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ABSTRACT A 63-day feeding experiment was conducted to evaluate the effects of fish pro-
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tein hydrolysate as feed ingredient in high plant-protein diets on growth performance and non-
specific immunity for Japanese flounder, Paralichthys olivaceus. Fish protein hydrolysates re-
spectively replaced 0 (FM,, negative control, containing 55% soybean meal and 19% fish
meal), 0 (FM,, positive control, containing 45% soybean meal and 25% fish meal), 6%
(FPHy), 11% (FPH,), 16% (FPH,s), 21% (FPH,,),and 26 % (FPH,;)of the total protein.
The results showed that specific growth rate and protein retention of fish fed with FPH,, was
significantly higher than FM, (P<C0. 05), but was not significantly different from FM, (P >
0.05). For protein digestibility, all the hydrolyzed protein diets were significantly higher than
FM, (P<C0.05), but was not significantly different from FM, (P>>0.05). Feeding rates of
FPH,, ,FPH;, FPH,, and FPH,; were significantly higher than FM, (P<C0.05). The relative
activities of acid phosphatase (ACP) in fish fed with FM, was significantly lower than FPHy, (P
<C0.05). SOD relative activities in all the hydrolyzed protein diet were higher than FM, (P<C
0.05), and SOD relative activities in FPH,, was significantly higher than FM, (P<Z0. 05). Total
antioxidative capacity of FPH; ,FPH, and FPH,; were significantly higher than FM, and lower
than FM, (P<C0. 05).
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ééﬁﬁ%zﬁmﬁ \Eéy/?\‘{/iﬁﬂ“iﬁ%’f\%‘lﬂtﬁ ) Table 1 Molecular weight of FPH( %)
ﬁ?u%ﬂ/ﬁ’ﬂiﬁ'}%ﬂ(ﬁg@% Fl IKEEKEE El % 4y T Molecular weight(Da) JK fi# #& 1 Fish protein hydrolysate
B AT I 4T 4 >20 000 o1
e 1 frms. 10 000~20 000 <o0.1
5 000~10 000 1.6
1.2 %Eﬁﬁ*# 1 000~5 000 5.5
R R BT = JaF WOPAT 100~1 000 6.1
N C TR T <100 2.5

BE DB 5 SOE R W 2, 4300

DA [R) 7K A £ 28 R AV I O CF ML, SRy 67 X R, 35 SR 55 %0 - faf 19%0) LOCF ML 1E X I, & &k 4520 . fa
¥ 25%) .6 % (FPH) .11 % (FPH,,) (16 % (FPH ) .21 % (FPH,, ) Fll 26 %6 (FPH,q) o 52 56 f R B Ak 25 #3 k-
80 HFLATIRAIJG » FH 2 26 1 B B AHORS 45 700 o FRARDRHISORL AL N T i B 4% 8 3mm () JORE 4R L L 60 °C SR T 1 R
PRAFAE—20 CH& M,
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Table 2 Formulation and proximate chemical composition of experimental diets (% in dry matter)

il #H Diet
184y Ingredient( %)

FM, FPHs FPHy, FPHi; FPH2 FPHas FM,
111§ Fish meal 19.0 16.0 13.0 10.0 7.0 4.0 25.0
JK fi# £ 7 11 Fish protein hydrolysate 0 2.3 4.5 6.7 9.0 11. 0
. H1 Soybean meal 55.0 55.0 55.0 55.0 55.0 55.0 45.0
= K High-gluten wheat flour 13.6 14.0 14.6 15.1 15.6 16.3 18.0
i Phospholipid 1.5 1.5 1.5 1.5 1.5 1.5 1.5
£ 3 Fish oil 5.4 5.7 5.9 6.2 6.4 6.7 5.0
$iE FIRAY Vitamin premix! 1.0 1.0 1.0 1.0 1.0 1.0 1.0
B ¥ R &Y Mineral premix? 1.0 1.0 1.0 1.0 1.0 1.0 1.0
ZHEA T Cr O 0.5 0.5 0.5 0.5 0.5 0.5 0.5
AL Choline chloride 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Ve 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Wik — & 45 Ca(H2POy)» 1.5 1.5 1.5 1.5 1.5 1.5 1.5
H 4y Proximate composition( %)
7K 43 Moisture 7.45 8.01 7.88 7.63 7.74 7.89 7.35
ML 1 Crude protein 42.06 41.53 41. 00 40. 88 40.63 40. 44 41. 88
AR5 Crude lipid 13.58 13.31 12.79 12.69 12. 69 12. 84 12.35
K4y Ash 9.07 8.25 8.52 8. 37 8.12 7.24 9.14
fiE & Gross energy (kJ/g) 18. 95 18. 81 18. 88 18. 89 18. 88 18. 95 18. 88

D 4RGP (me/ke or g/ke D BRI ER .25 mes B R .45 me; EhAR ML EE. 20 me; 44 K Biz.0. 1 mg; 4L R Ks . 10 mg; LA
800 mg;{Z 2,60 mg; MHFL, 200 mg; AR .20 mg; EH R, 1. 20 me; 4EAER AL32 me; 454K D,5 mg; 44 K E,120 me; KK 18.67 ¢

2) THLEIR AW (mg/kg or g/kg AED FALH .2 mg; BLH,0. 8 mes S ALAT .50 mes BLARH . 10 mes B AR Bk, 80 mgs MR BF , 50 mg; B MR
£.1 200 mg; BER 45,3 000 mg; A4 .100 mg; b £ ¥y, 15.51 g

Notes: 1) Vitamin premix (mg/kg or g/kg diet) : Thiamine, 25 mg; Riboflavin, 45 mg; Pyridoxine, 20 mg; Vitamin Biz, 0. 1 mg; Menadi-
one, 10 mg; Inositol, 800 mg; Pantothenate, 60 mg; Ocopherol acetate, 200 mg; Folic acid, 20 mg; Biotin, 1. 2 mg; Vitamin A, 32 mg; Vitamin
D, 5 mg; Vitamin E, 120 mg; Wheat flour, 18.67 g

2) Mineral premix (mg/kg or g/kg) diet: NaF, 2mg; KI, 0.8 mg; CoCl; « 6H,0, 50 mg; CuSO, » 5H,0O, 10 mg; FeSO, « 7TH, 0O, 80 g;
ZnS0, » TH;0. 50 mg; MnSO, » 4H,0,1200 mg; Ca(H;PO.)5 » Ho O, 3 g3 NaCl. 100 g; Mordenzeos 15.51 g
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AR 120 L) 7K 5 R R U8 B S I K , HEK I 2928 10 L/min, 227, KRN 14£0.5 CL 3 EH
28~30,pH{EN 7.84+0. 1, 5EAm T 7 mg/L, ZA&MT 0.5 mg/L.
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JIG 6 (06) = S0 455 SRR 11 2 4/ S 56 T 4 I £ 1 2 400< 100

FiE AR KR (00 /d) =100 X [In(ZR A E) — In(P) Ik FD 1/ 5256 R AL

AR /D) =100 X ST B & i /[ 5050 RECK (W IR 7R -+ AR kD /2]

FEEB R RMWBE LR =[1— R Cr, O, %0 X 3 dHLE [ %)/ (FEE 1 Cr, Oy Yo X kL AL 2R
F1 %) 1100

TR R R (FCR) = (B — BRI / (AR E — Bl iR A D

A BT (Vo) = R (A T A7 /2R LA & <100

A RYCR L (PER, Y0) = fa fR -3 (k34 /28 115 4% A& X100

A CH ST, 0) = JIF IR % 3 /A 44 5 <X 100

GERFR AN ME EAR DR 2%, R SPSS 11,5 Gt 8 AF AT o M- S 25 IR R O 22 0 i
(One-way ANOVA) 5. A5 R B FH TP H £ H L (Duncan’ s multiple range tests) , i 3 /KFH P<
0.05,

2 #HR

2.1 ARMESFABEESBEREHNX FEERB RN

T 125 40 B 1 DR T AR 20 KA o B P R ARORS S S A K R e DL R 3. IR 4 T K R A B PR R
TR 1100 2 B W 2 A6 KRR B A e A KR B 3 T R S RN A X IR (P<C0. 05) , H 5k & 4%
o R IE G BEZR G 3 M 22 57 (P=>0. 05) s B AR AL R 1 16 Y0 41N 21 26 41 A9 5 s A K R 5 7 06 BE AL RN IE % BR 41 34
TG i V22 5 (P=>0. 05) B AR B (1 6 oAl R R BB 1 26 Yol iy i 2B K R 5 G BEOC 8 & Mk 22 5 (P>
0. 05) o fH & AL T IE XS BAL (P<C0. 05) , HF 8 A= K F6 A Bl 2 7K M 2 1S 0 62 38 0 5 7 i i s SR A1 1 i 34
e ek v B AR K i B 1R 2 B B R E B 3 R RE I (P=>0. 05)

x3 ANBERSIFABREZSEREHN FEERKBGIIMCT-HH LARMEE

Table 3 The effects of fish protein hydrolysate on growth performance of flounder P. olivaceus (Mean=+S. E. )

20 %) Group

H: K Growth
FM, FPHs FPHy, FPHs FPH2, FPHs FM,

¥ Initial body weight(g)  38.87+0.10  38.8740.16 38.76+£0.07 38.82+0.08 38.8940.02 38.77£0.13  38.8040.07

A H Final body weight(g) 53.91+0.62% 54.6542.32* 60.5943.08" 58.36+3.06% 56.6742.92% 55.78+0.69 61.73+3.70°

B & Survival rate( %) 100+0 97.7843.85  93.3346.67 97.78+3.85  95.563. 85 1000 93.33+0
R R RO/ D

0.5140.02° 0.53740. 06° 0.69740.08> 0,64740.09 0.58+0.08% 0.5640.02? 0.7240.09¢
Specific growth rate

T« 7] — 47 8 o BA R IR 7 B 1 08 22 57 3% (P<C0. 05)
Note: values with different superscripts in the same row are significantly different (P<Z0. 05)
2.2 AMUESFABEEAEREN TEHART ANZN

LAk AR 20 7 7K i £ AR f200) o F SR ARDRL R RS2 DL 3R 4 BRI BK M E I H AR S T
Bk B ok B4R L B FPH,, JFPH,, .FPH,, . FPH,s 20 i 35 & T 7 % BE 240 ( P<<0. 05) 5 1F X} B8 20 6
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BEMEZER (P>0.05),

BAREA NIYHMEAVIRREFH ST A6 B4 (P<<0.05), 5 1 %t B 44 #1% (P>>0.05); FPH;, .
FPH,, .FPH,, 41 {95 H YT R 5 76 B2 0 8 3% 1k 22 5 (P<<0. 05) ik T FPH,, 41 J2 IEXF B4 (P<C0. 05), &
F3 0B 3R A Sl Bl 5 7K 2 0 S R i T R AR R SRR AR I i 3

BACEE M 104 21 YA /Y 2 (A T80 b o 2 | TR B 11 26 Y041 (P<<0. 05) , 5 X IR41 T | %
PEE R (P>0.05),

BARMEN 26 WAHMK ZAB B FE S TR A R4 FM, . FPH,, .FPH,, \.FPH,, 41 (P<C0.05), 5 FPH, 4 &
B EPEXE R (P>0.05);FPH, .FPH,; .FPH,, .FPH,; 40} [} & & T IEXT BB 41 (P<C0. 05) , 5 X[ A% A W
FME2EF(P>0.05),

FEAR K AR 25 1 45 A0 2 P 0 A SR 38 3 P T IR AR S X BB 4 (P <C0. 05) , 5 i ARy I 6 BE 4G B
PR 2% (P>>0.05),

2 A 3ZH AR L TE B 3 R 25 S5 (P=>0. 05),

4 RAOFABEEAEREMHI FEEMF HNR L COFHH ZFER
Table 4 The effects of fish protein hydrolysate on feed utilization of flounder P. olivaceus (Mean + S, E.)

Ak ) 2 5] Treatment
Feed utilization FM, FPH; FPH,, FPH; FPH,, FPHs FM,
LA 5% (O
?‘ﬁf%: 0.80+0. 042 0.9540. 042  1.1040. 06" 1.09£0.08% 0.960.05>  1.1440.10°  0.9940. 15
eeding rate
YT R 2R (O
fi””":’?(f) 0.2140.017° 0.2040.03%  0.2640.02¢ 0.2040.012 0.2140.02>  0.17-40.01*  0.26=0. 02¢
rotein retention
IV 0
%Frl)ﬁ*iﬂ“h%) 150. 34 +8. 88be 133.48410. 002> 152.38421. 97>  140.86-10.36% 147.91+19.33b 122.76+6.51*  171.2945.58¢
Tl Bl 2
E*j’{iz%[,. . 1.5540. 092 1.81+0. 14 1,62+0. 222 1.74+0. 13" 1.68+0.22>  2.01+0.10¢ 1.3940. 05
eeda coellicien
FEARBELRCOD
Crude protein digesti- 87,8740, 272 90.9041.08°  90.34740.45%  90.4940.37> 89.50+0.26> 90.4640.73" 90.5040. 19"
bility
JFA (%) HST 1.6240.16 1.6140.13 1.9140. 14 1.9740.47 1.5940. 26 1.80+0.18 1.96+0. 20

W — AT R T B AN R R YRR 25 R 3 (P<C0..05)

Note: values with different superscripts in the same row are significantly different (P<Z0. 05)

2.3 kBEAXIFHMFREHRE GMIEHRE.EELYRLE AR SN ENENEF IR

IR iR B 16T 2 S ALV TR R R N A Ol R I Rk W A L DA L S AU Ak R T T TR ) 1Y s ) A
FOSPTR . BACETE A 26 20 4T B Mk 0 B2 B CACP) 16 7%, W 35 & TR Mok i B 41 (P<<0. 05), 5 FPH;, |
FPH,, \FPH,; \FM, 41 J¢ it 2 ¥ 22 5% (P=>0. 05) ; Gl M 0 2 il CAKP) 1% 14 45 Ak B 20 3 A7 1 3% 22 5 (P=>0. 05)

AR K i 25 1145 20 1 8 ARk ) B AR T TG 0 #  2 v  OR BRAL (P<20. 05) , HRR R R (1 11 o4l | 5 4
& T IE X 4H . FPH,, .FPH, 4 (P<C0. 05), 5 FPH, .FPH ;40 JC i M 22 5 (P>>0. 05) 5 %F T V4 18 B % 1, 4%
REPRAH A BB 2 R (P>>0. 05); FPH, \FPH,, \FPH,; 4 M bt A AL BE )1 58 35 5 TR a8 1 % B 20 FPH,, |
FPH,; 4 (P<<0. 05) {H . K T IEXF B 41 (P<C0. 05) . BT S A B8 1 Bl 5 /K A 2 1 B A 1 A 184 m 52 B 2 184
IERN TEER

2.4 kBEAXEMELFRS R

W 6 fr7s ,63d Ay A K286 45 0 . FPH,, 20 0 fa A K 43 & B g 5 T fa088 6 B 2 (P<<0. 05) . 57
R IEXT R K FME LR (P>0.05); KA MK EASTRRA B EHENELER(P>0.05): HICREA
11% FI1 26 %6 20 1 fa 4R 5 i 25 B 5 28 5 T 6 IR 4H (P<<0. 05) , 5 1E 4 B4 T6 S B Pk 22 5 (P>0. 05) , &% &Lk
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fifp £11 8 1 AL D 5 OGS R 22 5 (P=>0. 05) s K 8 F1 4% 21 1 K 73 5 ikt RZH B0 W 8 22 57 (P=>0..05)
FPH, 412 % i T 1E X i 4l .

x5 ABEEAMTHRMEGKRE. EBBEREEEVYELE. ARBEEFIRSNENENFE AN CEIE S/RE2
Table 5 The effects of fish protein hydrolysate on the ACP,AKP,SOD,LYZ,T-AOC relative

activities in flounder P. olivaceus (Mean + S, E.)

fif 7% 77 Serum enzyme 215 Treatment

relative activity FM, FPH; FPH FPHis FPH2, FPHas FM.

B P W B A (U/100mD

4,7740.61*  5.3630. 68 5.86+0.74% 5.9740. 75% 5.0440. 8 6.4641.09" 5.1440. 07
Acid phosphatase
Tl 1 8 R i (U /100mD)
4,9440. 89 8.6140.74 8.1843.99 6.93+1.28 7.01£1.72 6.84+1.92 6.16+1.10

Alkaline phosphatase

AL B AL B (U /mD

Superoxide dismutase

108.85+5.16* 124, 8144, 39" 138.2448.01¢ 125.45+11.97b 124.0547.92>  122.02+4.76>  122.66+6. 27>

W W (pg/mD Lysozyme 38,9120, 32> 30. 2242, 57¢ 43.73+10.29%45.87+9. 96" 38.80+9.97%> 37.0842.60% 38.16+3.77

AATEARE T (U/mD

4.0441.83* 8.2640. 25" 9.44-+0.32> 8.69+0.80" 5.96+2.09° 4,13+0.06° 13.3241.33¢
Total antioxidative capacity

TE < [ — A7 Kl v A S 8] 50 9 3 7R 22 S i 3% (P<<0. 05)

Note: values with different superscripts in the same row are significantly different (P<Z0. 05)

®6 KBEZTAMWIFHEELFHEBBIMECEEHE bRz

Table 6 The effects of fish protein hydrolysate on proximate body compositions of flounder P. olivaceus (Mean=+S. E.)

ZH %I Treatment

1K 143 Body composition

FM, FPH; FPHy, FPHs FPH;, FPHys FM.,
7K 4y Moisture( %) 75.35+0. 74> 74,5940, 45b 73.90+1.05% 74,7440, 31° 75.85+1.22> 75.404+1.07" 73.91+0.80°
ML H Crude protein( %) 57.8141.08 ©59.33x2.64 59.56+1.87 57.19+0.28 58.6741.41  57.00=£0.76  58.38=0.50
MR Crude lipid( %) 15.7840.53* 17.2940.58% 19.0541. 38 17.54+1. 61 17.4440.77% 18.20£1.05 19.59+0. 64°¢
KAy Ash(%) 13.4040. 98% 12,5440, 90" 12.7740.45% 13. 1640, 447 13.9641.47> 12.60=+1.35® 12.0540. 58"

T« [ — A7 B b B S R 7 B 7R 22 5 f 3 (P<<0. 05)

Note: values with different superscripts in the same row are significantly different (P<Z0. 05)
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3.1 KBEEMIFHERMERRART BT

S S PR N (N e il N R A S N T e =31 I s e S LR SR (0 e o e = B IR EN B S 1§
FEF W 02 R R 25 SR 3 (Newey er al.  1960; Teshima er al. 19933 Bk B4 1999; F 4wy 4
2003) , N I T 3256 ] LA i K 7= s 6 i AR K R R R RCR (B B34 1999) , BA 4 mi /K ™ s i LT
T R, R S KA (Teshima er al. 1993), A BF 58066 JH (9 K i R 1148 F i E 2 A8 100 ~
1 000DazZ ] ({5 66.4%0) .43 FH/NF 1 000Da 1 IRBEFR A TEIK CEARIES  2006) . AR AEE R KV, AT
GrF oK R PO R T 11 D0 AR MR I BT A ROBOR s R AR KR VIR A TTRUR B3 T O AR
6k BEZH (P<C0. 05) , 55 0y & B0 1 1E %) B2 T8 B 35 1k 25 5% (P=>0. 05) , FPH, 41 19 2R 11 i AK0OR 5 1F B
MU IE 0 e 2e 5 (3R 3,38 O o (XS HRZH i 00Ky & 5 1900, TR 5506 . IE XS HRZH iy 00y 5 50 2500, RS
Tk A5 040 T FPH, 41 MRy & 5O 1300 AR A S5 5L faoky F B AR 22 1200, X 5843 7R TR 43 F /K fif
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FE AR A PP . Berge 45 (1996) A0, 3 BE A4 00 25 (4 A 7 4 (3. 3 %60) RIS g 412 1k K G o &)y £ 1) 2
K. Anggawati % (1990) 2 3 , 7 XF iF ) bt o FH 3 0 #07K fife 28 3 2 0 ok gl vl LAk 31 5 38 4 0 A KRR .
6 A (2008) 78 F SEARDRE R AR I T 0.5 %6 1 1. 0 %6 W FAS ] BG A5 B4 B K7 A5 G 4 A0 AR KRR B T
XFRRZH, LV 1. 0V M SERR B B 38 o T A BE4hfa i AR K. 28 T8 58 (2005) 78 Xof i fa Lk ) Ak o 8 1 26 9 5
BAKJG BRI R I RT B2 B L P B R BT AR . E AR (2006) R 3HE T AE TR S I — 2 L ] 4 B 1 B
SR AR Ak v Y 2 1 BT R RV K B 00 S L R DT R AR I B K FA . Espe 55 (1999) i3 15 0 19 /K fff f0 2
PR AR A T LS 3 0 A TG A i e R 2 K O S e X I Y i R TR A UL PR N S R ) ARG
O AR KA Bl 2 T K 0 B 0 T SRS Y B PR RN (IR . BT AR R AR I 2 A 10
~3. 3% 2 00 ARG AR B 11 Y0 BPES K A 25 R 4. 5 0 i AR A e A AR K ROR . S5 A N RBIE ST 45 SRR ]
XA RE 5K R AR U o F 5 A 56 . AT I K il 2R R 2 B R 1Y 43 T i/ T 100~1 000Da (4 64 %6 FAIE
Iy FOKARE . Aksnes % (2006a) A FH R[] 43 5 09 7K it 26 1 7 = A8 4 2 19 et e 2 A £ ) 45 DR A5 42, F 5
NS F 7K A 25 1 76 2 A 4 28 1 Rk o 0 5 0 ) e A K B R AT B A VE . Aksnes 4§ (2006b) 75 T filf
Tl Ak R ) 26 11 0 3 5 R LA 7426 .58 Y0 Hh 3 SR IN o VAR 116 %0 32 %6 1 K fif 2R 1R BRI F 1 000Da
I3 3 B K AR A SR R 2 AR 0 R A 00 S 0 2 Y R RO L DL VR B W A 1
REAI T 10 0 o T il i R s A6 8 R KRB DR B 2 0 N R T 3306 ~3620.2506 ~29 % il 1406 ~
17% ARSI 25 R AR

AR I R A K R B 2 K SR R S O A B g AR S SRR BB R A 110 AR A KR
ey o 1 i Bl 2 AR B T A IR A A 34, X S R A 98 A 45 AR ) . 22 8006 T ek rh K A 10 26 11 B F
GE R IR FE — 2 10 L PN R K fife £ 28 11 AT A i i 24 A K T R R R o (L o X — i Bl 2 A ok 17 T 5
(T #ES% 2004;H  BEZ 2005), Carvalho %5 (2004) BF 5% 26 W , il it 1% 45 11 AT 42 ok 00 10 4 £ A 1 (H B A
T AR K A TR R R RE Cahu %5 (1999) 76 X 5 4l (R BFF 78 v A5 B R FEAG 2546 . X 1§45 (2006) (1)
WFFE 45 SRR W, DAIE FK 7 6 100 1R 7K A 28 1 2 A AR B 1 o8 I 3 8 o R fa ME 0 77 6 % T e A R T LA K
07 3 7 9 =R AR K D) ) BELASAE . Adriana 25 (2003) 1A K . B 38 X R V8 AL 38 A 85 A G PR sz AR P AR A
it e PR 2 A 9 4 o o R R IR O S T 4 40 o R 28 A R i

TR A 7K A B A 7 e B s 7 A U S A R TR S T SR IR e S A Ak W IO 3k S AR AR A 1 £ 2
AR Lo S R R M (B ESE 2001 Takii et al. 1986370 4 2004)., AWFIE FPH,, .
FPH,; \FPH,, .FPH, &R B35 TR X M4 (P<<0.05) H 5 IEX A LB EEZEF(P>0.05), X5
Aksnes %5 (2006a) 15 H £ = A 47 25 110k v S K i 2R R AR 8 X B B R0 B R AN TR

AHIF T 45 S 2 B B AR OK A 2R 11 45 AL FRDRE R B0 T R R AL, R R 1 26 0041 i 3 v okt Al
(P<C0.05),FPH; .FPH,; .FPH,, .FPH.,; 21 ¥ &} 3 i T 1E X B 41 (P<C0. 05, /K fiff 25 11 4% 414 R 2 200 Tt v vl
B 1 T R 0 Fh s I B AR T 4DRER T . 3% 5 Anders 25 (2006) AN ] 43 F 1 19 7K A 26 14 76 AL ) 2 1
o) ek R AR A A5 R B £ AU 43 K i R 1 AL A DR 2R B S o T R X R Y I 9 A SR AR L

ARSI S5 SRR W B AROK i B 145 2 09 B 1 T AL R Y 3 R TR Ol X BRZH (P <C0. 05) . Rose 4
(2002) LA 70 Y6 1y FEAb T AE 23 510 I 30 26 1 6 Ffr AN [] ol 288 a0 T RADARH A A 110 S5 O A MR XL AT L i A L 5 R 26 L
TV RAES LA Z M TR EL S, T (@5 (2004) 7 AR FR i 0. 25 % A1 1. 00 % YR Bk 2 1, %
BT AL SRR . FEAS [R5 P LT Ak S A 22 57 0T RE R R AS [R5 2% A i Al 2 AR RS B RT I Ak
A AL B [A) I 0 (Lee  2002) . ARSEHGZEIR 545 55 (2004) M BFFE 45 2R — 20, R W] T 3K 43 7
JK A% 8 1 TR e HE i 2 B A 1 5T T A R R X B R B A R R

ARSI 25 A BT F A HJC B 3 E 22 57 (P=>0. 05) (3% 4) , Aksnes %5 (2006b) [ F 53 45 5 e W L K 4 T K i
B ARG o T K i B A 38 B R R T AR B a3k S AR S G 25 RN TR HLAAR R Rk — 2 Y.

3.2 kBEAXIFEEMEREBRE. HMESKRE. BEALYENE AR SRENENEFE IR
R ARK Ak B 11 25 2EL 1A ST 0 B A S 0 S 3 v TR Ak B R (P<<0. 05)  HE B 1 116 4
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BV T s A0k IE X R 2H (P<<0. 05), FPH, .FPH,, \FPH, 4 f9 M L A AL A 7 i 25 v T Aok i % IR 200
8 AR T Ry IE X R 2 (P<Z0. 05) 8 48l Ak 0 05 Ak il 2 00 R 76 A K R 3 3l B v 39 I A P 40 ) e R o e A
BB A 5k O ) Z 20 F W 0y 32 LA 28 . CR 47 40 I 4 A2 184 0% ZE MLAR 1) Ak S P AP b ie 5 B 0 &
BRER (BRE K% 2007, BBUEALRE 12 T sh LR 8 ik RS DI RER I 1 25 & M dE bR . R
INAT AR 3R R s R ATL A4 47 S0 1 2R e Al il 02 2R 0 %o A0 S i 0 4G A2 B 0 A LR B Pl ERAR I 0 RS R B 2
0 2004) . XA AR KN AT DA e e AR B S AR BE T 5 55 R OGS e 4 0 40 K R AR G R v AR R
fLe i BEEH . VERE E 55 (2004) K L, 72 GRURE s I 106 14 S K nT S B v pe 36 11 R R A T T R E
AL AL i (SOD) Y IE 17 .

25 LTI A AR AR DR R K i B PR O F SRR IR R AR AR R R T 11 %
LRIAR Y 4. 5 0 i 1 2 PR Ao A R AE KRB B ER EATEE EARE AR P
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