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As a part of investigation to use the Anatrctic krill, Euphausia superba, more effectively as a food
source, processing conditions, utilizations and storage stability of krill paste (intermediate product of
krill) were examined and also chemical compositions of krill paste were analyzed.

Frozen raw krill was chopped, agitated with 259 of water to the minced krill and then centrifuged
to separate the liquid fraction from the residue. This liquid fraction was heated at 98°C for 20 min.
to coagulate the proteins of krill, and it was filtered to separate the protein fraction. Krill paste was
prepared with grinding the protein fraction, adding 0.2% of polyphosphate and 0.3% of sodium ery-
thorbate to the krill paste for enhancing of functional properties and quality stability. The krill paste
was packed in a carton box, and then stored at —30°C.

Chemical compositions of krill paste were as follows: moisture 78%, crude protein 12.9%, crude lipid
5.9%, and the contents of hazardous elements of krill paste as Hg 0.001 ppm, Cd 1.15 ppm, Zn 9.1
ppm, Pb 0.63 ppm and Cu 11. 38 ppm were safe for food. The amino acid compositions of krill paste
showed relatively high amount of taurine, glutamic acid, aspartic acid, leucine, lysine and arginine,
which occupied 55% of total amino acid and also taurine, lysine, glycine, arginine and proline were
occupied 65% of total free amino acid. Fatty acid compositions of krill paste consist of 32.4% of sat-
urated fatty acid, 29.6% of monoenoic acid and 38.0% of polyenoic acid, and major fatty acids of
product were eicosapentaenoic acid (17.8%), oleic acid (16.9%), palmitic acid (15.3%), myristic acid
(8.7%) and docosahexaenoic acid (8.4%).

In case of procssing of fish sausage as one of experiment for krill paste use, Alaska pollack fish
meat paste could be substituted with the krill paste up to 309 without any significant defect in taste
and texture of fish sausage, and the color of fish sausage could be maintained by the color of krill
paste.

Judging from the results of chemical and microbial experiments during frozen storage, the quality
of krill paste could be preserved in good condition for 100 days at —30°C,

AR PR 19840 E FFIEA L o TH) A 8o Y3 o] Reizle
— 195 —



FER - EHE-

5 Ei]

BIRER A o] fMs v =d kil ARBY
P Bt dFo2y BRER] sl &M
3,000 k& 713 WSl = o BERE 24 T4
3kA & Aoletm #gstn ok A Bk
BEREABREBERLRA AA develd A BAS B
o] Il golx ek SElVd AR F5 AAH
A st g xolel 43 AH BWREANA A 2H &
AR b QL

ZYBHEL BENOZE SrilAt o A4
AT BEERG R AR Bt 2 BB 5 4
=7k we] dojAl= Aol glel oA A& Fat
st AREHMEZA T EHo2 ol &slrl fig o8
7R FAgabge] HES vk Jon, ) F AL 2Y
A o HEEEEEEERS o 3 HRME Lk o
T 2dAY AxzzA 9 AEFY FAGAAA oA
k] a3 ul gl

K H{EdALe 249& 482 sl Lagunov 5o
2ug 2y REERARSEERS A%sd, &
EMIA PHEHE o] &byl T AdBEEEH
¥, & 3dsol & (krill paste)E 7LET3}l7] 2%
AEZ27, BREMTE PHAREAY o &4, Az
T EAAA 2 o] £EY sEAd R o
st 24, AEsq

ok R Hik

L # %

B AR A83 29, Euphausia superba (=}
3.5~5.6cm, HAF;0.3~1. 12L&, XEEER (CREEEE
HEEXEH)7 19834E 115 198 Y-8] 19844F 31
16H Atololl FEsR 60° LIRE, HR 30~70%] o2&
3} 9% Enderby @ Queen Maud land ] o A #afE

el —35°Col A FEEAT A& MME Agaad -

o}.

2./ &

SEUH|AES M =: 43 3292 &3 (chopper)
2 vt sta vkl 2B 8 25% o At
£ & A0 oF 2~4°CF HEF 3aks] 5417
F AL (1, 500Xg 10 min. ) 3}o] #is Bl
EHsgd . o] BHYEE g dwges 98°C

% - AER

ol A 2053 ubrtd gk o, Ao 2EARY
BEEBEHETS 258 AZ2@AY AR o5t
3he] 22§t &, o] B stone mortar 23y F¥3] vk
4 Egste sl 2 E Azsgrh o] 2L
o] £E % carton boxe] FAIAsH HAEFHTEA
2A2d F4£54(-35°0) A7 AL HEMUG C= 3}
3, 3Ll 28] fRAEI HEMEEE o=x
AR5 RERLD BEHLE A5 FTEUAAE
(Ze] g AW EF ¢ el A E F=85:15) 2 sodium
erythorbate® 7+ 0.2%, 0.3% A7std A 27
#HE A K2 sl —30°C B4 3el sl T
I FEEBRRSE Agstdon, agsedsE A
24 BEHE A B 2 A&5Hd sl
2 o] AL ARSIy 2] 2B AxT
£ Fig. 13} 7eh

Frozen raw krill

1
Mince(chopper)
——Water
Mix
1
Centrifuge(1500Xg, 10 min.)
!

]uiie | Press cake |
Heat coagulate(98°C, 20 min.)

Separate(filter screen)
|

i !
| Broth | Spongle-like flake
l
Add

(Polyphosphate 0.2%,
sodium erythorbate 0.3%)

1
Grind Grind
l

1
| Krill paste(K) | | Krill paste(C) |

Packl(cartoh box) Pack(carton hox)
l

Freeze(contact freezer, —35°C)

!
Storage at —30°C

Fig. 1. Flow sheet for the preparation of krill
paste.
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BFs-methanol 3m! S jmsle] 95°Cs] A 30 /7 3%
s}dste] JREHER methylesterS FHMIZ ¥, GLC =
A EAslgch. BRBRY HEe EEEfERe] re-
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Table 1. Conditions for analysis of heavy metals by atomic absorption spectrophotometer

Conditions Hg Cd Cu Pb Zn
Wave length(nm) 253. 6 228.6 324.6 283.6 213.8
Lamp current(mA) 6 -8 10 10 10
En-Ex slit(mm) 2,2 2,2 2,2 2,2 2,2
Air flow late(!/min.) — 15 15 15 15
Acetylene flow rate(l/min.) — 3 3 3 3
Burner height(mm) 29 25 25 25 25
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Fig. 2. Changes in VBN, moisture content and
protein content of krill paste according to
the ratio of added water to the minced
krill.
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Table 2. Comparision of processing methods

of krill paste in yield, protein con-

tent and functional property for
the preparation of fish sausage

Processing Processing
method 1% method 2P
Yield 27% 239
. 12. 87 10.8%
Protein content (55.4%)9 (49 1/)
Functional property for H 10.0 6.9
the preparation of fish T 4.0 3.2
sausage®) C 0.41 0.22
E 0.94 0. 92

a) refer to the comment in Fig.1
b) Yanase. 1974. ‘Modification of Russian Method’
¢) frozen Alaska pollack meat paste 44.4%, krill
paste 44.49%, starch 9%, NaCl 2%
H: hardness(kg), T: toughness(cm?),
C: cohesiveness, E: elasticity
d) dry basis

%} A3 E Table 2] Vel glvh. Table 2014 &
4 AR FHEe Fikd =el A2 ALYl LE
9 £¢ 9 BEHHELSRL 23%, 10.8% 24 £ A4
ZAd wet AxF 2N 22 27%, 12.8%¢
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Table 3. Proximate compositiorn, pH, volatile basic nitrogen(VBN) and salinity of raw

whole krill and krill paste (%)

Moisture Crude protein Crude lipid Carbohydrate Ash pH VBN(mg9%) Salinity
Raw whole krill 76.9 13.5 4.8 0.5 3.6 7.72 35.3 1.87
Krill paste 77.7 12.9 5.9 0.3 3.4 7.53 19.8 0. 96

Table 4. Heavy metal content of whole krill,
krill paste and press cake (ppm)

Hg Cd Zn Pb Cu

Whole krill trace 1.14 9.2 0.77  10.99
Krill paste 0.001 1.15 9.1 0.63 11.38
Press cake trace 1.41 10.6 1.53 10.82

* heavy metal content expressed in ppm on wet
basis.

T4 obe] mAHHE AT A3E Table 59 ek,

FR=d, adse]l 2 ¥ BiElY o =R
L Table 56) A ¢l o] WmEess EE=d,

Yol 22 W BWAY 60.6%, 57.1%, 55.2%4%
or} A ¥ & obnl = AHERE eI Jgeh
5 BEEL R wel Efsld sl A%z
Aol sk taurine] &fko] 13.3~15.7% 2 7}
A vigkom 7 th&o0® glutamic acid, aspartic
acid, leucine, arginine, lysined] o2 4go] ©
S, ol Eol AAl obwl:Ate o 49~55%% Ak

o4& AANR L. A2FY obnl maLERE A4
taurineo] A A9 39.1% & 744 Bgker, = &
© 2 glutamic acid, aspartic acid, arginine, proline,
glycine, lysined] 4-o]¢lt}. Table 564 2wl =y
so] 2 E WFol = leucines ofn] wabe] ¥ 24
FnF diEY gz, 53 lysined) &fi0] &
Hel 5% uk 9. HAUTIR ZHBEAHN =
3 f=o}m] x4} 2 leucine, isoleucine, valine, threo-
nine, lysine, methionineo] F2-3] gfxlo] o,
Agobul Al HYPo 2 Bul AYHHKS HHES
BadsE S-Fsivtn #Eg 8l 9k

Table 66 zPso]l 2B o] 249 -Fo}q]
AHERS B4 ZAAE dehigdEh frElelrix
AL ol 25 o H8RIAHY Fa429 s
olm AlE4 £k, BHE Aule] goermz AHFE
RO il ¢ T Aol Aol AEMG
g As BAdotel Ak F-2 EWEMA f sk

17.1% 3 taurine, lysine, glycine, arginine,

Table 5. Contents of amino acids in raw frozen krill, krill paste, press cake and broth

(mg/100g, wet wt)

Amino acid Raw frozen krill Press cake?) Krill paste®) Broth?
Taurine 1867.9(13. 3)» 2124.3(15.2) 2103.1(15.7) 3869. 4(39.1)
Lysine 811.3 (5.8) 824.6 (5.9) 956.3 (7.1) 436.6 (4.4)
Histidine 507.1 (3.6) 865.4 (6.2) 737.5 (5.5) 226.1 (2.3)
Arginine 771.2 (5.5) 754.7 (5.4) 618.8 (6.8) 477.9 (4.8)
Aspartic acid 967.0 (6.9) 229.9 (8.8) 1109.4 (8.3) 519.3 (5.2)
Threonine 471.7 (3.4) 531.1 (3.8) 496.9 (3.7) 264.7 (2.7)
Serine 391.5 (2.8) 447.2 (3.2) 378.1 (2.8) 197.6 (2.0)
Glutamic acid 1460. 0(10. 4) 1607.2(11.5) 1337. 5(10.0) 846.9 (8.7
Proline 672.2 (4.8) 600.9 (4.3) 584.4 (4.4) 463.2 (4.7)
Glycine 719.3 (5.1) 656.9 (4.7) 540.6 (4.0) 460.5 (4.6)
Alanine 707.6 (5.0) 684.8 (4.9) 693.8 (5.2) 418.2 (4.2)
Valine 584.9 (4.2) 517.1 (3.7) 565.6 (4.2) 261.9 (2.6)
Methionine 490.6 (3.5) 349,4 (2.5) 275.0 (2.0) 61,6 (0.6)
Isoleucine 698.1 (5.0) 768.7 (5.5) 671.9 (5.0) 301.5 (3.0)
Leucine 992.9 (7.1) 978.3 (7.0) 965.6 (7.2) 404.4 (4.1)
Tyrosine 846.7 (6.0) 489.2 (3.5) 487.5 (3.6) 305.1 (3.1)
Phenylalanine 1047.2 (7.5) 517.1 (3.7) 606.3 (4.5) 375.0 (3.9)
Total 14007. 2(100. 0) 13957. 8(100. 0) 13428. 3(100. 0) 9907. 9(100. 0)
Moisture content 76.9% 74.7% 76.5% 87.9%

a) refer to the comment in Fig. 1

b) % to total amino acid
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Table 6. Contents of free amino acids in krill
paste and broth

(mg/100g, wet wt)

Table 7. Fatty acid compositions of raw krill,
krill paste and press cake (area %)

Amino acid Krill paste® Broth® Fatty acid Raw krill Krill paste? Press cake?
Taurine 820. 8(20. 4) 292. 8(11.3) 12:0 0.5 0.2 0.4
Lysine 599. 7(14. 9) 345. 8(13. 3) 13:0 0.6 0.4 0.4
Histidine 82.6 (2.1) 94.2 (3. 6) 14:0 10.9 8.7 8.4
Arginine 432. 6(10. 8) 271.9(10. 5) 15:0 0.5 0.7 0.4
Aspartic acid 61.4 (1.5) 69.4 (2.7) 16:0 16.8 15.3 16. 4
Threonine 175.0 (4.4) 140.2 (5.4) 17:0 0.9 1.3 1.0
Serine 84.9 (2.1) 79.3 (3.1) 18:0 1.6 2.0 2.0
Glutamic acid 95.0 (2.4) 66.2 (2.6) 19:0 0.8 1.0 0.4
Proline 318.7 (7.9) 285.7(11. 0) 20:0 1.1 1.5 1.1
Glycine 444. 8(11.1) 217.0 (8.4) 22:0 1.2 1.4 2.8
Alanine 275.8 (6.9) 242.4 (9.4) Total 34.9 32.4 33.3
Valine 155.0 (3.9) 136.9 (5.3)

. d : 0.8 0.8 0.5
Methionine 59.8 (1.5) 45.4 (1.8) :g: 0.2 01 0.2
Isoleucine 119.0 (3.0) 92.0 (3.6) 161 6.6 7.4 7.9
Leucine 170.7 (4.3) 130.9 (5.1) 171 Lo 19 Ls
Tyrosine 63.8 (1.6) 41.2 (1.6) 18j1 17‘6 16' o 17'4
Phenylalani . . . . ) ) ) )

enylalanine 56.4 (1.4) 39.9 (1.5) 20:1 1.0 1.9 L5
Total 4016. 0(100. 0) 2591. 2(100. 0) 29:1 0.8 0.7 0.8
Moisture content  76.5% 87.9% Total 30.7 29.6 29.2
a) refer to the comment in Fig. 1. 18:2 3.1 3.2 2.4
18:3 3.6 3.6 3.3

proline 9 alanines] = &|-f-2] ofv] :A}ke] ok 70% ol 20:2 0.8 .5 1.0

- _ : 3 1.6 1.0
4 AAe gl FAokel el @ol Bhsle] 9 z: o8 e s
+ glutamic acide} aspartic acid®] & &ol T3] F& 20:5 17.6 17.8 16.7
He] ERAAelget. =i Ao £E A 24 BE 22:4 0.3 0.6 1.3
MR Qi QA5 @il ol AR BHE 22:5 0.3 0.9 L2

: .4 8.9
BoT 21.4% g o, olw] 7 obn] ALK S = 22:6 7.0 8
% 527, ol ] ctel e AL Total 34.4 38.0 37.2

Polo] 2= M) wigrgl o lysine, taurine, proline,
arginine, alanine, glycine 59 4%#o] =9toH, o}
E obvl:m4le] AA|FElolv] Ak o 64% F AA
e Al 252 X3 e AdAe 2 H
EF& Za e 2 E 2 SEsbod @k T+
$ze FHE A F geksn A4EE, o =
lysine, glycine, proline, arginine ¥ alanine % 2B
Hrotulmale] zUSo]lLE W A2pe] 5T R
kel & T4€ ¥ 422 9449

Fopt=d, zdslol2= My 9 Bitd R
o 28| 28 stz EntE gy 2 245 jgEEER
MRS FEad, agdod e ME 2 BB W
o FETFRERRY ML E SRRl
32.4%, 33.3%0] 1 monoenefgo] 30.7%, 29.6%,
29.2%, polyenefipo] 34.4%, 38.0%, 37.2% = 53
EETEMRERY MR Sston, IRITRRER
L k=g, adslel =M B BET A2 ¥
Zstd . & BFE A& palmitic acid g myristic

Z7 34.9%,

a) refer to the comment in Fig. 1.

acide] K7 T3om, FEEREe] A oleic acid,
eicosapentaenoic acid @ docosahexaenoic acid} o}
ol glgiet. Table 76 el 2ol £E
e RpBRe e MEMRE®A oleic acidst
16.99%, linoleic acid7} 3.29%, linolenic acid7} 3. 6%,
ael3 g4 Fd2uE SAYALL] e
eicosapentaenoic acidz} 17.8% 2 A7l wol 3
sje] Fo2 Mol aUs|ol LMY BES EH
fEgel Hel A SrgE & & g oA d=p
3 ¥ REREHRZ Q49X BEe o 13.6%
A2 MEHKS Theta HENOE $4T o
AR D RN S A = gieh =] Yam-
aguchi®™e] Bze] 2sidd
astaxanthin monoester %3} & JlEH| o] = @FE
2 $85 helw glonE EMNE Y BHEA E
¥z FATEEs oz Tk

astaxanthin Jdiester,
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SRTA FHREEEAY o4& =48] g4,
S| 2EE 0% A4 50 %7t BelWERLAE
of REHZMIIA A&FLAAE Azt o] & A
84X ot Wlasld @, ¥iRo], FHRAR
g ERegES A E Table 8¢ Ueb e &FH
E 2, L (e, adGRal), bgGEas) ¢
BRegEd s M &gl ES 20~30% A=
a2yl 2B 24 RS AXT o] §&A]A 7] 4
qe] § 441X o} EwHEANA A ¥ wstged, =
T A afeld HEdst ALY Fge =ZA
A stEo] gl aAslol2E2A 30% A= REY
BEstgl v, oAy A= 5| Fo] HUAFIIAE
24 AF&AAE MEE o duldF2AESE =
Eiﬁﬂ ol LEMFO T 20~30% AE REE F o=

T A5z, 53 BAARE AL @iz
i"é?ﬂﬂ BHEEA o542 Prtad AL §2]4]
A e dAde] J&& ¢ 4 g9tk Yamaguchi
FTOL oL 2L @mFE dE ZUel: 3~4
mg/100 gF =4 7R o]l 2fudkst FHREe] glo
=, o] FlZE| o] =@ L astaxanthin diester(40~
50%), astaxanthin monoester (30~40%), 2z]li
astaxanthin (156~25%)¢] F4-2-& o] &tz w3}

o).

%3t Bige

4. FRARFY F4s

adso] 2E MM HEEMIEED REBE 2 8
BEFILE A8 2ol LB &) FdAld 0.2
% o+ JERMEHIQ] sodium erythorbate® 0.3% A7}t
T AL ISl AE M KR 3o, o] F HEMNGT
Col vlmsld FAAA F9 Qs gty

FAAA T 2 2e MG k&SRS Fik
H9 #BE Hizst A3t Table 994 ) A
T ROEEE 285 L5 A #koF dged,
o2 ulFe] TAAE $T A5 BHE A9 &
Sz AzEe BASE A7 ge] Askael e
Z&EATFE el e, HEMNSECY A
£ A 0dAdl 75.5% olr) ZHe] A 100 U =
70.5% 2 7343 dtd MR K= A& 100 %o oF
74 1%3}733}— vebl o] adsle]l 224 Fgq4
°é 2% ANFLEA FAAR F HRKkHY 3

£5 °—']Zﬂf<17i T A=

Table 10¢] 87 FAAA % pH 2 ERHEH
EBRY BLE Jehded A 3 L85 gl
o] pH o} EBFHEERRE 47t S/t A
Ve gl et A 1009 F 2 8 ggid
o714 S Kyt BEEE Cal v)s] pHob E3t&d],
ol = stz HEEMREG FdAAAE «HFY R
Z+c}.

aYslo| 2EHMBL 5.9% A XY #lad % 8

£ et =3 BEFHMBIIRY 4R &

™

Table 8. Quality of fish sausage prepared with frozen Alaska pollack meat paste partially

substituted for krill paste

Color

Texture Sensory scoreb)

Substitution Folding
a) t
rate L a b H T C E tes Color Texture

0/100 — ~ - 17.0 7.2 0.57 0.97 AA - 4.8

10/90 50.7~ 2.6~ 8.8~ 16.0 6.4 0.52 0.97 AA 4.3 4.8
52.1 3.3 10. 8

20/80 45. 8~ 6. 2~ 11. 1~ 13.0 5.5 0.39 0.95 AA 4.5 4.6
48.8 6.8 12.7

30/70 44,0~ 7.8~ 13. 1~ 1.0 5.1 0.32 0.93 A 4.4 4.4
46. 8 9.1 13.7

40/60 38.1~ 8.5~  13.6~ 8.6 4.5 0.24 0.93 B 4.0 4.0
42.9 9.5 14.1

50/50 37.8~ 9.3~ 15. 1~ 6.0 2.3 0.12 0.91 B 3.8 3.5
42. 5 9.8 15. 8

Reference) 49.5~ 9.3~ 12. 5~ 3.8 2.1 0.15 0.9 B 4.5 3.8
52.0 11.5 13. 2

a) krill paste/frozen Alaska pollack meat paste(%)

b) 5 scale; 5: very good, 4: good, 3: acceptable, 2: poor, 1:very poor

c) fish sausage on market
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Table 9. Changes in moisture content and
water holding capacity of krill pa-
ste during storage at —30°C (%)

Water holding

S(tlgx;,e; ge Moisture content capacity
Ca) K#) C K
0 70.6 73.2 75.5 77.3
30 70.5 72.0 74.9 76.6
60 71.2 72.5 71.0 76.3
100 70.2 73.0 70.5 76.1

a) refer to the comment in Fig. 1.

Table 10. Changes in pH and volatile basic
nitrogen(VBN) of krill paste dur-
ing storage at —30°C

Storage pH VBN (mg/100g)
days c»  K® c K
0 7.57 7.74 19.2 185
30 7.55  7.72 19.2  18.4
60 7.62 777 19.5  18.8
100 7.69  7.80 20.0 18.9

a) refer to the comment in Fig. 1.

7 wEe, AAF BEBET 401 2 A2 2
o} TBA zr T MREHERMIERS HLE Hstd -

Fig. 33} 7ol TBA & HEMEFE CY A5 A 30
B7AA F7hste] Hmgkql 0.184) =Rstgly o F
Z+& 3 A Yl ) utd, sodium erythorbate
2 Qo M5 K A% 2ES §std TBAZY
Bt A g9 HEMG A8 "4 % F
2 vehigoen s BMGHHEL SFEE & F
dodvh @ FAARLT adslol 2EMGY fREF
miiRe #{be Table 113} Zeh AR F AdH

0.20

TBA value (0.D)
(o)
>

1 ] L

0 30 60 90 120
Storage days
o—o:( o0—0:K

Fig. 3. Changes in TBA value of krill paste during
storage at —30°C.

Table 11. Changes in fatty acid composition
of krill paste during storage at

—30°C (area %)
Storage days
Fatty acid 30 100
Ca) Ka) C K
14:0 11.9 11.6 12.1 1.9
15:0 0.3 0.3 0.3 0.3
16:0 15.9 16.7 17. 4 17.2
17:0 0.7 0.7 0.8 0.8
18:0 1.2 1.2 2.9 2.3
19:0 0.5 0.4 0.5 0.5
20:0 0.8 0.9 1.2 1.0
22:0 0.6 0.7 1.4 0.9
Total 31.9 32.5 36.6 34.8
16:1 8.8 8.8 8.9 8.8
17:1 1.8 1.7 0.5 0.4
18:1 19.8 18.7 20.3 18.9
20:1 0.3 0.2 1.0 1.1
Total 30.7 28.9 30.7 29.2
18:2 2.8 2.5 2.6 2.3
18:3 3.8 3.9 3.0 3.5
20:3 0.3 0.3 0.4 0.5
20:4 0.8 1.1 0.6 0.9
20:5 18.2 18.5 17.0 18.8
22:3 1.0 1.7 0.8 0.8
22:4 0.4 1.0 0.3 0.7
22:5 2.3 1.0 0.4 0.7
22:6 8.1 8.2 7.2 7.9
Total 37.8 38.2 32.3 36.1

a) refer to the comment in Fig. 1.

© 2 polyenefe] | go] F4stm AR ¥ EE
A A o7 25184 2} monoenefge] w]E-S A9
wEol glglth HBEE CE Cus Cosdt 2
ERfMgEERe] Zr4stgda, Ciso Ciso ¥
T4 Rl Srtste A deukd, #HHmKe
A F BEAEMRYRY 2} $9%oH,
PREFERERS] Bt AY fdgiel oL A=
W 3e] Bop Aol 28 A2 HREMEA so-
dium erythorbate® A 13t 24 A% [BEBRLE
AA A7 4 gleke A RS ek

FEAANAF adde] LMY EFEtE G2
24 flEd 23E Table 126 ehdglel. A3
% 2fFel Lt(HHE)E 4t ALste A4S
e g3, agk(FREE) 9 bIGEEE)Y o4
£ HRES Ce el A3%S Jeha ok, 8%
K A4% A9 87t dgleh ol & sodium ery-
thorbate® A7l o 24 435 BEBRLE ¥ aR

Caz:o
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Table 12. Changes in color values of krill
paste during storage at —30°C

Storage days

Sample®)
ampe 0 30 60 100
L 5.2 529 5.0 512

C a 2.2 2.8 261 262

b 204 2.8 220  22.3

L 530 528 5.8 5.7

K a 2.2 2.9 2.0 260
b 2.7 2.5 2.6  oL2

a) refer to the comment in Fig, 1.

Table 13. Changes in viable cell counts of
krill paste during storage at —386°C

Storage days

a)
Sample 0 30 60 100
C 8. 1X10° 7.6X10° 7.3X10° 7. 4X10°
K 8.3X10° 7.8X10° 7.7X10° 7.5X103

a) refer to the comment in Fig. 1.

BAb7t AL A Eoleba Azbslet,

EG AT AddolLEMFES SR
Table 133} 2o}, gz & —‘?—&35}, R i A e
ERBE A48 Zr4ste A%E Jeiz ded,
ol 2= A8 f“dé*sf&i/}c’l *}‘ﬁ El o] oA
H7 HEQl 22 A 54 AFT A ME
o EFEE 7.3~8.3X10° AER, AARREER
o MBARBIEUAIRASS £EEH¥S B led 300
mk BUFolefok gheihi= A6 wlasle] =z sle]
LEMES AREEN A4 ddsidn ¥ 5
Qe W MEFME @ AEE edold 3
A& AFFARE VD SH gonE WE
o] A Aol A &nl AR Bl Ad e = T8
eI E L

FAAZEY Zusel 2=/ &WMTHA $
HMBEH 2] BaglE 49 & E3oz AxF o
717wk 2gs|e| 225 Wk, HuldFaslE
o Wt 25% REFste LA E AzsgS
o, &A1 B ¥ @Rl #@LE Table
14,155 Jehigdch 4714 @& 4 gl%e] Faala
A3} sodium erythorbater} 715 ZYslol el
i K2 qbE 54477 BEME C2 e ol
24126 W 3 D dzFel wWelA wshZo)
Rgieh. webd 2dsel2Ed Fealud ¥ sod-
ium erythorbated Hr}glo 2k, FAXAE a1
o =M ERMIA FHEHEAY MeEe
TANA F Y& ¢ F Asth

of

Table 14. Changes in color values of fish
sausage prepared with frozen Ala-
ska pollack meat paste 25% suhs-
tituted for krill paste during stor-
age at —30°C

Storage days

Fish sausage®
0 30 60 100

L 451 46.1 44.9 44.4
C a 10.5 10. 4 10.9 11.0
b 155 15.9 16. 6 16.8
L 43.6 43.9 44.1 44.1
K a 8.4 7.9 8.7 8.6
b 14.4 14.2 14.9 14.7

a) Alaska pollack meat paste 61.2%, Kkrill paste
(C,K) 20.4%, NaCl 2.0%, starch 8.2%, water
8.2%

Table 15. Changes in texture of fish sausages
prepared with frozen Alaska poll-
ack meat paste 25% substituted for
krill paste during storage at —30°C

Storage days
0 30 60 100

Fish sausage®

HY 1.6 11.2 9.2 8.8
C T 5.0 4.8 4.0 3.7
C 0.65 0.60 0.54 0.53
E 0.76 0.76 0.74 0.72
H 11.4 11.2 10.3 10.0
K T 4.9 4.7 4.3 4.3
C 0.66 0.62 0. 65 0. 63
E 0.78 0.78 0.79 0.76

a) Alaska pollack meat paste 61.2%, krill paste
(C,K) 20.4%, NaCl 2. 0%, starch 8.2%, water
8.2%

b) H; hardness(kg), T; toughness(cm?), C; cohe-
siveness, E; elasticity

£ #J

2¥8¢ 2o} {FEskA Ao R o) &by Y
49 iR, 9% FHE st ARMTH i
B, & =¥ o)l 2= (krill paste) B A 23}l7] 93
FEEA, PHEHEAY o4y 2 AgtyAe
AEST by MR L TAsg

FH =Y & &9 (chopper) & vl4fl st w4 29 &
o st 25% ) sl}ste 2 AR L @t
85k ¥ YAl 82 (1,500Xg 10 min.) 8} Byt
BIEE Lelshs Aol %k o) wmHe sty
Aoz 98°C, 20 7R st Rk ohe AFEARY
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HEEAEE 932 dqalsld siaidozy =g
dg + ddx, FEAR F a2ydelx
E9] #EMEEE, RERL 2 BaliEE: $30
adso)£2Ed Wi FEAE 0.2% ¢} sodium
erythorbate 0.3% & & 7}sle] o] & carton boxel] =
HEFst ASAFEANEH FEFA(-35°0)
AN S FAAASNG . old BEHE QoA e A
g BhEe]l Ao e BFHEE Za e dape
2B Ex FHeld @kEh TZaA 2, BE
+ BREBEA o] 48 5 gt 2EE A9k
o} 42 zA s A Az AYso) AEMFe] —
BESE K5 78%, MEEHE 12.9%, HIRE; 5.9%
qoH, &, JtEE, ofd, ¥ 2 T 59 HE
BESBSES 771 0.001 ppm, 1.15ppm, 9.1 ppn,
0.63ppm B 11.38 ppm & 2 o] &= AHMENSE ok
A3 SR U] ARMA FAIoln]| w4t
& taurine, glutamic acid, aspartic acid,
T4 &) wot A olu] Al
55%% 212 st 21, §8] ofn] xAL-S taurine, lysine,
T4 &gel ot AA R
#obel:=Ake 65% & AA sl = adslela
EMEY RIFBRERY fafike] 32.4%, monoene
o] 29.6%, polyenef@o] 38.0% g 2o, 8 KIK
TRA5EE o 2 4] = eicosapentaenoic acid (17.8%), oleic
acid(16.9%), palmitic acid(15.3%), myristic acid

=
£EE

leucine,

lysine ¥l arginine

glycine, arginine, proline

(8.7%) zelx docosahexaenoic acid(8.4%)¢ 4 &
o] ul-ol-p}_
FAHEFLAEEA AKLAE ATT 9 #

@ e EXglel adselaxzd HudE
71EE 20~30% REL 5 Ag)vk. =8 olw] AR
BHRE AFSEHA gole Aadsleo]2ES @FEwow
Af4aR e ARAE §21274 5 gglch

TAXRY T ZYs ) 2EAEY F3E —30°Cel
A 10047t AAstA R (L8N, MEREHSRE %
E%}S’i.ﬂ, ZgrolAld 0.2% 9} sodium erythorbate

E 0.3% Aoz ARNITAH FHEHEA #
m4 B A7 ¢ gk zEla RER
it 2 BT JAXA F+ ddo

a24< BB sl gEMTA FHEEHZA R
AREA 3, 444 $2 zZdslcsefns
mTE 4 ek #HRs Q4

}:j

2URE TRl 23§ FA ABREHEGE 4

2, REBMUER FEB #E, HEAKE, 29
I BB dxate F4l AEWEMD RERE
HEYA 4 BEE TPk

X R
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