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STUDIES ON THE UTILIZATION OF ANTARCTIC KRILL

2. Processing of Paste Food, Protein Concentrate, Seasoned
Dried Product, Powdered Seasoning, Meat Ball, and Snack

Yeung-Ho PARK*, Eung-Ho LEE*, Kang-Ho LEE*,
Jae-Hyeung PYEUN*, Se-Kweun Kim* and
Dong-Soo KiM*

Processing conditions of the krill products such as paste food, krill protein concentrate,
seasoned dried krill, powdered seasoning, meat ball, and snack have been examined and the
quality was evaluated chemically and organoleptically.

In the processing of paste food, krill juice was yielded 71% and krill scrap 29%. The yields
of paste and broth from the krill juice showed 53% and 43%, respectively.

In amino acid composition of the krill paste, proline, glutamic acid, aspartic acid, lysine,
and leucine were abundant, while histidine, methionine, tyrosine, serine and threonine were
poor.

The optimum condition for solvent extraction in the processing of krill protein concentrate
was the 5 times repetitive extraction using isopropyl alcohol at 80T for 5 mins.

The yield of krill protein concentrate when used fresh frozen materials was 10. 2% in isopropyl
alcohol solvent and 8.8% in ethyl alcohol, and when used preboiled frozen materials, the
vield was 13.0% in isopropyl alcohol and 11.8% in ethyl alcohol. Amino acid composition of
krill protein concentrate showed a resemblance to that of fresh frozen krill meat.

In quality comparison of the seasoned dried krill, hot air dried krill was excellent as raw
materials and sun dried krill was slightly inferior to hot air dried krill, but preboiled frozen
krill showed the poorest quality.

The result of quality evaluation for seasoning made by combination of dried powdered krill,
parched powdered sesame, salt, powdered beef extract, monosodium glutamate, powdered red
pepper and ground pepper showed that the hot air dried krill was good in color and sundried -
krill was favorable in flavor.

When krill meat ball was prepared using wheat flour, monosodium glutamate and salt

as side materials, the quality of the products added up to 52% of krill meat was good and

* ZIKEASE ANMTAER, Dept. of Food Science and Technology, National Fisheries University
of Busan, 601—01 Korea
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the difference in quality upon the results of the organoleptic test for raw materials was not
recognizable between fresh frozen and preboiled frozen krill.

In the experiment for determining the proper amount of materials such as dried powdered krill,
a-starch, sweet potato starch, sugar, salt, monosodium glutamate, glycine, potassium tartarate,
ammonium bicarbonate, and sodium bicarbonate in processing krill snack, sample B(containing
7.7% of dried powdered krill) and sampleC (containing 10.8% of dried powdered krill) showed
the most palatable taste from the view point of organoleptic test.

Sweet potato starch in testing side materials was good in the comparison of suitability for
processing krill snack. Corn starch and kudzu starch were slightly inferior to sweet potato
starch, while wheat flour was not proper for processing the snack.

In the experiment on frying method, oil frying showed better effect than salt frying and the

suitable range of frying temperature was 210—-215C.
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Table 1. Formula for preparation of the

noodles
Sample KPC Wheat flour Salt Water
No. (@ @ ® (b
Control 0 100 3.6 40
A 1 99 3.6 40
B 3 97 3.6 40
C 5 95 3.6 40
D 10 90 3.6 40
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Table 2. Formula for preparation of seasoning power (unit: £)
Materials Samele (krilIA81 %) (krilFW%) (kriﬁ 729%) (kriﬁ 63%)
Powdered krill 100(80. 8%) 80(77.1%) 60(71.6%) 40(62.7%)
Powdered roasted sesame 5( 4.0%) 5( 4.8%) 5( 6.0%) 5( 7.8%)
Salt 5( 4.0%) 5( 4.8%) 5( 6.0%) 5( 7.8%)
Sugar 5( 4.0%) 5( 4.8%) 5( 6.0%) 5( 7.8%)
Powdered beef extract 5( 4.0%) 5( 4.8%) 5( 6.0%) 5( 7.8%)
MSG* 3( 2.49%) 3( 2.9%) 3( 3.6%) 30 4.7%)
Powdered red pepper 0.4( 0.3%) 0.4( 0.4%) 0.4( 0.5%) 0.4( 0.5%)
Powdered pepper 0.4 0.3%) 0.4 0.4%) 0.4 0.5%) 0.4 0.6%)

*MSG: Monosodium glutamate
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Table 3. Formula for preparation of krill meat ball

Sample Yellow corvenia Krill Wheat flour Salt MSG* % of krill

(€] @ €)) @ @ mixed
A 500 0 100 2.6 0.7 0.0
B 450 50 100 2.6 0.7 8.3
C 400 100 100 6.6 0.7 16.6
D 350 150 100 2.6 0.7 24.9
E 300 200 100 2.6 0.7 33.2
I 250 250 100 2.6 0.7 41.4
G 200 300 100 2.6 0.7 49.7
H 100 400 100 2.6 0.7 66.3
I 0 500 100 2.6 0.7 82.9

*MSG: Monosodium glutamate
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Table 4. Formula for preparation of krill snack cakes

sto] NIEAS S WA 18 vhA] 40~45T 4 4
10 BRRS Stk aEaR 9~10%). HRE
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o] who} 1B KBS 71E71E W o ROD
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E=23 28 .29 32 Az golA AF Wh
o MITEMS &7 datd 2AZEEE), 2T+
Ay, 4R D S4FAR, 2 180g(55.7%) a—
A2 100g(31.0%), HIphkk=ad 252(7.7%), 47
12(3.79), 232 3.3g(1.0%), MSG 0.5g(0.2%),
glycine 1.02(0.3%), #4428 0.4g(0.1%), %
By 0.4g(0.1%) B Sehasor) 0.4g(0.1
%)& BAaste A=xd %, 2 FHERd =& A

(unit: 2)

Sample A B C D
Materials (krill 4.5%) (krill 7.7%) (krill 10.8%) (krill 13.6%)
Krill 14( 4.5%) 25( 7.79%) 36(10.8%) 47(13.6%)
Sweet potato starch 180(57.7%) 180(55.7%) 180(53.9%) 180(52.2%)
a-starch 100¢32. 1%) 100¢30.1%) 100(29. 9%) 100(29. 0%)
Sugar 12( 3.9%) 12¢ 3.7%) 12( 3.6%) 12( 3.5%)
Salt 3.3( 1.1%) 3.3( 1.0%) 3.3( 1.0%) 3.3( 1.0%)
Glycine 1.0¢ 0.3%) 1.0¢ 0.3%) 1.0¢ 0.3%) 1.0C 0.3%)
M S G* 0.5( 0.2%) 0.5( 0.2%) 0.5( 0.2%) 0.5( 0.2%)
Potassium tartarate 0.4 0.1%) 0.4 0.1%) 0.4 0.1%) 0.4 0.1%)
Ammonium bicarbonate 0.4( 0.19%) 0.4( 0.1%) 0.4( 0.1%) 0.4 0.1%)
Sodium bicarbonate 0.4¢ 0.1%) 0.4¢ 0.1%) 0.4¢ 0.1%) 0.4¢ 0.1%)

*MSG: Monosodium glutamate
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Table 5. Yields of krill paste and byprod-
ucts preparared from raw frozen
krill

Krill Yield(%) Remark

Juice 71.5

Scrap  28.5

Paste  37.7(52.7) } Prepared from krill
Broth  33.8(47.3) ! juice

*Figures in parentheses are percentage to the
amount of krill juice.

Table 6. Chemical composition of krill pa-
ste and by-preducts

Krill M‘(’i,/jt)“fe pg(f;le(ilfl Chade Crode
% B O
Juice 82.2 10.3 4.5 2.4
Scrap 22. 4 49.9 4.4 22. 4
Paste 68.1 24.6 4.6 2.4
Broth 85.1 8.7 3.6 2.1

3 ABE s glen, A9 w3 REkE 7

A gl Bl A& SoAE 2u=z oA
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Table 7. Amino acid ecomposition of the krill paste (dry basis)
Amino acids mg/100g N mg/100g (A/TA) X100 (E/TE) X100
Lysine : 6849. 3 1313.6 8. 36 22. 04
Threonine 3267.7 384. 4 3.99 10.51
Valine 4466.7 534.5 5.45 14. 37
Methionine 1300.0 122.2 1,58 4,18
Isoleucine 4186.7 447. 4 5.11 13.47
Leuc_ine 6868.0 734.0 8.37 22.10
Phenylalanine 4145.0 351.7 5. 06 13.33
" Histidine 1252, 8 339.5 1.53
Arginine 3028.3 974. 6 3.69
Aspartic acid 7316.0 770.1 8.93
Serine 3030.5 404. 1 3.70
Glutamic acid 9632. 8 917. 4 11.75
Proline 13984, 1 1702. 4 17. 06
Glycine 5020. 1 937.1 6.12
Alanine 5243.0 824.7 6. 40
Tyrosine 2377.2 183.9 2.90
Total 81967.9 10248. 4 100. 00 100. 00
A : Amount of each amino acid TA : Total amino acid
E : Amount of each essential amino acid TE : Total essential amino acid

g WA eR el glelA & leucine B lysine .
o fgto] Tob MU RS 409 BLEE A 2. 28 WX BANS| 88
S95 o uotel, methionine® 744 Ao MAE () 29 Bk BAES BE MIMEE
e o} 4%E RAEd BASGG. old@ 29 Bk BEES Azel slo] MERMl wE
keill pastes] RACH =RMERE WEBS) 2A%  IWE HHAR A5 WRY #RE Table 83
A w4yt Zv}.

Table 8. Effect of extraction time on the lipid extraction

Remaining lipid in dried filter cake(%)

Extraction time

r Raw frozen Preboiled frozen
(min) PA EA PA FA
5 1.08 1.54 1.08 1. 40
10 1.05 1.43 1. 06 1.18
20 1.03 1. 40 . 1.02 0.84
30 1.00 1.24 0.96 0. 83
40 0.79 1. 06 0.71 0. 82

IPA : Isopropyl alcohol EA : Ethyl alcohol
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Fig. 5. Fat remaining in Antarctic
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protein

concentrate after first, second, third,
fourth and fifth extraction with 90%
isopropyl alcohol and ethyl alcohol.
(A) Isopropyl aleohol
(B) Ethyl alcohol
Initial fat content of raw frozen and
pre-boiling frozen krill are 18.9%,
10.9% respectively(dry basis).

O : Raw frozen

fl : Preboiled frozen
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Table 9. Chemical composition and yield

of KPC prepared from krill

Raw frozen Preboiled frozen

Chemical

Pre Ethyl Ethyl
composition. IPA alcohol IPA alcohol
Moisture 5.8 4.7 4.9 5.1
Protein 70.7 68.8 78.8 76.5
Lipid 0.3 1.1 0.3 0.5
Ash 14.7 16. 6 14. 8 11.0
Yield 10.2 8.8 13.0 11.8

ol 9 2o EEINTHAETAA A2 22 Bk &
B Wk ® EAHRS Table 99 el & i
Ko 9olA IPA Hifie A%+ &£HE =949 4
7} 14.7%, EESHE 2439 47 13.0%42H,

EAHIHS A= 45 249 71 16.6%, &k
FikE 294 45 11.0% 9 A BHELRL
IPA ## 9 EA #ilf =5 HAEHE 228 A&

Table 10. Amino acid composition of XPC prepared from krill

Amino acids

Raw frozen

Preboiled frozen

mg/1gN 2/100g protein mg/gN £/100g protein
Lysine 365.0 5.8 431.2 6.9
Histidine 73.7 1.2 90.5 1.5
Arginine 270.3 4.3 427.1 6.8
Aspartic acid 418.9 6.6 470.8 7.5
Threonine 164.8 2.6 199. 6 3.2
Serine 146. 2 2.3 172. 8 2.8
Glutamic acid 503. 4 8.1 607.8 9.7
Proline 163.2 2.6 137.1 2,2
Glysine 185.9 3.0 243.4 3.9
Alanine 175.5 2.8 240.9 3.9
Valine 171. 6 2.8 243.1 3.9
Methionine 89.9 1.4 114.1 1.8
Isoleucine 159. 3 2.6 228.5 3.6
Leucine 271. 3 4.4 363.5 5.8
Tyrosine 121.3 2.0 153.0 2.5
Phenylalanine 180.0 2.9 209. 5 3.6
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Table 11. Chemical composition of noodles containing KPC
Raw frozen Preboild frozen
Chemical Control A _B__C_ . D_ .
composition IPA IPA IPA IPA IPA IPA IPA IPA
(EA) (EA) (EA) (EA) (EA) (EA) (EA) ((EA)
Moisture 14.3 15.0 14. 8 14. 4 15.0 14.6 14.6 14.9 15.7
(14.3) (4.7 (15.3) (15.3) (15.4) (15.0) (15.4) (15.2)
Protein 12. 8 12.9 15.1 17.2 19.2 13.2 15.4 160 19.1
(13.1) (4.5 6.4 (9.8 (13.2) (14.7) (16.6) (19.0)
Lipid 0.6 0.5 5.6 0.6 0.6 0.7 0.7 0.7 0.6
0.7 07D 07 08 0.7 (0.7 (0.6) (0.6
Ash 3.3 3.8 3.8 5.0 5.3 3.6 4.4 4.6 5.0
3.9 6.9 ¢2 @9 GB.7 G99 @1 G.Y
Starch 65.9 65.0 64.2 62.5 59.9 65. 0 64.5 60. 9 59. 1
(64.8) (62.2) (60.9) (88.7) (65.4) (64.5) (61.7) (59.8)
Table 12. Sensory evaluation of noodles that is supplemented with KPC
Sample No. Color Taste Odor Texture  Quality evaluation
Control 7 yellowish wh_it; superior superior superior suitable
IPA { F  yellowish white superior superior superior suitable
P  yellowish white superior superior superior suitable
A
{ A F  yellowish white superior superior superior suitable
E { P  yellowish white superior superior superior suitable
F dark yellowish white good good good suitable
IPA { P dark yellowish white good good good suitable
B
{ F  dark yellowish white good good good suitable
EA { P dark yellowish white good good good - suitable
F  grayish yellow fair fair fair unsuitable
IPA { P  grayish yellow fair fair fair unsuitable
C
{ A { F  grayish yellow fair fair fair unsuitable
E P  grayish yellow fair fair fair unsuitable
IPA { F  dark grayish brown inferior inferior tough unsuitable
P  datk grayish brown inferior inferior tough unsuitable
D
{ A { F  dark grayish brown inferior inferior tough unsuitable
E P  dark grayish brown inferior inferior tough unsuitable
F: Raw frozen P: Preboiled frozen
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Table 13. Chemical composition of the seasoned and hard boiled krill (%)

Material krill

Composition Preboiled-frozen Sun-dried Hot-air-dried
Moisture 54.1 29.0 28.1
Crude protein 1.2 17.7 17.9
Crude fat 2.8 2.5 3.2
Crude ash 86 11. 8 12.2
Salt 6.7 9.6 10. 0
Total sugar 17. 4 32.4 33.1

o wmE dduz g

3. 0% Mok TR ES aE

FAOHE 24 (RyER 78.2)3 = o2&
R HEad Gkpaat 15.4%) ¥ BEER 2
(Ka&H 16.22) % 44 %k 254 %HE 2
4 Fk 2989 —BRMERE 2T HRE
Table 133} 7z},

=g 23 @k =989 ¥4, A9, o, text-
ure ¥ JHEC) dste] 8422 F44 panelol 93t
o 5By FEIkO = HEEMEE & KRt Fig 6
3 7t}

2% %k = Fo Axd o] AN 22&

nﬁ“ ﬁr’

o st Odor Color Taste
S 4
b
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x4
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Texture Appearance
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Fig. 6. Results of sensory evaluation for the

seasoned and hard boiled krill.

A: Prepared with hot air dried krill.

B: Prepared with sun dried krill.

C: Prepared with preboiled frozen
krill.
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Table 14. Chemical composition of the seasoning powder prepared with
powdered krill (%>

Material krill  Sample -Moisture Crude protein Crude fat Crude ash  Salt  Sugar

Sun-dried A 8.9 48.0 12.9 19.1 16.2 3.7
B 8.8 47.2 12.6 19.7 17.7 4.0
C 7.9 42.4 12.4 20.1 18.3 5.1
D 7.2 42.0 11.4 22.2 20. 1 6.8
Hot-air-dried A 13.0 46.8 12.1 . 19.8 17.3 3.8
B 12.7 44.6 12.0 20.1 17.5 4.1
C 1.9 42.7 11.5 21.5 19.0 5.0
D 11.0 30.7 11.7 22.0 19.8 6.6

Table 15. Yield and chemical composition of sun-dried krill and hot-air-

dried krill (%)

Sample Yield Moisture Crude protein Crude fat Crude ash
Sun-dried krill 20.8 15.4 54.6 13.4 13.9
Hot-air-dried krill 23.2 16.2 52.8 12.7 15.1

—BRAMRS 29 Table 158 2},

Ffisd e EAs] BIRY 9 S dripl # 2 5} coter Qdor
HE o) A deakolrt Mekol o ¥ b ozt @ 4 ~
wigdol Bt el Wolur] 49 BRES §§
EfE st A Eg Hmid e %Ke A 2 5 I
o} KEACTS)Ol Gebel o) WRE 27 Fuel < Il |
pkAES ST LT BATAA s *ﬂawn ABCOD ABCD
o2 BRE & 4T ¥ oz, @EJ 22 K o Taste Flavor of soup®
He¥E e Anz 33 2 FEY LREAE 5 SL
d& vtz e = ;WW— BEd AL @ b
stol Fo, 59 M HAE WHT AL % &>
of otz Wk EE ol fﬂaﬁ%ﬁfgq SER 7 gy
+ EED RbdAY o ns AREES K < (g 11l |
st Aol adpkEmEY FRTe odY B ABCD A BCD
B BBEE ASSE ROl v 2o Fig. 7. Resuits of sensory evaluation of the
ol # 3t M kol A9 HRIF TS A& JbF seasoning powder.
A fEgsl 20 FEE WA FERZE%ER) 7 * Prepared with the seasoning pow-
£ HRWY HEHEZ KRSk Agske Aol der.
Aoleh ** Symbols .Of samples source are

same as in Table 2.

Wk BEE 24 A A9 duge E= : Prepaied with the hot air dried krill

2 BRERaYLE A4 Ao frfac) o BFet CJ : Prepared with the sun dried krill

2 B%AYE AT AL FE REES YE o

FA % dslvh ole WMadd Adel MEE WAL ANASE HEaE A4 Ao ay
g ARG vistel HE&e 24t B A 22 RAER2YE 449 AL Bago.

o tasl ol KHEE ehlsl H gl A4S WAKRI S BHBRSZ BB IR
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Bfrel gol #ilkd Ageldn YAdeh AR
e T ERT Fob ¥ 4 A%

T ZURKREREE B F9 FE2E 1E
4S99 HkE wlasty] gt dte Aol
dsle] Mttt & #iy 150mle] sample A(Z
o 81%) 9 sample D(=¥ 63%)% Z 3g, 5g, 7
g 10g 2 15g4 & 5o 2 RBRE BHRBEYT Aol
At vhE IR BN B 8 Rk
%5 golry] §Iste] BB 150mio] £ ByREHRH
5 7g4 FHe o BBRE CHRBRED KR4 Fig 7
#9l flavor of souplelv}t. & BMEEHALE A
4 A Agads FEEE 2 Ae Rike AY

W xdte] E ERE FobE F ggled, AEY B
Fol =& 2= sample B(a4 77%)7t A% £
$k3, sample D(a2¥ 63%)7} 713 F3di=t

5. 32 meat ballo] s

PN

a4, &7, 974%, 2% @ MSGE Table 39
H#3t 7ro] Elsste sample A,B,C,D,E,F,G,H
1o oEfd AL AmkEzd 2 BHEE=LLI
2 Azstd —HEIEEE HHT $RE Table
16 ¥ Table 175 zow, AF9 AREE 34
g #EE= Table 18% 7).

%3} krill meat balle] A=, ¥4, sF & textu-

Table 16. Chemical composition of the krill meat ball prepared with raw frozen krill (%)
Sample Moisture  Crude protein  Crude fat Crude ash Starch Salt
A 60. 6 10.3 9.2 4.2 7.5 6.3
B 60. 4 12.9 7.5 3.5 9.8 53
C 56.0 13.7 6.1 3.6 10.5 6.7
D 53.2 16.2 4.9 3.0 10.8 5.0
E 61.1 17.7 4.1 3.4 12.1 5.1
F 60.2 17.8 4.0 3.3 12.6 6.2
G 59.3 18.9 4.3 3.1 12. 4 6.7
H 60.9 19.4 4.3 2.9 12.3 7.2
1 58.0 20.1. 4.8 2.8 10.7 5.4
Table 17. Chemical composition of the krill meat ball prepared with preboiled frozen
krill (%>
Sample Moisture Crude protein Crude fat Crude ash Starch Salt
A 62.1 11.4 7.3 4.7 9.9 6.5
B 59.6 12, 4 6.8 4.1 11.3 5.1
C 59.8 13.9 5.6 3.7 11.5 4.8
D 60.9 16.3 5.2 3.4 10.7 6.9
E 60.3 17.2 4.9 3.3 10.9 5.6
F 60. 2 18.2 4.6 3.2 11.2 5.3
G 60.6 18.9 4.0 2.9 12,3 4.7
H 59.9 19.5 4.2 2.7 11.4 5.1
1 59.5 21.0 4.1 2.6 "10.8 4.9
Table 18. Jelly strength of the krill meat ball (g/cm?)
. . Sample
Material krill x B C ) E 7 G H I
Raw frozen krill 1195 1128 1084 928 831 723 600 426 213
Preboiled frozen krill 1165 1118 1071 883 846 735 570 327 202
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Fig. 8. Results of sensory evaluation of the
krill meat ball prepared with raw fro-
zen krill.

* Symbols of samples source are same
as in Table 3.
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Fig. 9. Results of sensory evaluatron of the
krill meat ball prepared with preboil-
ed frozen krill.

* Symbols of samples source are same
as in Table 3.
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Table 19. Chemical composition of the krill snack cakes prepared with raw frozen

krill )

Composition Semple A B ¢ b

Moisture 3.9 3.9 3.5 3.9
Crude protein 1.2 1.4 1.8 2.2
Crude fat 14.9 16.8 17.1 17.6
Crude ash L1 1.1 1.2 1.4
Starch 65.6 65. 1 63.1 59.8
Salt 2.2 2.1 2.1 2.2
Sugar 2.5 2.1 2.3 2.4

Table 20. Chemical composition of the krill snack cakes prepared with preboiled.

Fig. 10. Results of sensory evaluation of the

krill snack cakes.
* Symbols of samples of samples
source are same as in Table 4.
B3 : Prepared with raw frozen krill
] : Prepared with preboiled frozen krill

frozen krill (%>
m
Composition Sample A B C b
Moisture 6.0 6.0 5.3 5.2
Crude protein 1.2 1.4 2.0 2.4
Crude fat 14.9 16.2 16.8 17.0
Crude ash 1.2 1.3 1.3 1.5
Starch 68.3 67.5 66.8 65.9
Salt 2.3 2.1 2.2 2.2
Sugar 2.4 2.4 2.5 2.3
Y &Rl B2 sample D= =249 BEFY FHHL
5| Cotlor Odor H R gRete] Foko]l ot 4 X% Lo, sample
£ 4 Bz Ch A9 ez #WiEgya. Texture:
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o5 Taste Texture 2 & g9
§ Lk g 3w - 20 - FA] Az 9le} £E B
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2 HRRAES 3 #HEs Fig 118 2,

AL YL L4454 dRog @WE Ao A7
Bigstgla 2432 B8 Aol A X sger,
o, texture & PFE & nFebgFoz gE 2o
73 BEsE R 9732 e A R X wyl
. 53 A1EHe ¥ A9 APse nTEAR

— 78 —



BAKE 219 FHS 23 B

o i
5 5
» 4r
e 3r
g 2}
QO
z T
ABCD ABCD
o Taste Swelling
o 5r
(8]
w L
o 3r
g 2
I 1
ABCD ABCD

Fig. 11. Results of sensory evaluation of the
krilll snack cakes.
A: Prepared with wheat flour
B: Prepared with sweet potato starch
C: Prepared with arrowroot starch
D: Prepared with corn starch
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