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ABSTRACT

A feeding experiment was carried out to investigate the availability and feasibility
of fish processing by-products as a substitute for frozen round fish in moist pellet diets
for flounder, Paralichthys olivaceus. A control diet was prepared by incorporating 50%
frozen horse mackerel and 50% commercial binder feed. In test diets the frozen horse
mackerel of the control diet was replaced with either tuna scrap, tuna viscera, flatfish
offal, deskinned hagfish, or tuna viscera (20% ) with frozen horse mackerel (30% ). Eighty
flounders, 13.4 9 in mean body weight, were stocked in 12 aquaria (250 £ each) and fed
six experimental diets for the first 28-day experiment. For the second 23-day experiment,
forty flounders, 44.8 9 in mean body weight, were stocked and fed the same experimental
diets. All treatments were duplicated. There were' no significant differences in growth,
feed efficiency and nutrient utilization among fish fed experimental diets containing either
frozen horse mackerel, deskinned hagfigh, flatfish offal or tuna viscera with frozen horse
mackerel. However, the feeding performances of fish fed experimental diets containing
tuna scrap-or ‘tuna viscera were-significantly lower than those of the contrel diet (P<0.05).
There were no significant differences among the treatments on the proximate analysis
values of the whole body. However, the crude lipid content of liver of the fish fed the
experimental diet containing tuna scrap was significantly lower than that of the others.
The results indicate that deskinned hagfish, and flatfish offal could be successfully substituted
for frozen fish portion of moist pellet diets for flounder, but tuna viscera could only be partially
substituted. '
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2. BEfR B

B AME3 ke MRS Table 13 #oh dxj9] HHERE neiste] WHER WRERH
(BAAE, X)) AFKE o 1:1 71502 £33t EEET dUA9 o] vjsEe s
6% Rol2EHY S FEt3Ah

AFRHEC 24 Fpk 1(EBE) S A780), ik 2w X BHEIEY, fkl 3& 7HAvHhd, ikt
4= HFFE AHRE AT 3, Fk 55 H78o] 30% o FAAM 20% & EEHYL(A
+ZANER), Fk 62 FAAWNE A8

Zh BBkl ] —aksr& 7hE A v sl st kS 2 A 317) Eke] ALkt MRS
H&S Y RESAL, HERR @RS At BEA BAY e (g3uteld, Grobic fish) &
124 HArtetdoh

wol~EH Y o] fliE AHEHES Ao B AEMITEIEYNS INE X3 BREste B
Kkl Badte, Rol~EH Y REHkT 27 4~7 mo plateE T3t BHAFSIY oM, k=
10 Yrio} st AsREE(—20T) 9 RESEAN FF3Hh

Table 1. Composition (% ) of the experimental diets for the test of availabilities of fish processing
by-products in the moist pellet for the flounder, Paralichthys olivaceus

Ingredient Diets
1 2 3 4 5 6

Commercial binder feed? 49 44 49 53 49 53
Horse mackerel 50 30
Tuna scrap? 45
Tuna viscera 20 43
Flatfish offal® 50
Deskinned hagfish 46
Vitamin premix4 1 1 1 1 1 1
Sodium alginate 1
Pollack liver oil 3 3
Water 6
Total 100 100 100 100 100 100

1 Flounder feed produced by Gumseung Feed Co.

2) Waste from boiled tuna in tuna cannary.

3) Flatfish fillet by-product.

4) Grobic Fish produced by Bayer Vetchem (Korea), Ltd.
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3. AEER

BB By KEERE EEKEERERESINA 19909 59 AT BHAEES 9 #ES
FE 69 22Y BIOKERRRE A5 MEE2 $4 BHAET F 19903 849 7YHE 94
26 A7+A) 51 AR B ERS AA A HEBAE Lol2EAd BiFAZ F A%stn 2717t
IE FHEEE 134 g9 AEEE ERSIY H 1 (Y 74~9¥ 3= 80w, FIIH (9¥
49~99 26Q)oE 40t Y Este 2 KIESE SF A

FEAEE 250 £ RES B9 ¥ FRPAEGKE 150 £) & AH8-3td, o7ld 5% 4 £9] kS
WA 73, KAl o] 2R=lo] ZE FFSIY HNAZ/ MARE 3oy, fRdad £ 14
13 AAE gk ke Y AEEL 6% WS F2u3td 19 23104, 174D FE£3 H&
H7tA] FEePes, 4o £ W FAE SRERESSE FHEIE

SELR = AR HES WY 1049 A3, DOE DO meter (YSI Model 57) 2 4|
=459 T8 JRZREY FES Zol7] 93t FAEKE 9 Bxd A2 A8

4. RBUIE 2 BoHHh

ABEER 717 & 23vvh ERHAS 100 ppm MS-222 (3-Aminobenzoic acid ethyl ester) ol
o} A A KEER e A TAE mEstch 3, BERBAKERT 20 vk, K TR 24 BREE
¥ 20vlel S MmAFEE mlistd FER JIE 2 —Bis HH REE A, BiERETE 25
% FigEeE 30 go |dA 10 vk E olnxAt SHTH HEE AMSIATH

HREK 2 o) WHobk K5 BE MBsEE BERES Kjeldahl ERERHEN
X6.25), HIEE S etherS HEZ 3 Soxhlet HiHE:, HIKS L HRAKILKESE ZtZt E4sAL
o (AQAC 1984), o}¥]:=AFe Spackman et al.(1958)2) ol we} ojmx=2t HENSGHTHE(Hita
chi-835 Amino acid analyzer)E ¥A3}¢th

£3%12] metabolizable energy (ME) = HMEBHE, HIEHE, KK 27 45, 80, 28 keal/g
£ JIFoz AAtstd

5. BEERY HE 9 HEtEH
WER, FEEE 2 EEEYE 52 2 £0199D) 9] Wd oty AL on, BRERE
—7E53A(One-way ANOVA) 2 PESlT, Duncan’'s multiple range test2 ZFRe] AEEES
BESA

&/ R

o1 BlEY 2 ERERS BRES

D fEMTEIEDS EERS

Y molzEH) Afik REBECR FHT RENTIEYS HRERHRY —BlsrE
Table 29} 2o} MBEAE-S HRE H7ol7} 182% Qul vl &) ZXEHEIEY ] 27.3% 24 oK}
=okw, AN, 7HARE, Hgelde 247 187%, 152%, 14.1% 24 H7jelgt vlssAY
thAa okt MASE-S HWHRES A78el7F 101% 2 MY E3 HAoIdte] 9.1% 2A] o]¢} v,
A EREEY, TNHR, A hES 47 56%, 35%, 49% 24 ABelHct dgith X
HIK5y-o 7t g ol 56% 2 7H¢ ¥%3, 1 99 BIEHS 15~25% 24 H780]9 3.0% K}
oha @AV vlssth
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Table 2. Proximate composition( %) of commercial binder feed for flounder, horse mackerel and
fish processing by-products

. Crude Crude Crude
Moisture . ..
__protein lipid ash
Commercial binder feed 4.7 515 5.6 15.7
Horse mackerel 69.6 18.2 10.1 31
Tuna scrap 63.9 27.3 5.6 25
Tuna viscera 76.4 18.7 35 2.1
Flatfish offal 74.9 15.2 49 5.6
Deskinned hagfish 75.6 14.1 9.1 15

ERARQ 39X 2A8, A2, BlEY L KRR obn) =it &8-S Table 37 ). tj&-9
WA =4t S8 ZF Bt ApolE A 4= ¢gIUARY, histidine, lysine E valine &&=
a7t Ut &, HEHE 100 g B histidine ¥ Y] £&#E7} 2.13 g2l o 83 A7o], I3
F#ElEY 2 7txvhEol 247 350 g, 523 g 2 683 902 o] BT} ¥, HFol4e 143
9o 2 i B3R lysine> WYX Sl M7Bo|7t 27} 819 g F 844 g3l ©] v|3) FAXEH
BlEYT AXNNBS 22 724 g, 646 g0 2 o] B} 9t B9t} L3 valined |A &His}
A780|7} 527 9 R 647 9<1 © H3] Yoo 585 9o 2 o]o} nd W, AXEAMEIEY,
FRAW 2 AN RES 42 186 9, 191 9, 235 9o 2 333 Rk 2 BKERe) 7t
R =4t e R gA] 2R Hs 9538 ®3tou lysine® tryptophan] 101X =
o] Bt} ozt wsich.

Table 3. Amino acid composition of flounder, horse mackerel, fish processing by-products and
commercial binder feed for flounder (/1009 protein)
Whole body Horse Tuna Tuna Flatfish Deskinned Binder

of flounder!) mackerel  scrap viscera offal hagfish feed
Arginine 5.38 5.59 4.64 5.39 5.97 5.23 6.19
Histidine 213 3.50 5.23 2.72 6.83 143 231
Isoleucine 3.95 4.39 3.87 3.52 4.98 407 4.65
Leucine 7.24 7.56 6.81 6.46 8.72 7.18 8.50
Lysine 8.19 8.44 724 6.46 9.25 7.60 8.01
Methionine ~ 3.25 278 2.74 213 3.01 3.02 3.04
Cystine 121 111 114 1.60 110 1.17 229
Phenylalanine 3.67 383 347 347 445 371 4.52
Tyrosine 3.65 383 343 3.85 4.38 3.57 4.45
Threonine 4.10 4.27 3.69 3.78 4.78 4.32 4.61
Tryptophan 113 115 1.14 1.20 1.20 1.22 1.05
Valine 527 647 1.86 191 235 5.85 6.07
Alanine 5.61 6.36 544 4.59 6.96 5.53 6.17
Aspartic acid 6.76 6.91 5.82 5.55 478 5.82 745
Glutamic acid 14.92 14.65 11.82 10.95 15.31 14.07 18.80
Glycine 5.56 5.54 453 438 5.84 5.64 6.46
Proline 1.91 240 149 1.70 1.96 2.09 249
Serine 401 3.72 3.06 3.68 3.24 3.61 4.90
TAA? 87.94 92.50 77.42 73.34 95.11 85.13 101.96

1) Mean body weight : 30 g.
2) Total amino acids.
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&3, 7} opn|i=ate] AFHEGKECIT =AD& FAEBREIEY D XAl 22 7742 9 R 7334
go 2 T BlEY L WEHR 8513~101.96 gRt} & e Yehlidch ‘

2) EBRERS B8NS '

FEESRC A3 BERAE 6 29 —HRKS S Table 49} 2o HERHS ZE AR
e 55% W92 v&sgda, MFES /HAvIRE kU 86% 2 thE EREES 106
~126% B} vtk w8, AUA/EEE(ME//P ratio)® 7hAluldg k7L 676024 fh
HERle) 69.7~726K T} tha we Holth v, HKSS JHARHE fE7E 174% 2
HERE S 12.7~146% BT E3t

Table 4. Nutrient composition of the experimental diets for the test of availabilities of fish processing
by-products in moist pellet for the flounder, Paralichthys olivaceus

Diets

Component 1 2 3 4 5 6

Moisture( % ) 37.1 36.9 39.7 37.3 383 355
Crude protein(% DM) 54.7 55.4 54.5 53.9 55.8 54.8
Crude lipid(% DM) 12.5 12.6 8.6 11.3 10.6 11.6
Carbohydrate(% DM)V 18.2 19.3 19.5 204 19.0 19.3
Crude ash(% DM) 146 12.7 174 144 146 14.3
ME (kcal/kg)? 3971 4041 3687 3991 3891 3934
ME/P ratio” 72.6 72.9 67.6 724 69.7 718

D Calculated. _

2) Metabolizable energy was calculated based on the caloric densities of 4.5 kcal/g protein,
8.0 kcal/g lipid and 2.8 kcal/g carbohydrate.

3) Metabolizable energy (kcla/kg diet)/% dietary protein.

2, 2 FEERS olm 2t HHTERH(Table 3)EXH BHAKY olnxit IS AN
Z o]E o]g3te] Ao =Ate] e KA =AY H(A/E ratio) R A=At fR
B(EAAD E A8 ZA7E Table 59 JehAU A =4t HE B9, BRFAH S lysine
146~149¢] WY = x| Lfmeac] 1670] ¥ls] 25 @9, tryptophanE 19~219] HHZ dX]
Lfagmol 930 Hl& Fe fHAS Ve AT E3 valined FXIEABIEY Fk 88, 7HARHE
FIE 03, AXAM SR 9724 YA 2fagEe 1072 Btk v, M0 =) f5HE 95.
5~97.39] W E Z+ EERFK T 2olE E F ATk

2. BIETE R
B EE B B9 SEKY KBS 185~265C, HELS 1.023~1.026, DO- 3.8—55 mg/£4]
N AT FEHR 3 dX9 EEukiEs feERe 33t

D Bk R EFR

FAEER T UNY AR TRER 2 AMKEERS Table 69, AT HED FHiBE
W3l E Fig 191 Yehiolh

RS HIMANA 975~100%, 1A A 98.7~100% HEEZA FABED 1~2vtel7} %
S AL Adslue FEE A3 FReld ¥t AT

TR E R o)A e HRES AQoE, HFA4E 2 Ao+ FARBES 247
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—o— Diet 1 —a— Diet 2 —— Diet 3 1

—o— Diet 4 —a— Diet 5 —&— Diet 6

Mean body weight (g)

3 { {
0 14 28 42 51

Rearing days

ig. 1. Growth of the flounder, Paralichythys olivaceus, fed experimental diets for the test of
availabilities of fish processing by-products.

347 g, 330 g = 329 9o ANEZre] HEMA Aol glo] e W, FXINMEES ZRER
HEES 27 286 g D 276 9o o] ERERT Wtth 8, gllide A s
AR ol + A HNHES] WEEO| 22 417 g, 427 9o & v wF BIFSIA L, TR, A7 &
W JlAulhBEE 22 387 g, 385 g 2 385 g0 thh ugton FAEAMEIEYES 305 9
o2 A vorh EE 2N FimERS Ao+ AXNNKE, JFLE U HolEI}
242t 156 g, 747 9 L 732 902 HEMQL Zto] glo] ¥EF ARE HAL, o5 7HAThEEY
689 9, TAMWE/} 67.3 9, ANBHEEYEF 58.1 902 tha At ixvehFRe] 5
WERS Ao+ FANKE L HAoAHE e AEAY Zol 7t AAA W, HEEQ] A7 olE o=
BHEEF dA

ARERER JoME FRERES 158 FE22 HldE A8 lE, Ao+ AARE,
WA o) AHE 2 FhAbu B} 2h2) 3.98%, 3.97%, 3.92% 2 3.79% 2 HEMA ER glo] ¥,
ANEHEEYES AAAWELE 5 363% =2 ERERD B 09, Fllfde 273
FRANRE, HAPolAE, FINARE 2 ACFEESL AZA 274%, 270%, 271% R
263% 2 =93, AAoE L AXNEBEEYEE 22t 248% 2 2.36% = Wokch EF, 2k
AREIRERS A7o] + X HNHE, BAoHE, AgolE L A uhEE} 242 289%, 2.87%,
286% = 2.82% = A z7tel AEM Hol flo] ki, FANME(2.77%) % FAFHEE
WIE(268% ) o] BEREREC 2ot

W A Ho = Hol ARIKERS HIH7l 363~398% WA= HIHS 236~2.74% Ht}
=o Ago|gon, 53] e HREEY AQoErt RE BEHE ¥y FEHSR
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Table 5. A/E ratio” of the whole flounder and the experimental diets for the test of availabilities
- of fish processing by-products in moist pellet

Whole body Diets

of flounder 1 2 3 4 5 6
Arginine 109 110 108 110 111 111 114
Histidine 43 48 64 60 39 47 45
Isoleucine 80 83 84 84 84 83 83
Leucine 147 150 152 153 151 151 153
Lysine 167 148 149 148 146 147 146
Methionine] 91 90 93 90 e 91 M
Cystine
Phenylalanine — 149 157 158 160 160 160 163
Tyrosine ]
Threonine 83 82 82 83 84 83 84
Tryptophan 23 19 21 19 20 20 21
Valine 107 112 88 93 111 106 97
TAA2) 99 92 100 99 97 95
EAAI® 96.7 95.9 95.5 96.4 97.3 96.8

1) (Each essential amino acid/total essential amino acid including cystine and tyrosine) X 1000.
2) Total amino acids (g/100 g protein).

3) Essential amino acid index =

where a, b *++ j = A/E ratio of experimental diets and ae, be *--

of whole body of flounder.
6

1002 5 100b ... % 100]

ae be

e

je

= A/E ratio

Daily growth rate(s)

Moottt W2 s

Fig. 2. Comparisons of daily growth rate of the flounder fed experimental diets for the test of
availabilities of fish processing by-products. Different characters on the top of the bars
represent significant differences (P<0.05).
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Table 6. Comparisons of survival rate, weight gain and daily growth rate of the flounder,
Paralichthys olivaceus, fed 6 different diets for the test of availabilities of fish processing
by-products in moist pellet®

Diets
1 2 3 4 5 6

Period 1(28 days)

Initial mean weight(g) 135 133 135 134 134 13.7

Final mean weight(g) 482 409 439 464 46.3 42.3

Survival rate(%) 98.7 98.7 100 97.5 100 98.7

Mean weight gain(g) 34.72 27.6¢ 304bc  3302b 3292  286¢

Daily growth rate(%)? 3.982 3.63b 3.79s> 3922 3973 3.63b
Period I1(23 days)

Initial mean weight(g) 48.2 40.9 439 464 46.3 42.3

Final mean weight(g) 86.7 714 824 88.1 89.0 81.0

Survival rate(%) 100 100 98.7 100 100 98.7

Mean weight gain(g) 38.5b 30.5¢ 38.5b 41.7ab 4272 38.7b

Daily growth rate(%) 2.48bc 2.36¢ 2.632b 2.702 2.74?2 2.71a
Whole period(51 days)

Initial mean weight(g) 135 133 135 134 134 13.7

Final mean weight(g) 86.7 714 824 88.1 89.0 81.0

Survival rate(%) 98.7 98.7 975 97.5 99.3 975

Mean weight gain(g) 73.2ab 58.1d 68.9bc  74.7a 75.62 67.3¢

Daily growth rate(%) 2.862 2.68¢ 2.82ab 2.872 2.892 2.770

1 Values are means of duplication, and values in the same row with the same superscript are
not significantly different (P>0.05).

2 Total fish weight gain X 100/[(initial total fish weight +final total fish weight + weight of dead
fish)/2] X days reared.

2) RN 2 SRR

REER = 15 ARSRERE, MRy 28R EAE 2 ANuA $HFE Table 7%
2t} ARESRHERER S ERPEHNE B, Alide FANEES A78 o+ AXNMIE7T 2.89%
D 274% 2 WERE S 243~2.62% Bt FEMNLE 31, HIHd = FXIREE o] 2.27% 24
hERES 1.96~2.06% X}t otk 3, 21k AMSAERES FXHRE(229%)E A
93 Z+ BRE I} 2.05~2.13% 24 AEA £R flol vlsidtt. €9, £ ARSHERE S
243~289% W2 HIHAS 1.96~227%Hr} 22 fEHIUT.

GRS S = HWRES d7oEr 1578% 2 7 B39 WY, BlEYES 1254%
~150.8% HYE A7YolEd v BF HEALE ¥t I, e Ao+ AAARIE,
HAol g 2 R uhEES 247 1324%, 1289% 2 1281% 2 A7PolEe] 126.6% Bt thi
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EHA, M 23 HEMY ZRE YU T3, 2k 9] FkEERS Aol + AAHNME, 7121
hiEE 2 HojaEsl 242 1387%, 1364% 2 1349% A HBEQA A7JolE ] 1388% %
H)&ala, A EREEYES FXNAEEE 22 1309% 2 1206% 2 HRER O Yot 28u
HAAH o 2E HIHAS FPRBER) 1254~157.8% WS FIH9) 1195~1324% B} & 3
o]ich.

8, FEEE 2 YR RS FARWE(.2], 309%) 2 FXAEEWE(2.36, 33.0%) 7}
{1 BRI (2.48~2.54, 350~374%)Ett BEMOZ Frh

Table 7. Comparison of daily feeding rate (%) and feed efficiency (%) of the flounder fed ex-
perimental diets for the test of availabilities of fish processing by-products

Diets
1 2 3 4 5 6

Period 1(28 days)

Daily feeding ratel) 2.53cd 2.43d 2.55¢d 2.62bc 2.74b 2.892

Feed efficiency 157.82 148.8b 148.5b 149.8b 150.8b 125.4¢
Period II1(23 days)

Daily feeding rate 1.96b 1.96b 2.05ab 2.09ab 2.062b 2272

Feed efficiency 126.6ab 120.1b 128.1ab  1289ab  1324a 119.5b
Whole period(51 days)

Daily feeding rate 2.06b 2.05b 2.06b 2.13b 2.09b 2.29a

Feed efficiency 138.82 130.9> 136.4ab 134.9ab 138,72 120.6¢

PER2 2.54a 2.36b 2.502 2.502 2482 2.21¢

Energy efficiency(% )3 35.1a 33.0b 37.4a 35.02 35.82 30.9¢

D Total dry feed intake X 100/[(initial total fish weight + final toal fish weight + weight of dead
fish) /2] X days reared.

2) Protein efficiency ratio = weight gain/protein intake.

3) (Weight gain/metabolizable - energy intake) X 100.

3) By

z} EEEFIRIZE ARGl FIXv FFS FAESH] %t HEER KT BERA SR
2 ol 3 oo AAIR FES Table 89 2t}

ol —BES ROl KL 744~752%, HEREL 18.1~188%, MIFHEE 29~3.7%,
IR 52 30~33% HHZA BRIE Mo AEMAA £ glo] vi=d fEmol At el 3¢ ke
AAEHEIEYE} 685% = WERES 623~641%2 80} =91, HEAEL 101~107%22 B
B o AR EZR7 Y. 22 MEES AXNEHEEDEI}L 139% 2 hERE )
19.8~228% Kt} @3itt S, FrEH = JFoAES /AAvhEEZ 172 2 162 MERES)
142~149 B} HEHSE =3k
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Table 8. Proximate composition (%) of whole body and liver of the flounder, Paralichthys olivaceus,
fed experimental diets for the test of availabilities of fish processing by-products

Diets
1 2 3 4 5 6

Whole body

Moisture 75.1a 74.92 74.52 7442 75.22 7442

Crude protein 18.3a 18.82 18.12 18.72 18.32 18.22

Crude lipid 3.2a 3.62 3.02 3.72 2.92 3.1a

Crude ash 3.2a 3.0a 3.22 3.3 3.2a 3.32
Liver

Hepatosomatic index? 1.42b 1.42b 1.62a 1.722 1.492b 1.45b

Moisture 64.1b 68.52 63.6b 62.4b 63.8b 62.3b

Crude protein 104a 10.7a 10.4a 10.12 104a 1042

Crude lipid 20.3bc 13.9d 19.8¢ 22.1ab 20.2bc 22.8a

Crude ash 1.1a 112 102 1.12 1.1a 112

D (Liver weight/body weight) X 100.

2

BEY BRI £H#EE Ystde o8 7HA gEREVT LES, 2 F EARC & BFS
A3} HEES YolE F3le] I, #ACA ofvite g hksifid T FEol, #
S BRE AV dYAfFEe 2 o]4Fth(National Research Council 1983 ; 3REF 1970). th+E 9
WEHET AAK) 248l EEE 27 30) 40~60% 2 TS Bt ol fikle] Rkt
FeE g vlsl EEEES 71Fo] uinr] ol ZEE BEE E&402 o83t o] K
BEE 335 ASZolgt € + v oA, EAEC T3 Bikel AHT BAR SRS
N3ty 98t BlEY ol 4o sl 2L d77 AEEHL 9oy, BlEYS ko= #8317
Aatd= xtGEkLe] BEks R 3, FEERS 5T AesRe HES Hedich

AN EFRHEC R AL83 Moot BlEHL HATA 2AS BEW, Higolals]
histidine ¥33 IXBRREY 2 FAPRRES] lysine FFe] A £REBEGY g2 WhoH,
AANERREEY, ZAAE 2L 7HAR FE Q) valine $3-& g X R vid] 433 wokh whekA,
BRFARE E3eA ¥ Ak BEHEFESRE AT valine $Fol A 53 A
ERFEIEY, TANE 2 7HAFES Aoy Bgojse] va] Al Hojd o R o Fdrt

FREREY 2RES 8o s Hriste dv SHEAEY SAEN=} A4S EHER
HEY pAEH = 28 vmete] MWAH =AY BEBEA EAISE BHo) 9 2 (Oser
1959). o) W E¥EHHZ v ERAY LA =A BEXEe] WA le Ao ol& o
A, 1WA &g v £UIESE (Wilson et al. 1977) o} EEef A EH'E (Arai 1981 5
Ogata et al. 1983)& ##eo 2 Jvh T3} Oserti(Oser 1959) 9 913 wZgEoIR =4t FFo 2 iE
2 7E SACH 4t FEE Hokes MU =4 HE(A/E ratio) ZR-E] 73 A=A KR
AEMRES o 23 HERGRS RJdn B1uEo] Jr}(Takeshi et al. 1984). ol A= 2
Aoln =t e FREAEY ot 78S A BREX Hotslr] 93 BERA] o
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S5, BWEM A AHEE IR T5 8H olvxits 3= ol& "

AER SlolA ERfkle ERE ¥ ZPEESIZ HKRMRIE QA viFol &7
o) 2ol FRIERES YA =AY patternT™ BAREKE] A F-5-=of, AFHRTEQD A7 g8l
EWe =4t patternTe Thh AP0l & Ho|a Stk &, 7 BERAHS LA =ARE
EEFEOH 93 2/} vushd lysine# tryptophane £ fk7E 5% ¥x 2fEng
wgto ) valined] 79l FAEBHEEY Kl 710 PE G 2 ZIAAE @RdA s g4
2RAEETG Yol o]F olmite] FZ EHY Qe AL ¢ £ Utk 2, ¥ KA =4t
EEgo %, o]F oty BRZE AEE TFHZ U F= LA N Bl 4 &
Bkt Tholl A 9] AFol7t §lo] 95.5~97.3 M9l o] ¥2 g Vbl Ut} o] ¢} Zo] 7 EEefKL 9
A At 58O AFol7t e A& AFRIET BERERS BA =Ato] HE B4d A3}
AZrele, aeba] BRIkl LAY = g MEMMY 538 S vAA= g4
R g g

o, AmEHED BRfre] HEAE 100 ¢ B 8650 e &4 otulxate] AFHEGEIH]
=D E Bd, FIANEAEEDT AR 774 9 2 733 go 2 GE FBlEHoIY Bk &kl
H3 ZA BRI, o) S Nt fklal AN 929 B 95 g2 2A ffAEt 100 gl Ik
ABE 47 AolE Holn ok drioiA Fke HEAE T SF=H de Morxit
ol9lo] RELS HERHEAN BEL HAUoY A BERET o83 # gl FEon, ¥
EOREER (LA dXd et XERAAS 4 BRI HERE 288 94X FAE
EXRE 55% (LB 1988)0] REE FUA =AY #EC FXEHBEY FE A
PR giktol oA, olmiedt o]9le] EHR(LEol Bel aF = Ae /AR, HAZ o83
F AE Moluleatel £o 92 K v ddAoz I A & £ vk wEA FA
HEPFEYES FNPRE) KR, SR, BAEAE 9 oA K] ikt »ls) e
AL o|E fiklel Moluliat Fhako] wgtd wid] UR o] = o= HEY 4+ Uk

FAEBFEY S T2 HEFTAY BRG F AiEER Arle BlEDEA, 458 100T
oA 247t A& E#dle HF A BEEES Btoll Kt REEY B o2 folr|=ite]
ZAEa FEORERE S/MEe Aos AR Enh 183 Yone et al.(1986) 2 150 HEMLS
fsgsle AN 2 BlEY(scrap) & EREECE 3 fikls afmoz A2 fiktdl
1] 3 POV (peroxide value) 7} 2 12 i, TBA{E (thiobarbituric acid value) 7} oF 3 ¥} 3431, fR oW
kR E 23] Azgon Bag v o ol9) vl Z KERA AHE FABRE]
EWs BRGFRNA JFEY BUES 24 7138S Aoz #Higed, o] ooz viegdle] g
BEE7 BolA ol ERE ] FEMES M3 e A #ARS Zoz Azt 28y
AERIAAME FRORERY BEE S ZANA gRouz o s F% F4 MES
M7t Anpetor & Aoz AAE

ok 2(1984) 2 7o), 150}, FojTlgt B2 KREWKS] M S ol =t GEo] 53
=1, FEARERE Bo) &FH0 A RuYch AEERIAE XIS HEHEotn] =
FFS Az BASAE FUATY, FXNAWIE 2 FapEiast AR e Fo ¥
gtoln) :=Ato] &= o] 2dS Ro g FZHrh Nose et al.(1974) 7} Plakas and Katayama(1981)+=
HRROH AT BEEFC2 I FKE B JolE caseind H& Jojol HF Fikte ottt
zAo] e HE EHMOE BEIA 4ty Eustgon, $ojd X E ol =&
48 48T fish silageS KIS i Holv=ito] FL silagelt AMFIRE HY F¢EG
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BRE, kR 2 BEEERERC) "ojdgal Buxo] itk (Hardy et al. 1983 1984 5 Stone et
al. 1989). Qutz o 2 ofumiite] BWEME Ak E&ACE o/§HY e FTE BE
obu]izAto] EAlo] BEMKY] T=2aol dvtn <alA o™ (Geiger 1947), Stone et al.(1989) %
ol2 <143t WHoln] At 2F0) L silageS WS $ol9 MEMKKC) BoAE RS W
ofu| e Ate) WIGEEETY K4 (intact) ofveAtrch W) 2716 RikE obvl=ate] EEHE Al
ol&57] Aol Bl o 2 9le) Ytkm syt webA, RERAA AXNARE S FEREC]
Ui 3e Ao AXPRRY] #EHolv At ko] Fol MKIEAEC E&3oz o)8HA W2
Hole 2 o] AYA Ly A2, ol x= Holg], B 59 HKEuMde HEoly
pIfiol %8 9) thiaminase’t &7 o] 31o], ¥IElR Bz (thiamine) & 3= ol fHE
Yl Bmo 2 R RENS W REET 59 ek RZERe) Yebdtia 39(aE - 7H
1984, 1985). Ishihara et al.(1973)2] XAl 23td IAX A= ok HKEpfol vstd ofF
Ao Folv]e 3|5t thiaminase7} B F ] Yok FEZ, FFod IR fEt KU KGHEE
thiaminase?] 98k X E AET "RV} Ut A

9, FX) A =& WEoln =t dHekol tatode MEFA Aol FRAL dx A4
2 9t} &, flEE YA o2 ZHE ol kAt 23 HANE KMES YEE Aoz 4eA
Q= (F2Z= 1981), AHFEANAE AXNAKES HUEMAEHERRK] e ERE vl FEN2E
Eo} oA AL FAubds Foh Eg, AW(30% )] FAPMK(20%)S EXT BHESF A
SRHEERC) B A &3 HBEKEC) AY 3 Ax IXNNEL BAFE 2R Bde] s
Aoz AzHE) na(1981) 2 Ina et al.(1981) = JFE o] HPHEEE ol &0 B3 AFoA A
2 9 WO\ BOELl o MPMESEES AV SEEE AfEEd HERE
o RED SRS Yt n Busk, 1 998 AEMEY TR Soldle
ofrlicite] FEAS HIERSIY MBiFHS ¥RV WELE AL Ut oY AHEL go=
KEHRo) 7140l A1 EEE T3 ot gk fdd o g rEfrto] wol o] &o] oa AW Mtk
EREFS 28 Hinstd g8 g3 S6E Jidsie o 2& Zurt 8@ o2 Az

AR HERRANAM FHlds HEBESQ A B BliEY HINFIRIE vis) FE
ZUAT, e 2318 BlEY HmE/ £ 43S JeRde d, oA Lol #Ho]
gkt BiEEo] Y EREUE AP )Zel Astel whel xE BlEWEEY H-EHUY] dE
olgtx Ayzte}

ool A BY AEMTEEY 5 JF04e BiiaRe] ti &7 wHEo IR MR
% FREE A 3o LHEAEIttd, A RolAaEdY S AfPRFECEA EFI Y]
PAL, FpAnjhEL SH RRog Q3ld KHaEe) Ui Fou, kR ofds ¥
A7 ik & ¢ otk =%, IXABE VAT AMSske A B J)1E AFkRe HAE
et Agsohd SR B L BAPR SR A 238 o £ MK 2o
Breth 212 a0l EEYS FVIRAH AHEshe A Rue A8 RS 33 R BEs
ALSSTHE SRRSO MEENA o U B S Aoz ujErk Jey 3X BREIENS
B2 BOE 4BAE B AEREC] o7 Ao SEECRA AFe g o3l
Yatd e A NS A AAT T Hk v BERS @ 23 77 ga it gad.
ko 2 Apgedl AH43 REMTEIEY s ARl B, ol &85 A B3t U= #ifhe
FlEpel dANE o B d77) +d=olof ¥ Holch
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U Ro|~EHHE AHK REBFCZA ENTEEYS 3 5By 9sta) Ao
ERE), FABRGEY, TXINE, 7P g, B30 2 d47801(30%) + A A(20%) S
BAREHIS 111 B &2 EFT Hoj2EH 6FS AXF T, FHEE 134 99 IS EX
KFEAA 51 Q(BE T 128 &, I 23 Q)3 FHE3IS Bk, FEEEER, AN 2 BESA

REER SR THEERES Ao+ AXNAKE, HgdE 2 7IxnHEE7} 42 756 g,
747 g % 689 g0 2 H7olEY 732 9 FEMY ER7V fidleH, IAMKE L Fx)E#®
REEE MRERET 23t ARRREE THREEY 28 F¢os FNAWE 2 23X
AREEYEE AT 2 BHE Role AEA o7t Atk

PSR S Aol +AANKWIE, 7 FEFE 2 HFo|Et 7h7) 138.7%, 1364% 2 134.
9% 2 Z7YolEe] 1388% 9 FEAY £ERI o, AANNEE L FXNEBFIEYEE HR
BEG 33t EREH duA] SKE AR 2L HRes AAMEE 2 IXNEREE
YES AT 4 BRE M FERY Aol7t gtk

R R FREERA oA AFETHIQ FlRde ABolEr) BEHER Y g Eged, #
Bl 233 FUde BIEDEZ AZoEs B3t AY g4 ¥ HEe Jehldd

MEER T ERA 20 8BRS 2 BRE Mo A8/ £R7) 1o, Tel Mgk
FFe FINEHEEDETT 139% 24 ERE(19.8~22.8%) K} w9ttt

o] e HRERH oA, 7AhE 2 AR+ FANWS 9X To|2EDYE Afk
Foz &S 25, Bk fkSE € S8 FIAR 7409 3 S 4¢ = A7)
e, fkHES SEe HF LA ol&HoM FHA
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