR 1R
AHAR, FIFAPEBEEIT LS HEETHEE HRP S EHERERRATE
RIS ESE. SZMNEREEEHEXRYLBEEERITGE, MEKRPER
HRP Rt fa B &4, 3 H 2 HRP 5/RMLL 1:100 A9 ELB1R & 1 131 2 K& HRP-11,
Tt F HRP-1 FEN FRERFRAE . B SR ERERE T 25 CRBugda
AR BB 2 R BT R b HRP-1 7E 0.005s J5 8 52 27 4K « A SU# L % 58 # A R A
A, BERS FRCEEDLE SR RNSRES—H. Wi, FEMTRE
RERKREE, B EMAFEARARENEFEUSREELRNXR, TALELR
x4 — MR BRI EFATIRE, THAREMRBAESHA, B2.5. 26 SHTAH
AH, F1 H;0, W E T IR RS FE # £6

‘T...J 60 T T T T T T T T T

‘6 1
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o

i

®

o | AP PR T ; o T ]
T o 0.5 1 15 2 25 3 35 4 45 5

t1073s
Bl 2.5 A[E AH, % FHRP-] &4k
1—[AH,]=5.0x10"7 mol/L,2——{AH,]=5.0x10° mol/L,
3— [AH,])=5.0x10"* mol/L 4—{AH,}=5.0x10" mol/L.
Fig. 2.5 The variation of [HRP-I] at different [AH,]
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B 2.6 N[ Hy0, #E F[HRP-I] 24k
1 [H,0,]=5.0x10"7 mol/L,2——[H,0,]=5.0x10"® mol/L,
3——[H,0,]=5.0x10"° mol/L,4—{H,0,]=5.0x10"* mol/L.
Fig. 2.6 The variation of [HRP-1] at different [H,O;] concentrations
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B B AR ERS S BRI RN, AR B T BRIV R BB S A L iR

1. EEH AR RS R B AR BRI BN 12 i oy Jr FE i, 228 S e O FE MRt 19
B, BRBikRNAERTERIMAR. ODE4S T AMRTER TRRRIH RS,
MR FH ODEI15S.

2. BT EATE R4 R4 Briggs-Haldane B0 518, H5 X#kP LB R—
B, RESHERBHTHEEBEBATT. A5, Al i EHBUE R AR
RIIRGLT #1BRE. AF, BT, FIBIHTE 3] HRP-1 5 HRP-II MIAFZER W, JFEBE
EWINRYRE, AR E R REET £,

3. FIABERE N AR BT AL, T U D S5 56 R E, KB 45 18 SE 56 ],
TR P BRI, KATRFRERE T ORISR, BEIENHRIREEETNL
LT B
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¥ 3E RBE. pH EXEMERSFENTEE NG

3.1 5|8

YRR R A EDRARN— A EERASE, R MUHKE LR XY,
TESTAEMRSE, S2E. MIELME SRR ELHXER, BB H &R
YR AT BRI ST ALE R, 20 4D 80 4EARAE, EBR LR EYMEBASHAT TSR
FIRRIRR, LR, DATHIH—RIIERBEN . ISRRIRMA (LTS E A
5 SCRIOHE A R0, Rk, MBS BT BN . B R IR
RAEYBUBETT, il SR, LRSS R SR B RS BB TT 2 ) R
&, ¥R BH BRI RS BRI R, WAL iR,

MESEERREN, ARSIFBERE. S pH MUREELEHESEEN
B, LM RBEIHE A — EOERYE S, SRR, BRI A2
IBRER pH {H, HHIE8 00 T1F K (10 hI FERBIE AL IR B ) B R 254, CAMLIRRSS IR AT pH
X AR, KRR RN T SIE TE M E A, I AELPRM AP 523
TSR] . A REREE THEAETRS, Bhstes A ARERMHETT
B, IFRE IR AT, A E IR pH (3L R/ UUR RS A
MR, RIS T R RS T T AR LR R T S R AR 9T, BRI
THERNEERESUERE. ERERGUROBE, 7 AERBEESZRFN
SIRTEE, MASFMEEERE. pH X IELEROEW, 5 HES TR AR
HAERIEIME . AL RAR D - REFRN SRR FENSREEE, BH_-F5m0
PIEREZ RIMRMESR, AR TEE. pH ERNBAX BT AL B R0
B, Wi T MRS ER IR L.

3.2 EEMIESHTESE
FERgtE R, BRI pH (B % (U R B R AR AT, E— 2R
B, MEREAL RN RS RN K R K& Arhenius 772, 80

k= Aexp(-E, / RT) 3.1
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HIE BE. pH EX4AMEBRRENEE YR

K A—F5HIHF; Ea——RMERE:; R—SUFHE T—ANEE. B
G.DATH, RMEZFEEEABMMR, BERSNERETHTHEOKEER RN
BRI T M. EREMRABEABREP, BE—HESEEHEZNL, B—HHNER
R, B ERBRARN, MEREEERIE, ERAEXEREF, JAEFE
BHRBEERABA AT, WEEARBZRFENZE, NTERRERMIRE. 35 pH
EXER, MEBEERESRERL, RAERLEERES THREMZ RN, NRmR
PLEE, EREYHMAREEMERBZRANESHE —EREMIELNE, HmTHERN
REENREHE.

B £ % 28 PR O R M (B S R AL B, T AR A R BUB B AT R B IR YR R
Bk HEBRNRGRHETUARERRERARRE, WELESHEANFEARER
M, S—ASEFTLELHEAAMNAMEE. HMEREREMENEA
Tk, APERBENCATZANAT BRI BRE D, LREHHHA
EfE S 5ERMMERSLFSHELRERR, BHFEHES KRR HFENDER SR
FRHZM,

AMEBBRZZEREMNERRE, REMABENRLRRITRE. HgHh
BEREM BRI B, AERBHOFIERINEE. EPERENIELtEE SRR
MR TR ER IR ER, WTRLABUE LS RE, RIS RE A
BB M — s, EAMETCE A STIREM SRS L.

33 iRE. pH ETUXMERZA PRI

B RE SN B E MK & E 2 BRI F AR R R R R AT T i,
SFHITE 204 25, 30, 37. 45. 50, 55C 1SRG {& RS R iR E, BRI BEREN 45T,
FREE ST HoO, BIMIRIFE 2.15%10°—1.43x1072 mol/ L I N 2 RIFHILME X R, KR
42.00X 107 mol/ L, HI*KZAKHN 0.998.

2 SO A I SR R T BB B IR B T BN R THR S SR RIEAERLA, 25
BRFEAHLWE ), NEFTUEH, ERAEESA25C—50CZIA, BEREF &,
W 7 BRI 5 T B, e 7 R R B K U BFE40°C —45°C 22 (8], 3F18 BIma B B it 518
BRI R RRA:
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AL KA L2 AR ST

1= f(T)
=1.494x107T%-3.2628x107°T* +0.00297* (3.2)
—0.135073+3.4548T% — 46.0600T +251.8247

R R T—RE.

45 T T T T T T

AP 1

e * JGEER
— ZRBLBENS
- - BPCREGAME

2 1 1 Il 1 i L
20 25 30 35 40 45 50 55
e

3.1 RSB e A RO
Fig.3.1 Effect of the Temperature on the Current Response of the Sensor

FEpH{E S B N4.5. 504 5.5, 6.0, 6.5, 7.0M7.5SHIE MK T, 18FIma &kl
pHIEA{LEZ P, B3B T EpHERSS.

KPR RIREL S 7 v 48 3w 5% d 7 bl pH BRI & 2R (B 3.2), NEF1E 2], pH
fE7E 4.5—6.8 2 (8], W EF AR KMEHIE 54—6.5 Z Al 320N AR pH &

WH R BN
1=f(pH)
=0.62391pH® —22.7753 pH® + 344.4961 pH* —2762.8695 pH’ (3.3)
+12386.749 pH* —29421.9612 pH +28916.356
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NS - BAACREBEHRE '\\ /!
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1 L ! 1 1
45 5 55 6 6.5 7 75
pH
P 3.2 pH Xm0 o2 . e I R

Fig.3.2 Effect of the pH on the Current Response of the Sensor

3.4 BR5TTL

4R % % PLE X A R I8 B FpH T 4% 8% 2% 4 i B B PR W E S B BLEE TAE KR
45°C, pHIENS.S. FCELBR/P-REZMAMZIRKERFEELE, 7 2IB8ERIBWR
RIREERE . pHEZKILGNES.. 325TR), 58 Bi%E &R RN E R E 40
—45°C2Z 8, BtEpHETES.3—5.72 . HETRILUER], FE— € K7 P ma b H e
B, pHEMMINTE K, BRBE—EBE, WNERH TR, MERERNMHR, B
ENEMETUBHRIFERE. BEZREFEENSBIRAML, /D RS
HAMEBRMBLIRETHRE LA. HERERBIERERD, UESWRHIRE,
o] g R B R B RE P, IR FpHE B (vt FACE B B 40, AT B B IR
£x1k. }

HAT, ERSASCRP X EME RIS TIERMRRA, U8 —%F#THN, oF
TR it FAL S M BRI BT R, AR AR B ORETIERY.

AXAK, BEMpH BHEEE—EXR, —HEHFRBIEE. LRI ATRKE
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A pH (BB HANEH, BAEA pH EILFM M BRKZERL, ZHP—%HHE
EFBRRBE AR B —FFORSE, AREG.2). 33)FH N 1 X pH EM
BETHMIRFERLE 8.

2—11" =1.494x107T%-3.2628x107°T* + 0.0029T"*

(34)
—0.13507°+3.4548T2 — 46.0600T +251.8247
O 0.62391pH® —22.7753 pH® +344.4961 pH* —2762.8695 pH®
opH (3.5)
+12386.749 pH? —29421.9612 pH +28916.356

RIERG4), GSHBEIMT. pHEMN=Z4XRAE(E 33), FHARESHLEMR
HE(E 3.4). HEQG3)ALAESR, 158 T, pH ZHUHTAEE—KihH; BHEGH)FH
WL PO E, LRMERE T M pH X 1 MmEe, HRENEETEREN
BE 32.5°C, pHEANS55 KEH.

33T, pH A I =X A A
Fig3.3 Effect of the pH and Temperature on the Current Response of the Sensor
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Fig3.4 Projection on every ichnography

AT HBRBEN pH EX &Y RSN E R AR SRR, BRTo a4 XA
PR & B ERAE. pH E, EEBRISERERRT TETIA, RElEREHERTTE
B, AR AR RAR. 3 E NS & 0 2 R8s TAE KA a0, 8T HIfE T 28
381 A, FREEHBRUS LB RBERNMERE. A30EE ERRFH T
&, BREWMERS T2 THERE, pH ERW, @ikESEIH —EELHE.
AR2EMLRNSEE. pH BEZAMZRLMENREXR, £ 25-33C, pH{ETE 5-6
Z AP E .

K ERBGCHME.5)HE TRLIEN G EEFEANEBRE OB RS, EEDER
BEXMEARIESESD, R4 ShHHE AR S BRI ER AR, D RE.
pH AL B LR RARE, RN AGOREEGE 3.5)07R.
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Fig.3.5 The detecting system of biosensor

B4, TSI S RN R R RS T — 5y, MR RIS S
TR MM, BRSO Y 5 B B R AR, BB RS RNERERE
M RGEREE, WHE 3.6 Fix.

it | > {5 B K& |~ IESAT@AR| - [BE. pHIFEMEIMERIE]
d
IR E| o TR R R [ADFR]

Bkl

Bl 3.6 APMERBRN RS
Fig.3.6 The detecting system of biosensor

ERBEARG, 7T U4t A R TRV Y K 25-33°C, pH {H7E 5-6 Z 1],
HHWREE TIRE. pH EXHBES M.

EHRBENEEEFENE RN IR, WeTbEfEwE 3.7, 3.8 MANRESR
M. RB\LFFHETRE, BIRANMELER. W 3.7 B, ERRGE pH EA
58, ZdBEERHBRMMERN4.015 LA
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Fig.3.7 Simulate the electric current of different pH
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Fig.3.8 Simulate the electric current of temperature
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3.5 &5ig

B 3HR BRI LA, AXE DR R HIAE A TR P HERLR:

1. XEANEROBHRR AT, FARUERRS2E £ RSB RE TEX
. BAME, BRETRMEMPKEE T RIRT LR K LY %88, 5
WRETERMER: BEE 25-33°C2IA8, pH AT 5-6 ZIH.

2. LR, pH{E SWaN R Z A R Hk RIE A BRBRIE, DRSEMEHELL
HFAELIEAME B QB AEMIRREERBMEBRE, FREATEE.
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% 4 B WP HORIFUELEE RS E AP AR

845 FiR RIS AR G LB R

4.1 8l

R E AN ENMBETE, VAP EEURICER R REE, TEHES
BeH kit FAL B (GPX)RITE MRS . GPX RAEEEMT SALMBEZ —, BEiERALA
MR R ALY, R R A B e 2 B R E D, b, WERE
Rt ABRVA S O A A W Th RS, ZERNIE Sech BB S BT BT SR A,
R BRSO S, SR FRIRIAS, MRS KDY, HiRiEt,
10 57 6 AR R o VS D0 TR B R LA TR HESL AR 4 o 7 — vk S g o
e, WA ARHR. BSEETE, MEMEEIEPER. WG Lt Emite
RIS A B AR . B ETURRIAA SRS AR, FEiFmAk R s R
HME TR RN A SRR AR, TIEREE,

FIRE #2200 SRR BN BN RTR S, REDUEHRFE. ErRak
e G AR K P SR AT R R R B85 . FHRIFIFF R B SR Th AR R LU R
WA TIRE MR IR, (IR kR BRI G HLAE, RSN R
FUSIBEE S, SHBHKREREAAN TR RATEEZ Y. B, XTHBESR
RS RSB E, Tt HEAPBORIT RS W, A3 AP KRR
BHA R, wit T AR R RS B 4RI R B R KRR, LR AT RefE
FAHLAH .

4.2 WRIEPH

R FTG P HKERYIL7d, REEBRKARIE0.7—2.1 cm)i @ RAFBENLIYH, 2
H13% 5 T B I T (60cm X 60cm X 30cm)A, BHI70 2. RXHWARI 4G K F9:00. #:19:00%
BEIR, RBEANTEENS%, FREENERIRAORENHEY, FiERFETM
Wi IT 8. RIS FT AR SR EEHCERERR P IR . REINA, B
BEALEX10 LA, S HAFA—AMES, BAFERFATIIE2IR, 5 510 E SF LA £1SOD. CAT.
GPXHiEH: . HE TS R4 50, 0.15. 0.30. 045, 0.60. 0.75ug/g.
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4.3 I FTE

43.1 EEFRMEAVMZE

Yt e AR AT RE S, P ARSI TTRN S T GBS ARAULA 0.100g, EFFREJSMA 20
AR IBE AN YR (pH6.5), IKIB THHATEBA AR (TLIER ] 5s, [ABRAT[E 8s,
T 20 times), 2R 5K ST BRI R B LA, (K = E B 0 (-4°C—0°C, 10000r/min,
B0 20min), BB, RABRE. REEMSS0ENSE=mE ANk ENE SOD
& A5, SR A B R AR AR AR A B i it EUL B VR SE CAT V& 73

B H o kAR G, AR TIREE RS AU 5L 0.100g, MEFEFRESEIIA 20
AR BENE—Tris 21K, VKIS T RATHEA AR (TR Ss, (AR 8s, KEK
20 times), RBRSAEBIRAAGEONF, KEFEZ L (0C, 12000r/min, &L
25min), L&, RF DTNB EEHE GPX 548578,

432 EEREMNE

BEABRSBONESBEERMTEHTY. W 20pL B, A S0uL WREH
0.15mol/L i NaCl &, REHIMAEDHZE LA SmL, #8553, #E 2min, A Iem
HefEmA, 7€ 20min—1h P3F 595nm Abthfs, 3l OD fH. A 100pL 0.15mol/L #J NaCl
B SmL 5 DR I R AEE A xR

4.3.3 EgtEiEME
BEE N
EASE

FREREANAE MBS E SCNZEILIE S (Umg). BIAELLIE =

44 ER51e

EAREHT, SHASLEREECIGEIRRENSNEHT, 20—V
WA . BRI kMR AP KT 30d J5, =R R LB IIE HERER )4 I B B A FIAF
EHIOTERS. I ESFENEEE SRR B, BNBEE A N B A9 InE 5%
FEBRE, WEORMERN 045ug/g MR ARBEHEZERTHEREH (P<0.05).
B RRBAEHATIE R MOAINERN 044ug/g B, SOD, CAT fILLiE LA EI&
K, WHNER 048ug/g BF, GPX EHEHKA: MMMKEEF RN, ZFEEtESY
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AT FE#S (Ui 4.1 Fias).
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e N --- SOD
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/
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N
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.......... b e
[} ¢ bladdd r" L 1 | S WRRtvtindbedin tnd il =
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e SekE (Hg/gd

4.1 1AL xS hHEKIR UL SR BRE T R W
Fig.4.1 The effect of dietary Selenium on the activity of enzymic antioxidant
in the muscles of C. d. sinensis

PAERBTRPL=EREBEAHETF, XRRBITLER, BRO ENEREA
R L5 EE B RS BRRRANE  Z R RS FALRE R f 4 AR, AT X AP0 i AR 43
RHUVARI S BT AU A EBRIVAN ZRETO? -, LMRRF RIFRIRERE.

EMBRRENRAEERBMIFRARAR, FAKEBEEMAE SOD. CAT
GPX %. K SOD fE MBI ARG E —ERIK, RBEKERO ., EZHEMLMO;
1 H,0,, HiEHSKEEME REKTEIIMR, 75385050 4 MR # s B
BE BB ThRE T T E R FEEEERM, SOD iEtiaE, kA BNk IR,
EEHMARBRYAT SOD MIFHESKESMH REKFEIMKY. CAT B—FEHk
AR, EVANE D-BEREEE. RERELE. HEREANLE. Lo BREREL
B AL A NEEREEE, EEELIATBAKNGTH, REHYLE LHER
B, WRVAHEAMRENEERSMY. GPX RIGEEMNLENDEZ —, #F
BRI P9 S B EUIL A, RAPAIIR %% B R I E AR B RR 04 00 i
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A GPX REiEIRH FHL BBy, BEBEML RN, AR AR
MATIRERISE R, EEMBHIREMBHRSS A EEMM. BEESHENNAPIE
KUK ETIEE, PLRARA A SEEHERX R IR AR,
WXt A HAH] SOD 5 CAT WEHRE EREM, B 42 T THX PERIFRE L
B Z L HPE I HL
Se
2

,ﬂ_&% GPX_(¥p ;
%E CAT (V) 3
XD e S R )

B 4.2 Se WP HKAFTLELBR R GHE AL

Fig 4.2 Mechanism of selenium on Antioxidant System

SODigfk (V) HZO2 { } - H20

O;-

Bh: DRRRMHFTE, Vv Vys Vs VRREBEARNEE, RER 42 B3
FrAEKER A O - 55 H,0, BT 2R

dO%__ 1y yxjor

d[Se] (V, +V,)x[0] @1

d[H2OZ]=VIX[O_2']—V3X[HzOz] (H,O, IRFEERAK) 4.2
d[Se]

9H.0,) _ pr 10217, x[H,0,] (H0, REEEER) @3)
d[Se]

Hamilton SR XA, B AP 4.6pg/g I R0 BB AR FER D,
6 F L S B P R IE B R ] B R R & SOD i GPX WG 1, kT s B &<
R BHE T RRR, B REABEEL, BRTENEE, WoBMDA)S . ¥
WARRAYHIATHES SOD iF AKX, 5 SOD AMfae A X, MRZHEE
PR, &AL R TR S BOMLARLMELELERTENEN, BEIFBUSHEREN.
S EEFASERT LR L B A B KA E ER TR R BGER E M SR RS, K
RIFHIRRIG S8 . B L & o] A S R A B TR A A,

FRBK P, FEEREFBERERANA R, SOD. GPX f CAT RILE T HRIHE
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55 4 B WX P AKIF AR R/ MALEI KR

Wi, BIBEEMRIMERE S, BEEEREE TR NRNEIIZABEEERLTE
RPLEIR : BETEDy GPX HIEPES L, KEFX TR 52380 GPX HIiE e, TiBsfE{L
KVRPERSHIEMRIER, Fiby, K. £IE®#P4EKIF4EAR H0, 5 ROOH 4
FTRAGKFRITPE, HFREA)TH, VERIH H0, FRMRE TR, E4FAR
WPERS%, MY K, FBSOD HME, FEa. HEV FEK, GPX KiERREE
IR AR AP H,0, 5 ROOH WIEAT, AW HO, IREFH &, HJ712(4.3)7 &1, CAT
BBOE, BN, VM KUELRRTE. KREREVIMETIREER, HTIREX
F 0.44pg/g B SOD, CAT FEHETHE, KM AT 048ug/g it GPX &M TR, HATRE
FHEERREMHRIH LEME, SRNSMRESE, FEERK.

W%} SOD. GPX FI CAT &M S/ ma (WLt 0] R R AR RNIEL T WA P, 7™
AXRERO ., HTFRESARRGNEMR, (RELFRILEIRMNER. HTREA@.1)ATA,
BHBIRY,, V075, B SOD 5 GPX iEHEMEE. M H0, WKEM R, HH34.3)
AN CAT s, BEETIRENF R, HEEt— PR, BEEZEEn, 2THE
FEE N

4.1 FTLARIE, GPX i&tE T REFTX BRI E & T SOD, CAT. A RERE A
BEFRERA, SEWIFENEESEEFRORI, XL TEMWE SOD M CAT
M. BFWlR GPX MistEF .0, GPX XHifiRILH EmiiER.

H RN IE N LRSI, HASMRRRGERERYIZMN, A
WM a N H AR RENARAEE . MREIE. FR %R EERIRNIES R RS
MEBENBREZEFR. BT, RIEARGIMAX RN EEIEMB SRS, F
JEB— 1R E L, TIEMAE SR EBMIERSEMOaNEE, NiZ
BES M ITERASBE. AT BHRFMTHEFRIA NI B3 %5 S HRu,
BAREWTREALHRBRARNARERALTE: PRIV EENEE I ERT
F):

lmo,

b = Zw Im (4.4)
0i

Kt: g, —HWHEY, Im,—EKRH, Im, —FEANEY, o—%H
BRE. REP, PERIFBAMETEN, SEDEBE~ELMH. RIEARG4.4),
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FPEEKIF R RS A Tetn i B, LA ISR EIRE AR P —8 0, FAREE
BRERAIHS F K REABRR, KRR E— Al LA P LB S %
HmEE, RAUMEMANERAEENSE,

4.5 £5ip
T X RRA R B AR R KA LI A SOD. CAT 1 GPX iEHERIIIE, B
Koot Fonl ge I PE A MLAIEEAT 204, BBILLT 4
1 REWKE R PRI R E BRI ERFEEEHERF BN, HE
LraR IR TE 0.44pg/g B, LIS E SOD fl CAT RIARKIENE, HIKE
N 0.48ug/g it GPX E B H .
2. SOD. CAT. GPX =ME{ENEREHAN— RS, HKIEAAEGHAE. #
FFRRIEMRET, X=FERRIMAE IR NGB ERME.
3. PR RS 4 KAF AL P SOD. CAT. GPX =FhEgiE t e A MLEI B B f e
fe: —FRERELEENIRE, H—FTREASSRRERENRERM.
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FLE HENYRBENGEETEEMR

51 515§

DA IR, B RLKIRM R B R —F R ThEE, TEIE%
KT, EXNEEH; EREXET, BTREE. BRWET I LBIKS
Y, RAZRERAGBANE, FAREWATREERENBMRARE, R
KRG LR B RSB R, BRSNS RENESZ —, ek
BIREITEIE, £ MK B RS R — IR, TR — S i bRis TR 2
ERIP B RS RieR I, A BRI R G B v 7 B AT 41,

Bat, FITFERPEsAaRnERaEREAAE, DR 2)hBa%k.
R IIRIE S e RERIER, ERANYERAELHOR ZHA, RECHS
FIgER A T4 B PRSI gk, Bl THO—RISE RN R, Eik
BT L AP B RS . AN, SENR—AM A TR, £
FESPHUE RIS A R, BT RAMRRMEENIER, REXAMGE RN —
5, REXNMEE AT EIFERAY ROHS, FEEETHEREEAATE. i,
BT RV AR, TR SRR BRER, hmilEmaLmiEtk
S48 LT MR B X P AR B R AEEAT . R, B AR SRR S
Ak, FREETSWRORE, —RIEEERBEZEHKTE, —REREFHE
A BIN SR T B TR R WL

HT AR BP SN RREAKTE, BERLINERFREREE PR a5
HAKFHRA, UEHT HERFPR IR AERN ML, A IRH T —HEN
PR RIS TEN T, WPENRIENEE RS, HEANTEDY S
HHKFR—AEAIF, CRARNEY. SESERURSHEERBNESEL
LA ERRINAE, DERAE, B RIRETHA LS, B3%08NEEHEE
HERAR, TR LA 5 M4 RSB HKF L, AHEEARER
AR BIE, SRR A E RS A,
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5.2 MMERRIRIR

EFRNMEBEETAD, 258N MM R B A R 7 KR dT 7
BRI, AT BWNETEFRN KT R, RIELSH PR R ERRER,
KRR G F17K BRI E fE bR R 5.1 TR A=A R K, BIETEN B AR,
BiRE. R

B BRI EF AN SR NGRS, BRARIIKTHRRARLER. HIF
BRIERRIE A FER, SRMRsm. CBEM. SWHR. RIEM. BEf
BERG. DUBAK. EHENBERY. BiERERKERNNARRLKITE, Mk
mEMBBEITRURSIERE 1%,

AT BUFNER, B RBNEEEEN ERE T HIEFRFHER R . SIALE
mREH R, MILAERERN:

& =F(x,%;,%5,..0,X,) s.n

Kb, &, —RREAGEERE: x —IMERSE, BEEER. SEAEM.

SNER. BILER. 2RULBRR. TEK. BHEE. BERS

STFN BAR SENFEEL

ERE

B 5.1 REAERGRBRGH

Fig.5.1 Hiberarchy of immunity index system
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5.3 EFIEIRRIEF N

ERTHMEFRERETRP, BTFHRMANER, EFERERETAZN, X
S L B BB AR R AR T LA EROL, SERRE B/ IAEE TR, K emiatn i
HEL, ATURAREMEEREIEN, nRFRER. 2mAENRE R k.
LW R RN e & ehn T, B8R Z A BRI MK X R A AT, TR
BARRFTERZE — 2R, FERRREANBRENTEER, HENTHRSIEE
BRASEA—B. ZUAEARFFEENEN. FRAE—. DEEERHT BT
BHRE. 2T ERFANFE, HRIZBRLEFRRERZIHKDMENZAEE
HEERXR, URRSEAEN, ACKANERMERREE X eRNEEEEM
T

Imo,

_Z@ Im

KA Im, —— AT AR AP FIEHFRBE. In, —RIWAFIORHZE

AXRAR AR EE. o, ——FIERZUN BB IIKFF= LN E, ALER
Y.

Imf

(5.2)
0i

Imy~ 1Mo g oot 2 eh 2 i ARAIR T2 1% BRI BT A b, R

of

BHRK S B LEHML, &I Z AT UHTRITHE. &, ARBNGEEE
HE XATAATEAY, ETHFNTHEANRBREZ TR, Ze,>0 B, &0
FRE THERRES: He,=0 B, HUERBRNBAZN: He,<0 B, HLERRENT
B &, BEMBKIE. RE. BA, SHRMET REAORE. ARHFK, e, HE
HIR/NIRAE T 5o HIZALIRIE KK A

5.4 I ERERE

M ERE LS HHTTTH, SN A SR 1K F SR B RIS, el A
bR S PRI MK, BRI AR RIS E . BT HE S5
TR, 5 SCRF £ IEARER A A 7 S AR 52 «

EZIHRE WM T, BRI E M B EMAUE R & R . 0
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LR 2 BB A1 83

AL RARYE PF AT & L3t & fE b ) E UL BOR R A By i BWBGE T
FIBRALE BRETERRE, ERESERNRABERESRITFRUEOTRERRE
TR E. AN, BROTEPR—FLLBA RO EMBE, WERS S
W A 2 A 2 AR i
BRSIERNEEBREREERABIBAZTNMARTE, HXLETRIERER
ROH, WHAFENEREH, RE—ELWHRE, BEMRHLERHEEEL,
RRECEHIWERE, HEENERARTRZ AN EEM, EREMZ E#HTEEMN
SERAMT . BITER—MEBERNEFN T TE, SRR KEERE S ETRT KB4
ARRHEL, NTAE Bir. SHENSTERRHENZ RN HBREMENTE, L
HEA TN ERATERERITIEBIISE. EXHNRIET, BROTERBESUT
HIR:
() EHREFN B, NP ERFROBEERLITE BL—IZEREGW;
) LR FE—BERSEHEXN E—BREA—E RN EEME, iR LRE
%3

() BEIH, BB CBIERE—8E, BN BT BH, O
IREI] AR R —Budks

(@) ERFE—BHERRIATRT, 5 Ex b8 R B R AE (A X B AR 5]
B, i EEN L BERZERANE;

() HHEAEENTF RS BArR 2 HEFREF .

BRSHTEA BN S RER T AHM B4R AR E, R, HNERE, €
HE5ERRSE, R—MTOERNRGES T HE.

ERSA BB ES B, BEMAHRERR, LLHEFHECADENARE
iR, EESER—AHXTEEIAMRHRER A —HTHXNER, ZEHHER
BT 2R TOEBAR S ERFRRTEFREMES ST ESE, FFXEAT
BARWTTE, FAB—ERS, BRENITERK, FENE-ZERER, WAR
TERS. RKREHE, NOZERBE N ADERBS . —ARUER, TEPRME R HHE R
FREEMX, BIFNERK, HEHESEFENNE. TR IR IR:

(1) BEdrHELL:
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(2) KAHR R EOGEFE;

() #HT—RFNEXRHR, FEAL EMHE 0, MBIENA L,

(4 BFEREVAREAN RS SIRBRMTE), IHERAKRBMIIRFERER
H31;

(5) REANRHER I BLARHAE (A &

(6) HEFNMHER P TRE, RBIRAER R IR A B R E RPN E Lo

5.5 BRSHNRKIE

AT B ER BB AEETRBORA, A3 R0 STBEE ot hn A BB
XIAMEREF, FLPHEITEF (Litopenaeus vannamei) 73 ) $ W27 [F 771 B i 5 775 i 48]
VKU, RIERBEEROZRL, BETRBAIBRERE. FIR X 5T

(Fenneropenaeus chinensis) MR FFEHEFEE, IR T AR %EHEREL.
AR ATARBF T ES R EBFNE, tEEH AR NEESEL.

FE FLYIERT AT SR vE A 8] R P, XA MRIE T I 71(A). BEEJ1(B)-
BYEALEETE /(O A MRBOY AR 5.1), RS G RRH K RZESIKTERER
F BN A TR R 38 40.(P<0.05)

PA BRI R KR, RBAENGFARETEAR. B

&n=F(4,B,C,D)
o, MMy, |, 1Mo (5.3)
Im,, Im,,
+a, hni;]ochn"c +a, hn’;l;o h:"”
F 5.1 AOVRXTIF MU RIEIE . WEE . BYEGEETE R LR m4H AR 3 B a il se 45 5
Tab.5.1 The activities of antibacterial, bacteriolytic, phenoloxidase in the haemolymph and the total
hemocyte count of L.vannamei in different treatments(see ref.52).

TRIES WHERE S B LRSS 4 EE

[ﬂ &

ﬂ (Ua) (UL w) (x10* cell'mL™")
ATHER  1.190 0.065 1.54 1550
indeEl 0319 0.156 247 1986

AP RBERGER—NTRNRG, X8R AR B A 2R 5 Lk
R AT EMMETTSIEROHWE, &R IERET, ZRERITEER, 8K
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MRS (7 AT P, P B0t S A1 K T s2ua AR K/ EUE . S ARTEFR N XT LG 18
FILLBRHIMTAERE . WPAWTAEREBEAT AR TR, 183 BT AW R R KR AL ME A, BIFFIERD
BW, 2P WEHAR—BEKRKMAMERN T L—BRERRAX EEHNHFRE.
xRt RS, mARMREE xR R TR, . R ERERR,
T BRI B o 7 CAURL, (R A A0 40 AR IE R A AR TR RALBE IR BUE R4 Th
. MEWEBRRERAMIFEZMBENRAMNAS, MRERISEENEEFETL
AR e, CIERAERAMRED . Bk, ARy AR i 0 f$os
CIERERRREZKT YR RGRZ, TP B 57 H BN R % E 2 . K Saaty
SR AT IR BEERRE, BB/ BIER:
11

11 4

—_ e f| -

3 3

55 3

BIRRA LR MG o ECBUERE R > L E R R BT, FFREB R Mt Rk
—WRETFEMAKER, BEEEELEBEBRERY, ELEE—ERENE—B,
SaatyXf 45 T —BUHER K AT . SaatysE LT — BTG AR CT AAH N AP BEHL— B
YESERR RI, & X5 51R

Cf = Zoe = (5.5)
n—1

RI=2mw=" (5.6)
n—1

K, A, ——HIWE R RAFIEE; A, — BRARFERMFME: Mn=1,...9,
Saaty?5 i 7 RI F)E, WRS2HTR.
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& 52n MR RIE
Tab. 5.2 Value of RI correspond to n (see ref.50).
n 1 2 3 4 5 6 7 8 9

RI 0 0 058 095 112 124 132 141 145

Tt E—BE LB CR XA T

cr=<L

RI 5.7

it Matlab THEHKR, BIEME—-BHETUERZ, LRUANMEFRIRES SN

0.0911, 0.0911, 0.2508 F1 0.5670, fRN SREIHEHR/A I BIVE IS4 FEUEI8) 5 10 S0 77
AR 05003, Bl g, >0, REIEHR, XEXIAWRMHHREER—H.

FEARINVKVRIRE FRBE o, XIBMRITR 5.3 Fiatebridbs TliE, &IE ER 5B

BB A TEPRAINEE D H8 02722, 0.0793, 0.0793, 0.0793 7 0.4899, itHHE %K

LZAETEECH 1.1936.

R 5.3 FLYNEIUF MIF o CAT, ACP, AKP, 75 B 72 Rl i 0 i 4 S B fry i jE 45 R
Tab.5.3 Activities of CAT, ACP, AKP, bacteriolytic in the haemolymph and the total hemocyte count of
L.vannamei in different treatments (see ref.52).

CAT ACP AKP B EBHE T manfpsE

st
(U/mgprot) (U/mgprot) (U/mgprot) (U/mgprot)  (x10*cell-mL™)
AT A% 027 77.59 47.44 9.40 1290.0
B &5 1/4 1.07 107.75 77.23 27.26 1700.3

LR AR R DK R IR ] & 174 B, XU MROA R LIRS I S bRl 8 B 2 %
RE(P<0.05), HINAEELFMMEFTFEPREBAEFLE . MEFARMRRAS, o
FRBE TR IR ETRAR BT T WE, (B k2 BB P AR RFadr BT R I% 1 %% F17K
PARABATREA BT 5. A CEiE ERiHE, BR-ENRENEEEES
59 0.5003 A1 1.1936, it EABE R LA, ATLLARERA, Xt TR & AR IF %5
FIRR, UKURUS| B A7 EE R, X S5XIAMMEIR—B, WiEH 7RSI EE
E#. 747,
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KA R4t e o) B o R LW AS [R5 B ) iR S|, 3%t CAT, SOD, ACP Il AKP
EHERHITNE, MEERILEK 54,

% 5.4 hEAXEFEEBE T CAT,SOD,ACP 1 AKP iEHEHITIE 45 37
Tab.5.4 Activities of CAT, SOD, ACP and AKP in F. chinensis muscles under
different treatments (see ref.52).

(b CAT(U/mgprot) SOD(U/mgprot) ACP(U/mgprot) AKP(U/mgprot)
ATk 89.1 16.9 0.24 1.07
Y88l 5 1/8 115.5 14.48 0.22 1.05

FEARK S RE CAT iFEA®, MABHGFHHATFRREENTRE. XIAHAA,
ZAKESAIPATEERFET RN FARE, ATPABRE KA 2 3-8 BR A 8 ALAR
VEXTHR, T AL A5 R A 2 (B BeRSEMABUM P BB il ISR
Mo Sof i AR, A 2 V7 A 6 5 o 51 ko i R P L B AT R R IR AR, (BHF RS Hi
B F13E A B B TR T

WIBRTR T, A HB B K S5 E 18 s, =0.2810>0, B E SRR,
BT ¢, HRD, RHRENRBERAWAHARRAR. FXIAA, B LEATH
NIE TEPR G BIM S REART G, TREE A RIAT LB, AN BEXT s /)28 b i th I BT o
EHEIARTE, BEEENEER:, >0, BXE LT RIFH. Bk RS
&, FOGTHEI XS FLARIE ST UR AR AR B AR B, T EBARIF R K REAAR.

5.6 Rk RLEIE

9T B FUOK PRI X5 FLAYIE R A e R TR AR e, XA R IB IR B A M BEA R ® A
T 5AMRA. K55 5H T MERENMER.
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% 5.5 RYNERAT ML CAT, ACP, AKP, YA B i 7R ¥ o ifn 4 e B o 2 45 R
Tab.5.5 Activities of CAT, ACP, AKP, bacteriolytic in the haemolymph and the total hemocyte count of
L.vannamei in different treatments (see ref.52).

ik CAT ACP AKP  wHMEAH  DMHRHE
(U/mgprot) (U/mgprot) (U/mgprot) (U/mgprot)  (x10* cell-mL™)
A% 0.27 77.59 47.44 9.40 1290.0
gial & 1/8 0.36 72.65 54.40 18.40 1479.8
Wl &5 1/4 1.07 107.75 77.23 27.26 1700.3
Wl & 3/8 0.61 122.73 99.43 32.68 1924.1
girial & 172 0.93 157.13 92.82 32.17 1905.0

BiE LR, RINBEIBIEER:

(027 77.59 47.44 940 1290.00]]
036 72.65 5440 18.40 1479.80
1.07 107.75 77.23 2726 1700.30
0.61 12273 9943 32.68 1924.10
[0.93 157.13 92.82  32.17 1905.00 |

Bt T E AR SRR R RO RE

[1.0000 0.7224 0.6702 0.7552 0.7013]
0.7224 1.0000 0.8813 0.8472 0.8823
0.6702 0.8813 1.0000 0.9662 0.9873 (5.9)
0.7552 0.8472 0.9662 1.0000 0.9914

| 0.7013  0.8823 0.9873 0.9914 1.0000 |

RIS, R SHFMEE, FHHER/MFHT, RER b SR EERFERE. .9R
IS 1B 1 P PP HE SN :

A=[4.3803 0.4177 0.1809 0.0212 0.0000] (5.10)
REAE (B AT 08 L V4 1 B 9 -

[0.3883  0.8969 0.1346 0.1414 0.0815 ]
0.4432 -0.0257 -0.8753 -0.1621 -0.1021
0.4631 -0.3273 0.1175 0.7956 -0.1778 (5.11)
04677 -0.1291 0.4036 -0.5147 -0.5804
| 0.4687 -0.2665 0.1975 -0.2364 0.7839

(5.8)
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FEE AT, ZARAEE R TR IA R 85% —95 % if, HxF i AE— =, -
BEmAERS, EIE—ERSNMAFER R, KRB TR TP EARNES, B
AR AIIE . @, B—ERSMTMELET] 87.61%, F-ERAMRITER
ik 95.96% . BEIBIRAIBESHN 0.1508., 0.1964. 0.2145. 0.2187 F10.2197. #
RIS HIE X BB BIMREERAN(S.2), B BRMRAE K5 A &5 AL IR R 4
&A1 %08 03110, 1.1433, 1.1889 F 1.0885.

XAMINA KRS & B 1/4 B, AR5 232 AR & FLEB RN 4T 4.5 77 (P<0.05),
{83 X R AR PR BT T H AR BT E BN, MRS A MERN 38 1, 4
EAZEHRBERK, FOANAHBOERINE &8 & 3/8.

5.7 AR ELEPILGE BE(Eriocheir sinensis) R B NEEIREITE
X PPISR R T H R 3 R B AR R TR, & RRETELR
AR EIEE SN BATFEREZR (P<0.05); HHBEENE, BEIEEE SN
MAZRWREE (P<0.01); HiEMEE, SEAYEEEERTREP>0.05), HY
HHXBERE, W ZPELGHFRMEAEEREPEAEENRRKTF (R
5.6).
x 5.6 FMRPEL)S REE

Tab.5.6 Immunity index after fed with Chinese herbal medicine as additive to normal food(see ref.53).

G FRPR puglicEdil Gy
10 4H B 75 15 3R (%) 68.32 71.51
M T A 76.32 81.07
EHEREETE(UL) 0.15 0.32
RIS (Ua) 0.49 0.51
By AL BB TE(Aro) 6.13 13.41
it AL REIE 4 (Aron) 0.27 0.29

X FAR T HF BT 18 K8 B R S Tk AT T AR B B HE R I TR ZE 9 0.1667, %
BAZEHREN 04242, QIRBENGEERBRTE, £ENER, 5REEVARER—
.
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5.8 RENESIERERANIDRINA
KABPVEHR T PRIBETREEHSESHA0, 0.167, 0333, 0.999 gke
BERL 30d J5, XT/NBUHITIRERE, ConA ESK/MRMEARENL, BREREESRM
(DTH) bA K S5 B W5 40 A B W A 40 A0 AR B8, XY EAT 7 R/ B (B, 308 LB (HCso)
PR, NK AMEERTRE,. B8R 5.7 84E.
£ 5.7 PREEEIIFRRE

Tab.5.7 Experimental value of immunity indexes about mice (see ref.54).

fats Ogkg 0.167gkg 0333 gkg 0.999 g/kg
HHE(g) 14.76 14.47 15.02 14.99
JERE A E (%) 0.50 0.51 0.52 0.53
i it /42 2B (%) 0.30 0.31 0.31 0.32
DTH(mm) 0.25 029 034 0.35
HHEHHE{LEEF1(0OD) 0.01 0.02 0.02 0.02
HivksE iS04 ) 2.29 36.00 50.80 54.60
HCs0(OD) 159.00  166.50 172.60 176.40
BZ-EV AR EEEe) 533 5.67 6.21 6.60
BN LT 4 F(%) 27.60 28.00 28.60 29.70
NK 875 HE(%) 52.60 61.30 68.40 75.40

ZABIEARE 3 MARARN 1 MW RAR 10 MR, @il EREG2RBHIEIER:

14.76 0.50 0.36 0.25 0.01 2.92 159.00 5.33 27.60 52.60
14.47 0.51 0.31 0.29 0.02 36.00 166.50 5.67 28.00 61.30
15.02 0.52 0.31 0.34 0.02 50.80 172.60 6.21 28.60 68.40
14.99 0.53 0.32 0.35 0.02 54.60 176.40 6.60 29.70 75.40
BT R RIS AR R REUERE:
1.0000 0.5565 0.5419 0.6568 0.3839 0.4513 0.5918 0.6935 0.6470 0.5985 |
0.5565 1.0000 0.9952 0.9738 0.9785 0.9545 0.9936 0.9842 0.9582 0.9986
0.5419 0.9952 1.0000 0.9846 0.9835 0.9786 0.9981 0.9747 0.9274 0.9936
0.6568 0.9738 0.9846 1.0000 0.9389 0.9671 0.9925 0.9785 0.9066 0.9805
0.3839 0.9785 0.9835 0.9389 1.0000 0.9726 0.9705 0.9275 0.8934 0.9676
0.4513 0.9545 0.9786 0.9671 0.9726 1.0000 0.9728 0.9161 0.8306 0.9498
0.5918 0.9936 0.9981 0.9925 0.9705 0.9728 1.0000 0.9838 0.9328 0.9952
0.6935 0.9842 0.9747 0.9785 0.9275 0.9161 0.9838 1.0000 0.9729 0.9918
0.6470 0.9582 0.9274 0.9066 0.8934 0.8306 0.9328 0.9729 1.0000 0.9626

| 0.5985 0.9986 0.9936 0.9805 0.9676 0.9498 0.9952 0.9918 0.9626 1.0000 |
-39-
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AL R R 2R A 2 A R

THEMBRIAERE 5.13 AL E, FFEMEFAY, M3
[9.0715 0.7641 0.1644 000000 0] (5.14)
R EABL B3 L B RFAE P12 A -

[0.2071 0.8885 0.2120 0.1383 0.2247 0.2040 0.06911 0.0493 0.0632 0.0095 |
0.3304 -0.0869 -0.1537 -0.4153 0.1320 0.1564 0.3128 -0.0814 0.2056 0.7060
0.3300 -0.1193 0.0768 -0.3762 0.0996 0.2793 -0.5872 0.2503 0.3942 -0.2800
0.3286 0.0402 0.3393 -0.1727 -0.1738 -0.2718 -0.1868 -0.7706 -0.0915 -0.0632
0.3190 -0.3153 -0.0475 0.2983 0.4734 0.2959 0.4024 -0.2523 0.0732 -0.4059
0.3174 -0.2398 0.5055 0.5693 -0.1909 -0.1019 -0.0552 0.2594 0.2068 0.3193
0.3313 -0.0512 0.1127 -0.1569 -0.4027 0.4266 0.1437 0.2147 -0.6557 -0.0962
0.3297 0.1162 -0.1446 -0.1823 -0.3228 -0.4962 0.4423 0.2598 0.2862 -0.3578
0.3162 0.1141 -0.7098 0.4072 -0.2909 0.0896 -0.2954 -0.1687 0.0355 0.0867
[ 0.3315 -0.0297 -0.1223 -0.0092 0.5293 -0.4976 -0.2212 0.2475 -0.4780 0.0862 |

B A EE— RS O FIRES 90.71%, B XM R TREIEH
08.36% . H—LMALELIN MR AN R TREEEREBENEA: BoERHWT
BRERN 7.65%, THRENEYEE UERRE—ERS, BRFNHEIEIHER
S, (hAEREBNMAL. B4, BTEMPREEANEMEEEEN, A
5otk S RIS 57 P T SSHEAR, AT SOR A B — P MR IR R R, TIEER
IR S — M E T B A B AR EHORIOMR, AT MR, % 58 NE—
AR A R AR T B R B

B— RS ER RS RS BOES, BIAE, KEMRBILEEST. W/
. WE. G RERSR DTH f4rt ik, HATITSH A AR, XX
6 43 B SR BB PR BEAT S04 UL, BT DL 0/ B AR A 2 PR R e
Ve, — AR, WAL K W E AN LA 1 TR, FUA AN
., DTH KRR, B—ANHRFE. LM 513 B8], KRR FaRA
BOTEARSE . TERERIBR S BIRAS S b G R M AR IR B RSV e 3R Y, W E S
ILE ST, SR NS R DTH #0524 57 4 JE 00 T B 47

(5.15)
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#58 ERSMBNE RS E

Tab.5.8 Component of every vector of principal constituent.

HRIEIR BERMHERESE FZERMHERESE

HE 0.2071 0.3304
e/ E 0.8886 -0.0870
Ml E 0.2120 -0.1537
DTH 0.1384 -0.4153
WA EILEE S 0.2247 0.1320
Bk 4 B iR 0.2040 0.1564
HCso 0.0691 0.3128

B8 4% - L MR A R B 0.0494 -0.08142
FVEAS LA 0.0632 0.2057
NK 40 7%+ 0.0095 0.7060

B F SRR SRS BHE P NK fHiETE, HCs, FHASLMMAIGE
ERRESHER K. WHES—ERS REMUPHERM L, DRREEXTEMERE
MRS NK HHIEE TR 71 R R EE B4R, HCso, FMEXSLLA0A I vF Rl
ERFHRENEEE, FBEMNER 513 B8], XEHERZAAERAMIEMX.

IR R KIS RE P A R, TR R % R WA G REEZRIM
HEH, BEERS ST ERAX ST THMRE g BdERS RS, R
RS [ E e SR PE A R, DR R AR IEREIR T R e KRR E
EfEH, ERREGRZREYGEN RN IR R R A RIS

Bk, St FHANVF RNV EENGEERBAXRAFER. HHEERSERIR
EE S HM: 0.04289. 0.1092. 0.1089. 0.1080. 0.1018. 0.1007. 0.1098. 0.1087. 0.09998.
0.1099, AR 5.2 B3] 3 MARA LR NG ERET AN 1.295. 1.861. 2.028. 4R
SR pPIEmAL R — B, BEREBNBPRORES. HHBELRENEEEY
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