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Abstract: A feeding trial was conducted to determine the effects of mineral composition on fish meal re-
placement with poultry by-product meal in diets for Litopenaeus vannamei reared in low-salinity water. Three
isoproteic and isolipdic diets were formulated. The control diet (FM) contained 30% of fish meal. The fish
meal of FM was replaced by pouliry by-product meal to formulate pouliry by-product meal diets ( PBM and
PBMF). PBM wasn’t supplemented with minerals, and the PBMF with mineral supplementation had the same
mineral composition to FM. Juvenile shrimps with initial weight (0.30 +0.01) g were fed for 8 weeks. The
results showed that; weight gain rate of shrimps in PBMF groups were significantly higher than PBM groups
and lower than FM groups (P < 0.05) . Shrimps in PBM groups had significantly higher serum AKP activity,
gills T-ATPase and Na* /K" -ATPase activity than those in FM and PBMF groups (P < 0.05) , while the
concentration of significantly Na and Mn is serum were lower than those in other groups. The Mn content in

whole-body of shrimp in PBMF groups was significantly higher than that in FM and PBM groups (P < 0.05).
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These results suggest that the unbalanced mineral composition of poultry by-product meal is one of the key fac-
tors that affect replacement of dietary fish meal for Litopenaeus vannamet reared in 2 ~3 salinity water.
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FLAREXTER ( Litopenaeus vannamei) fAFREE I FAXTHR, 2 244 T L IR 58 MRS 7= i de e 1) — R
Z—. WTHIENMET AREERU ASURRE S, B 1988 AEG R E DR, CdVE AU 3R E 5
BT R ) RN 55 B 7 e e e AR SR A S AR R, R LA T ER AR R A RS (fish meal
FM) ISR 30% (Fimsrdt) Zcdn, (HImEeApRe ok ps oA B 280 LA it iR GRDRH I 4% J5
ARF, R P b Gtk FH R 29 35 58 A A DG . i ELIF 2 R A A 28 1 SRR R ARy
REARK P SR Ry RO, AR R SRR, 3 T LA G PRl BE AR5 Ity SR A T o A A P [ R

REYHEEATES, XRH (poultry by-product meal, PBM) I H K™, &AM & &K
B, ZENFZ KR B B O, MRy, SRR TR AR . HER . &R, B ER .
HEMRVI L, . 8 BEREOTR SEBMN (WER 1), B, DX PRI H A AR R4k v (7
oy, BEAT SRR PR A AT A, s iE R AR T ot R SRR, ECA B
R R, KBRS &% R E R N R D, H0 %8 &% B0 Yot P
K. KhE &R Y ocE, SUFaES A, s, R DL S KA E8E B — 5 & i) JT
£, FmHX AR R Y R AR AR, T AR I K FR B 25 A 0T LA XS R R o L R R 4
TR LA X R e v g frop O

%1 RRAEHIBABNENNS  BERRT N RER (T 0RER)

Tab. 1 Proximate,amino acid and mineral compositions offish meal and poultry
by-product meal in the present test( dry-matter basis)

%
JEURE LEER iy XS RH Poultry A k) XK Poultry
Ingredients Fish meal by-product meal Ingredients Fish meal by-product meal
T DM 91.92 94.48 O TR Trp 1.76 0.78
HEEE CP 67.68 68.43 B R Val 3.40 3.29
KR EE 7.86 12.18 5 Ca 2.57 3.07
FLK Y Ash 16.40 10.98 P 2.39 2.21
SEILE R Tle 2.84 2.74 9 Na 2.64 0.86
SEZR Leu 4.81 4.79 K 1.69 0.87
R BR Lys 4.99 4.26 BE Mg 0.28 0.14
AR Met 1.86 1.47 i Cu 30.42 x10°° 43.58 x 1073
HNATR Phe 2.56 2.62 %% Mn 120.80 x 10~ 19.58 x10 73
INRR Thr 2.68 2.67 ¥ Zn 98.61 x10°° 118.00 x10~*

UTAESR, LA XTERFRFE MUY G, © i ite ) NG, DTEE 7K 37 7 1] AR B AR A 2R
IKMIEFRI A . SR, AR BE SR K AR A 280 W e R S i AR T AOKIR AR R X ERIE
AR TR EAER T YR R RGN IR P I, A WP SRR RIS S | B AR
AT E FLANEERTIRAE AR R ER E 2 ~ 4 TR AR 0 DRITT, AR PR R w55 L 928 AR A0k 7T 2 DR Ak A 34
IIYIICER E AN R AR ER B IR FE A5 I T LA SRR AR, (HOG T X 07 A WIF ST fiF A fial. oA
I, ARG A AR U R R R S I e R, RS LN IR AR R PR . ARSE S ie
T MIEBE R RIS Poe R AAF S dn b, PIRIURER BRI A TR AR B0 M) LR 4N
XA LR IR R SR RCR B - LAY A FLAA s SRR foBs Rl B e il 42 (R B S ARH
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1 MEERE
1.1 SEIEHHRl

1) SCgetapkl R RRE TR,
80 HIfi M, iRl (Wk2) MLHLElE K
PRIGENRA, SRIG MK, 2SR kL
Bl (CD4 x 1TS T T ReMEAL AR, FERg BT
K HIRRAE N 1.0 mm A1 1.5 mm B9 POR1E
B, BARRT RS, T -20 CokKM IR fF 4
FH. ASERTCH] 3 FAERAFAR R ERE, ot
MR (FM) & 30% (it r%) ks,
PBM 556 20 LUXS PR 58 4 A0 FM 21109 fk
PBMF SZ56 4 7F PBM 20 fl 6} b A3 i AL 4
i, fHF YR IAE FM 4K 3 Rz
TR W) e 2 B i L3R 3. AR R G
PRI R R TR S R 1 1) 22 5+, PBM fil PBMF
HIIMEH IR EIERR, ff 3 Fhiabk A & LR 7K
FHAE.  FH AT RN o 180 25 2L A 2k A AL
RIERK-, LATCHLE P4k i — S AL RE 15 45
LRI 4338 BAR LK -

2) LB SEBRRT LGN XTI T AR
ERETHEEXE Y, A TR —
HERACHR B, MR BB AR R G0 F 24 IR
(/A% (0.3 +0.01) g, 4K (2.5 £0.2) cm).
TEF 420 FEFWIEH | BTt DL S aiAg 155
AL, FEFLAIECE] 12 A RN 100 L Y
PEAT KGR, RREUIL 35 XA, R4k
ANEE, SRR 3 FhecisiEkL
1.2 Ak
1.2.1 1agEE

FRIE SR AR 96 KK P2 B K P 5L 86 3
AT, WEI8 M. SLRIKIENAERINEE . U
UE I TSR K S ORI BC I AR, R
2 ~3, B#EK 156 mmol/kg. & K 43 B 78
08 :00—09:00 , 13:00— 14 :00 118 :00—19 :00
B FeAIMAE Y 6% ~10% $E0E. N T
RS SR AR K TR, RS BB R
B 3 ~ 4 R M, AR X IR £ A ] 2
15 min, FXFERAFRIEE M 1L, IEREE
RN IR e . SRR, FRAEKIK
p (BE) >6.5mg/L, p (AA) <0.2 mg/L,
p (WHERE) <0.02 mg/L, pH= (7.8
0.3), /Kil25~28 C. &FRMEIC EXF IR

*2 FIWEAMBRAREFEN( TYREM)
Tab.2 Formulation and proximate chemical composition
of the test diets( dry-matter basis)

%

JERE Ingredients FM PBM PBMF
4K} Fish meal 30 0 0
X;‘% m*ﬁ Poultry by-product meal 0 30.5 30.5
E*H Soybean meal 20 20 20
T]:*ﬁ]\ Shrimp meal 10 10 10
o — VEHS Alpha-starch 30.8 28.7 28.7
13 Fish oil 0 2 2
XS Poultry oil 3.3 0 0
PR Lecithin 2 2 2
SULIRFK Choline chloride (50% ) 0.5 0.5 0.5
AHEEE Cholesterol 0.5 0.5 0.5
A RIRA Y Viamin premix 0.5 0.5 0.5
FIRIZ A Y Amino acid premix!) 0 1.0 1.0
WA Y) Mineral premix® 0 0 2.63
—E AR si0,? 0.8 2.63 0
4EEZK C Vitamin C 0.5 0.5 0.5
BERFAZIR Yeast nucleic acid 0.5 0.5 0.5
M TETRE Sodium alginate 1 1 1
Bl %5511 Anti-mold 0.15 0.15 0.15
P4 Anti-oxidant 0.05 0.05 0.05
FFNAY Proximate chemical composition
HLEE 1R Crude protein 38.57 38.89 38.85
FLAERA Crude lipid 9.56 9.60 9.43
JK53 Ash 9.73 9.76  9.71

B :1)100 g BIEMR IR W) h & BUE TR (Lys ) 0. 26 g, i
BBR (Met) 0. 14 g, & B2 (His) 0. 12 g, &R (Cys)
0.20 g, (R (Trp) 0.25 g;2)100 g W ¥ FIRA Y & NaCl
1.49 ¢,KCl 0.35 g,KH,P0,0.30 g,MgSO, - 7H,0 0.47 g, MnSO,
- H,0 0.01 g;3) BN AbakORar =R i 53 AR

Notes:1) Amino acid premix (100 g) :Lys 0.26 g, Met 0. 14¢, His
0.12 g,Cys 0.20g, Trp 0. 25 g;2) Mineral premix (100 g):NaCl 1.49 ¢,
KCL 0.35 g,KH, P0,0.30 g,MgSO, - 7TH,00.47 g,MnSO, - H,00.01 g;

3)Si0, was used to keep the same level of ash content in each test diet

treatment.

R3 ZBRARTYRTESE(TUREM)

Tab.3 The analysis on mineral element concentrations

of test diets( dry-matter basis)

(g-kg™)
B #HIIC % Minerals FM PBM PBMF
£E Ca 11.13 12.47 12.28
WP 11.62 9.97 11.29
B Mg 2.24 1.39 2.03
£ Na 7.36 5.05 7.70
I 10.51 7.94 10.91
#i Cu 15.15 16.92 16.84
B Zn 71.46 78.34 77.02
% Mn 85.70 37.47 87.01
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IR . Wise RAET O
1.2.2  SCHHRE AL &

8 JAFRFH LI A G, XEMARE 24 h, A AR EUEE R AR B )T il sk AL, MV GTREHLIE 10 2
WF, BIFRRE, 4hE, 70 CHLTEEE, A NSRS A BB E T - 20 CUKF IR, &
AT YocR S ESr. JINERIFENLE 15 AR, 1 mL JCBE T e DK IR 5% A0 SR 4 i itk 2
G S A IERER, A KEE OB TIRE, 4 CHE 12 h, #RJ5LL 3500 /min 7£ 4 °C R &L 10 min,
PRSI HEARAT T - 80 CUKAR AR, R MLAd A XT R AR, R0 B I RAR AN Sh e, $&ET5 )
IXTRRIF IR AR B R A T, T - 80 CUKFATRAE. GIFRRIAbSE, T 65 CHMRT LT ZaE, Mk
[T IRAPSERE i B8 A B BT - 20 CUKF HI-AE, &HTT Yoo E ST
1.2.3 ST FRIN

FLAXTIR A G E 3 (weight gain rate, WGR) Ry, . 1B R %L (feed conversion rate, FCR) R,. &
FIA R ( protein efficiency rate, PER) R, A% % (survival rate, SR) Ry B2 32 50 510,
Ry(%) =100 x (W, = W,)/W,,R, = 1./ (W, = W,) ,R,(%) =100 x (W, - W,)/W,,R(%) = 100 x
N/N, , Hb: W—WIGRKE (g), W—4&KRIEE (g), [—HBEREALSR (g), W,—HAEAR
S (g), N—WIRIRES, N—ZoRIFREEL

XTI I PR 5 1 375 1) 3 A AL &6 ( Catalase, CAT) ., At H AR S ALY B ( Glutathione peroxi-
dase, GSH -PX) D)L MBsI:WsRREE (Alkline phosphatase, AKP) (g% /1, #22f9 Na*/K* — ATP Ji§f
(Na*/K* = ATPase) . Ca’*/Mg>* — ATP if (Ca’*/Mg’" — ATPase) Hl. — ATP fif (T — ATPase) HY
it 15 1 352K F et A ) T ARG T A 7= B R B o, 4% R 2 R THA .

MLYE W 5L (phenol oxidase, PO) I&TERIMIE k. BCHl 2 mg - mL ™" f) L — DOPA ¥EHAE N
FNJEY), LLO. 1 mol « L' FYBEIREN SR 22 0 (B 31.05 mL 0. 1 mol - L™" KH, PO, % ¥ A1 19. 05 mL
0.1 mol - L' K,HPO, /AR 4, FilFZE 500 mL, FZE pH=6.4) HIEF], BL0.2 g L - DOPA Bt il i
2 mg - mL ' OIETR. IR T AE 96 FLEEFRA FANALO wLIfL i A1 220 wL L - DOPA %%, ~7.B17£490 nm
AR AL E WG REAE, BEIRIRE 10 s S2H0 1 W, S0 180 s, LAMROGEEMEXT RN BF] (¢) VER, 487E
SEG SR AR RO IS0 0. 001 5E X A—NEETE S EALE (U).

Tk B 43I0 2 2R AOAC B AL . KA FIBEAR 105 C Rt = d vk MR R A
AURERTE (Nx6.25), MZEES R4 H IR E Z AL (FOSS Kjeltec8400, USA) ; FHIE I 2 ¥
RICHIRE (ZBENARIBUAR) 5 HUR M IE K S fa b KAk, 550 C %8 12 h.

WYL E S RIE . TR 0.3 g A (2, Shsemimbkl, Yoy Y Bal) T,
INAE A AS 2 10 mL, 180 °C FMI% T4 ## 40 min (JUPITER - B, £ BRI, Y
AR AR AR . BHARRZ 0. 22 wm i I8 (JENRE) U8, WIERARCGEKMREHRBEE
100 mL #5800, JFEA4ES), MR G & 8 IR+ & 615 (ICP-OES, Prodigy7, LEEMAE
LABS , USA) {ll%E.

MIEH0. 4 mL % BiR (F¥ocR Saayillg) DEIFATIE , 075 238 H i HIACRS A vk s
BB EAL (OM806, fE[E Loser AH]).

1.3 HELEFRS R

SCEGEACR  SPSS 17. 0 S AT I R Oy 200, AR 83, WRH Duncan Rk T

ZEWNK, ZREBEEAKTR P<0.05. FAFIELVAEE £ brfER (Mean £SE) FUK.

2 HER
2.1 AR T2 Ak TR L0 E X R A 1 A B B
H 2 4 AT, 4% b B 1] PLANBEXT IR AOTETR RTC B B 225 (P > 0.05) 5 SRR RS B R 1
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FRACR, dmeTYEhg PBME LR35 T PBM 4, (HEEKT FM 4L (P < 0.05) 5 MixTHRAaR R %
RSS2 M, 78 PBM AU RAA, B2 THALE B (P < 0.05) .
R4 AR IR AE X LRI IR A K 1 AE B

Tab. 4 Effects of dietary mineral element levels on growth performance of Litopenaeus vannamei

ALFRL Treatments FM PBM PBMF

HWEAR WGR Ry /% 1136.77 +18. 46" 737.52 £13.69° 878.65 +20. 63"
T R FCR R, 1.33 +0.02° 1.73 £0.03" 1.46 +0.06"
MR PER R,/ % 195.46 =3.38" 148.39 £2.29° 172.95 +2.19"
G SR R/ % 82.86 £2.86 84.76 +2.52 84.29 +2.97

B, PAECH AR TR R R 2R B (P < 0.05) .

Note: Means with different superscripts showed significant differences (P < 0.05) .
2.2 EAREPWITEKEX LWE R M FE ISR R EFATEER SH ISR m

wmE 1 Frs, PBM AIXTER MG A9 AKP 1 77 2 5 T FM Fl PBMF 41 (P < 0.05) ; PBM il PBMF
2HZ AL NHR VSR PO 1E I 22 R AR (P > 0.05) , (HEMIBEF ST FM 4 (P <0.05) . &2 fir
7N, XTHRAFERRAY CAT A1 GSH - PX 7% Ji7E FM, PBM A& PBMF 422 [E 23 A EE (P > 0.05) .

S
)

61 a . 600

/(U-mlL™)

5
4
3
2
1

fit} 1% 71 Enzyme activities

fit} 1 71 Enzyme activities

0

FM PBM PBMF M PBM PBMF

a B VEREIR G AKP b By PO
Ui W [m] — 2B b AR AR B B Oy SRR TR Y 3R0OR 22 5 1 35 (P<0.05).
Note:Bars with different superscripts in the same group had significant differences (P<0.05).
B 1 AMNTHITEARERLGETIRGDE AKP 1 PO & 1M
Fig.1 Effects of dietary mineral element levels on serum AKP and PO activities of Litopenaeus vannamei

g 107 g 2
5 st £
£ 95 Z 20
5T 90 2Ty
g é ;HE 1.5 I . R e,
E . 85 [ E: : ] ]
Lﬂ@ L‘@ 1.0 . "
R 80 E . . ",
e
- L o 0 5 — u m
gz 75 & . - amnn
70 0
FM PBM PBMF M PBM PBMF

a A H IS A GSH-PX b i FAERE CAT
Ui B ] —AUBCE b AR B O SRR AN TR R 25 7 B 3 (P<0.05).
Note:Bars with different superscripts in the same group had significant differences (P<0.05).
B2 AT YITEAKEINNEITIRAFEER CAT #1 GSH-PX i& 1897
Fig.2 Effects of dietary mineral element levels on CAT and GSH-PX activities in
hepatopancreas of Litopenaeus vannamei
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2.3 (AR W EKEX LAE RN ESEERA TR
FH% S ATA, 252 2 (] PLY I X B 4 I 7% 98 388 FR BB 22 Ca®* /Mg’ — ATPase 2% A B3 (P >
0.05) ; XTHFERZZH) Na*/K* — ATPase fil T — ATPase 1§ JJ7F FM 1 PBMF 4l 2 [0 2 %A W3 (P >
0.05) , {H7E PBM ZH U5 K fH H i 2 THAAL (P < 0.05) .
£S5 ARE KT LAETEREE L ATP BSiE 0 M55 5 E KM

Tab.5 Effects of dietary mineral element levels on gills ATPase activities and
serum osmolality of Litopenaeus vannamei

QbR Fif 7% 71 Enzyme activity/ (U » mg™") 1357535 FE Serum osmolality
Treatments T — ATPase Na®/K* — ATPase Ca**/Mg’* — ATPase /(mmol « kg™ ")
FM 6.67 +0.04" 7.07 +0.29" 2.98 +0.07 568.67 +8.97
PBM 7.68 +0.08" 9.44 =+0.83" 3.04 +0.07 556.67 +9.13
PBMF 6.43 +0.18" 6.69 £0.33" 2.95 +0.09 567.67 =5.04

BLT . PO FAR T RERIR I #R R B E (P < 0.05) .

Note: Means with different superscripts show significant differences (P < 0.05) .
2.4 ARTYTERAKERLWETIFEE, SPEFNFHTHTESENE N

26 %, XU (ARFfSSE) 1 Ca. P, Mg, Na. K, Cu Ml Zn By H HLAE FM. PBM LUK
PBMF 222 R A EE (P > 0.05) ; XJHF (44&) v Mn f95is Ltk PBMF 41 % 3% & F FM Al PBM
ZH (P <0.05) ; ¥R (4h5E) o Mn (9 L PBM 41 83K T PBMF 41 (P <0.05) , {H5 FM 44t
WEZES (P >0.05) ; XURIMLE T Na Fl Mn (955 [ PBM 415 KT FM 5 PBFM 41 (P < 0.05) ,
MXTER MG H Ca, P, Mg, K, Cu I Zn BB IWTEA A Z [H] 22 R A% (P > 0.05) .

Fo AR YIKENNLAENF2E SMEUARNET Y TERENZIT
Tab.6 Effects of dietary mineral element levels on mineral element content in whole-body,
exoskeleton and serum of Litopenaeus vannamei

IbFHZH w(Ca)/ w(P)/ w(Mg)/ w(Na)/ w(K)/ w(Cu)/ w(Zn)/ w(Mn)/
Treaments — (g-kg™') (g-kg™') (g-kg™') (g-kg™') (g-kg™') (mg-kg') (mg-kg') (mg-kg")
ofk FM 23.57x1.14 7.80%0.16 1.97+0.05 10.21=0.67 11.84+0.27 54.33 +1.07 87.170.64 4.64 +0.24"
Whole-  PBM  22.85+0.73 7.65+0.07 1.94+0.03 9.89+0.11 11.71=0.16 54.00=0.16 87.38 =0.84 4.03 +0.36"
body  PBMF 22.90+0.46 7.86+0.15 1.95+0.02 10.16+0.37 11.73+0.12 52.75+0.62 88.18 +2.45 6.32 +0.22"

Vi3 FM  88.25+1.09 10.03+0.11 3.91+0.08 5.95+0.07 6.48+0.12 52.3+0.49 41.56 +1.64 7.04 +0.22"
Exosk- PBM  87.94+2.54 10.19+0.59 3.92+0.13 5.94+0.11 6.49+0.19 52.69 +1.57 41.24 +1.87 6.97 +0.(4"
elelon  PBMF  88.85+2.88 10.62£1.21 3.94+0.12 5.99+0.13 6.55+0.05 50.22 +1.26 41.87 +0.76 7.79 +0. 33"

FM 0.42+0.02 0.17+0.01 0.02+0.00 4.45+0.03" 0.52+0.01 116.90 £2.59 12.38 £0.91 0.12 £0.01°
PBM  0.43+0.00 0.16£0.01 0.02+0.00 4.21+0.05" 0.50 +0.01 112.82+2.88 12.01 £0.49 0.08 +0.01"
PBMF  0.43+0.02 0.17+0.01 0.02+0.00 4.57+0.04" 0.52+0.01 114.49 £2.57 12.05 £0.61 0.13 +0.01"

U SFECH AR T REARIR SRR ER B (P <0.05) .

Note: Means with different superscripts show significant differences (P < 0.05) .

iR

Serum

3 iTie
AWFFELERERY], WG A SE B AR 2 AR T RER B SRR T LA XS AR I A, XS
KRR AN ST W) T R IR B A 4K T R B R X R A A IR R, ARER B KR B 0 M) e 2R B9
R ER TR, TR R T A IR AR 0] B2 BT o0 38 3 AN T AR ™ A B T
B0 ARG AL P Na, K, Mg Al Mn B & BB ALAE, XS AAS 58 4 81 Cxt R ) o
fytakys, AEIE P PBM 415K P Na, K| Mg Al Mn (92 SAR R IR T FM AT PBME 414
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(W 3), HiXsey Yoo R HAMMXTERRSE | B sBoE . difesh e, LIRS
B AR A AR B AE N T EATAYERZ AT AESE PBM 4IX IR KRB AR B E RN, B
9% PBMF 4R MR & &A1 FM AR, (HHHIR A 2R KAVEREDD B KT FM 41, mlfigjeh T
By B SR R S LS A AR . TR . 2R BRI AR O AN SR A 2R R TR S A
SEAR AR I AT R 6 MR A7 6 R, X 5 At 2% 2 X PL A T 6T B e £ R 1) B AR F g 4 R 2R
ARLTO T SR ING PR AR X FLA T o R R R B R TR 2R

B SR X IR B2 (0 DGR 53, B T IO R P 2 B A S A 01k, DL G S R 5 1
DU AT B O A ORI E B ST AR K B BEIRR IS (AKP) AT (AL B R R 1Y
KRR, RO IRIE A, 2 58 FRW AT ™ P, 25 R A AR A 3R A Bl N
SRS, FERTREUR R AKP 36 ), KRR IR SRR A s MR SE I, T XTURIE R A e AR K. ARTFSE
r PBM ZH %I I35 (9 AKP S P 0 35 5 T FM ORI PBMF 201, — 5 T i) RS PR HURDRH B & A1
Cheng 25"* BIF5E & B0 FLANEEXH IR AT RBEAIE. AKP T35 77 bifi 25 e Ao W 25 2k (0 189 o i 4 38 A 3 — i, o]
VREELAE Y ESE T PHES F r I X ER AKP (935 1. ARHFSE FM AT PBME 4L A9 AKP 35 ) (%
AREE TRl Mg F1 Mn &40, AL RE (PO) 2 W edeshW E LM apRE s 1,
PO — 5 ARG (T A7 AE T X IR I E 20 A P EAR S 6P, 2432 3 5 DR 7 o ok 2 B ) RE RS 2R
fyEALEEIR (PPO) A&LL PO MR SN, A ¥ A ThEE™ . PBM Ml PBMF £ % UF ifi 75
() PO 15 77 B2 R FM 41, wRESE th TG PR vh & A5 1 BE 28 7l 8 PPO ] PO %4k, FEILTE &
FEARRE S E R, MIMLIARSR & () e K- S IH FE R I B i, X ] g2 PBME 41 %) R4 8 R KT
FM R 2 —. S H G SR (GSH - PX) At LA (CAT) EAEWik N i & Ehi
LB, ENIREHERARNEZM A M, e ampfas™, R i & A AL iss AR B
F2ES, ULHARY PR 58 e BRI O AN 2 i A PLAN T S MR P R R 1) AR O 9

ARLIFRFEAMB B (156 mmol - kg ™) AR T XS EF LT BB E (500 ~600 mmol - kg '),
b 158 125 5 (AR MR TR0 25 5 S b I K o MR 25 B8 B e . R SE sh s e R ;N 9 7K o RS AL S 7
Ry 328 SRR 1Y I 36K 95 08 TR AR I A AR A G o L P R AR S AT S A, I HX
OB PR FEAE IS Nat /K — ATPase, V — ATPase, HCO; — ATPase FIBK R [T 55 22 Fh s 115 12 il
FIVER RS2, Hod Na*/K* — ATPase K25 T — ATPase 1% /1 70% ). AK#F5E 4, FM, PBM
1 PBMF 41 2 [BIXFER LIS B B R 2 S A B, {2 PBM 4 XFHFEE22 49 T — ATPase fl Na* /K™ — AT-
Pase 1% /1 &5 T FM Al PBMF 4, RIfErh T PBM 40K Na A1 K S EEAK, XFURAFMKEERE2H 21
RS T — ATPase Fll Na* /K™ — ATPase 1 7] MK AR AR B 285 F DL 4E b Uk R BB S ERE. A
SCEG A ZE RE, XTIRIMLE S Na (&2 K, Ca A Mg A9 10 54 1, BRI LTS Na 25 &0 24 25200
ML BB K EZR K. FM A PBMF 4UXTERIL3E A Na & 2355 T PBM 41, EA1MIME B &
FEAAR R = T PBM 4, X 2e45 R I apRE A B A Na 12 55 LN ERT IR I3 TP A9 Na i, IFF
FTFXFHR LK EL 8 5 PR RS . LI T P B RN W) NN TEHLE 1, I8 43T B 0 R . 4
WA TR U P SRR T R B s B O I, R S R R R 2 A Bl T 98 08 A Y B
OYFRALRE T S R R AR S AR A O P Kk, PBM 4L ARRE A & I RSCR AL . 1R
BERBUR B VA SRR VERER2E , PIRE S HATIRA 2 & R RS SR Y. b, RER B =50 Mg i
Xo R AR PR R A DL, T BLAE A T ) S AR X R A I 9K L 9B 0 R AR BB AR K

XU RIS W0 2 S RIS R, XS AR 8 e BN AN & B R W MR Ca
P. Mg, Na, K, Cu. Zn A1 Mn f& . B4R PBM 4 iEkh Na, K, Mg Al Mn i & AL T FM A
PBMF 20, {HHXFUF ] EAR SEME 2250 5 69 T — ATPase 1 7 32 8 Hb A 45 ORI A B 90 25 - LG 2
IMARREfE TR, AHEE T Na, K fil Mg, XS Mo (95 AU AR 1/6 ~1/7, 1 BARE: KA
H Mn (S AR, B, TR AR K (R R 3R B Mn A2, P RESE 3 B PBM 4LIMLTE 1 Mn
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KA F RN, 1 PBMF 4LEFAR) Mn 5T PBM A FM 41, WTREJE M T PBMF 4154 iR a8 i
(1) MnSO, bt JFUREH % Mn B8 5 B 0P MR SR A . AR R AR S50 B %o JR I 9k 2098 325 1 98 7 285 SR R R4 ™ 4
JLR T E, AR YOTE SRR PTRE SN PBM A% ER Y BE R TH AR (H LA ZERE -4 0 1
HBEE) MIMET Y&, dEm A K 7= A 7 E R R

ZE TR, AIRER B SR A T R LAY AR 5 e B AR ARy, ™ W oe RN A 2 5 5 i L
VXS MR IS ) T R AR % R Ry, MR A KRR, AT 0L, XS e P oc R4l
AN 2 5 M AR FL A X AT e ) R A R ) SR R 2 —
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