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Abstract

The Antarctic krill, Euphausia superba, is drawing attention over the world as the largest source
of unutilized proteins in the ocean. For the use of krill as a human food, processing conditions
of krill sauce by autolysis and/or commercial proteolytic enzyme digestion were examined. The
krill was chopped and mixed with equal weight of water, and hydrolyzed by autolysis and/or
commercial proteolytic enzyme digestion. The optimal conditions for hydrolysis of krill were 52.5°C,
pH 7.0-7.5, 3 hours by autolysis, 52.5°C, pH 6.5, 3 hours by bromelain (0.5 %) digestion, and
52.5°C, pH 7.0-7.5, 3 hours by commercial complex enzyme (5 %) digestion, respectively. The
maximum hydrolyzing rate of protein were 83.2 % by autolysis, 89.7 % by bromelain digestion,
92.7 % by commercial complex enzyme digestion. After krill meat hydrolyzed by autolysis at opti-
mum condition, inactivated at 100°C for 20 minutes and filtered with Biichner funnel. Two kinds
of products were prepared with krill hydrolysate and preservatives: one contained 10 % of sodium
chloride and 0.06 % of benzoic acid and the other 10 % of sodium chloride and 3 % of ethyl alcohol,
These products were filled in the sterilized glass bottle and sealed. The pH, volatile basic nitrogen
amino nitrogen, color value (L, a and b values) and viable counts of bacteria were determined
during storage at 37°C. The results showed that the products could be preserved in good condition
during one month at 37°C. As a method to reduce the sodium level in krill sauce, it is convinced
that sodium chloride could be replaced half in partially by potassium chloride. In the products
prepared from krill by autolysis, bromelain or commercial complex enzyme digestion, hypoxanthine
and 5-IMP were abundant among the nucleotides and their related compounds as 15.3-20.4
wmole/g, dry solid, 2.2-2.5 umole/g, dry solid, respectively. The abundant free amino acids were
lysine, leucine, proline, alanine and valine. The contents of these amino acids were 67.4 %,
69.4 %, 69.8 % of the total free amino acids of each products. And TMAO, betaine and total
creatinine were low in contents. The flavor of krill sauce prepared from krill by autolysis or

enzyme digestion was not inferior to that of traditional Kerean soy sauce by sensory evaluation.
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Table 1. Proximate composition, volatile basic nitrogen (VBN) and pH of raw whole

Hydrolysis ratio, %

krill
Moisture I?rrol;gien 1(1: ;;‘éie Carbohydrates Ash pH VBN
(%> (%) (%) (%) (%) (mg2%)
78.9 13.1 3.7 0.6 2.8 7.8 42.3
e; Control, 3hrs
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70r % A ,
0 1 2 3 4 5 6 7
60F Time, hr
L Fig. 2. Influence of time on the hydrolysis of
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Fig.1. Influence of temperature on the hy-
drolysis of whole krill.
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Fig. 4. Influence of pH on the hydrolysis of
whole krill.
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Fig. 5. Influence of NaCl concentration on
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Table 2. Hydrolysis conditions for prepara-
tion of krill sauce with whole krill

Control Bromelain Sﬁgﬁzx
Temperature 52.5°C 52.5°C 52.5°C
Time 3 hrs 3 hrs 3hrs
Concentration — 0.5% 5.0%
pH 7.0~7.5 6.5 0.7~7.5
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Table 3. Analysis of variance on sensory evaluation of krill sauce made replacing
various levels of NaCl with KCIl

Mean sensory score*!

F-ratio
Control 7 % NaCl/ 5 9% NaCl/ 3 % NaCl/
(10 % NaCD 3 9% KCl 5 % KCl 7 9% KCl
Aftertaste 4, 1%3 3.8 3.7 3. 3% 4, 54%2

*1 Scale(bitter intensity) : 5 ; imperceptible, 4 ; slightly bitter, 3 ; moderately bitter,

2 ; very bitter, 1; extremely pronounced

*2 Mean sensory scores are significantly different (p<0.01).
*3 Significantly different from control (p<0.01)
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Table 4. Formulas of additives for storage stability of krill sauce (%)*
Sample No. NaCl KCl Benzoic acid Ethyl alcohol

C 20 — — -

S-1 5 5 0.06 -

S-2 b 5 — 3

S-3 5 5 0.05 3

* Ratio to the hydrolyzed liquid of whole krill

Table 5. Changes of pH, volatile basic nitrogen(VBN), amino nitrogen(NH,-N), color
value(4E value) and viable cell counts of krill sauce reheated at 120°C for
15 minutes during storage at 20+3°C

Storage pH

VBN(mgZ%) NH,-N(mg%> AE value Viable cell

counts

days ¢ 871 5293

C §182 83 C S-1 S-2 S-3 C S-1 8-28-3 CS-1S-28-3

0 7.557.637.767.57 71.079.575.8 77.2 384.5 415.0 417.9 418.2 83.583.883.883.8 0 0 0 O
15 7.527.607.737.51 71.476.974.175.5 391.3 410.7 418.8 415.9 83.883.883.483.4 0 0 0 0
30 7.547.677.637.52 72.881.075.579.6 334.5412.5 417.0 415.8 83.8 83.883.683.6 0 0 0 O
60 7.527.627.737.63 72.579.676.9 76.9 370.3 416.0 416.6410.8 — — — — 0 0 0 0
90 7.607.667.797.65 72.576.574.276.9 399.3 395.2 413.9 415.7 83.783.783.783.7 0 0 0 0

* C, S-1, S-2, S-3:refer to comment in Table 4
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Table 6. Changes of pH, volatile basic nitrogen(VBN), amino nitrogen(NH,-N), ecolor
value (4E value) and viable cell counts for krill sauce reheated at 80°C for 30
minutes during storage at 37°C

Viable cell

Storage pH VBN(mg%) NH.-N(mg%) 4E value counts

days C S-15283 C S1 S2S83 C S1 S2 S3 C S1 S2 S-3CS-15-2S-3

0 7.65 — 7.61 — 52.2 — 549 — 378.2 - 402.7 — 838 — 8.8 — 0 — 0
15 7.537.457.62 7.58 52.2 53.5 52.2 53.5 358.9 407.5 408.4 414.9 83.783.783.783.7 ¢ 0 0 O
30 7.597.52 7.66 7.68 52.2 55.3 55.3 54.5 358.2 404.4 408.1 414.6 83.883.883.883.6 0 0 0 O

* C, S-1, S-2, S-3:refer to comment in Table 4

Table 7. Changes of pH, volatile basic nitrogen(VBN), amino nitrogen(NH,-N), color
value (4E value) and viable cell counts for krill sauce not reheated during
storage at 37°C

iabl
Storage pH VBN(mg%) NH,-N(mg%) AE value (\:/(')ljgt: cell

days CS1 8283 C S1 S2 S3 C S1 S2 S3 C S-1 S-2 S-3CS-15-28-3

0 7.57 — 7.61 — 50.7 — 52.4 — 366.6 — 384.9 — 834 — 8.5 — 0 — 0 —
15 7.537.417.68 7.49 53.352.252.151.8 355.1404.4 386.4 408.2 83.583.583.683.5 0 0 0 O
30 7.537.47 7.617.51 52.2 53.0 52.2 52.2 367.7 412.0 391.8 412.9 83.583.583.583.2 0 0 0 O

* C, S-1, S-2, S-3:refer to comment in Table 4
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Table 8. The composition of krill sauce prepared from whole krill (%>

Krill sauce prepared with
Raw whole

kill Control Bromelain Complex enzyme
Moisture 78.9 82.5 82.8 81.4
Crude protein 13.1 6.1 6.5 ' 6.8
Crude lipid 3.7 — — —
Carbohydrates 0.6 0.1 0.1 1.8
Ash 2.8 9.8 9.9 9.5
Salinity - 9.2 9.2 9.1

Control : autolysed
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Table 9. Nucleotides and their related compo-
unds of Kkrill sauce prepared from
whole krill

(moisture and salt free basis, #mole/g)

Krill sauce prepared with

Control Bromelain Sr?;l;%lleex
ATP 0.7 0.4 0.8
ADP 2.2 2.2 2.8
AMP 1.6 1.8 2.8
IMP 6.7 6.5 7.1
Inosine 2.2 2.5 2.5
Hypoxanthine 15.3 16.2 20.4

Control : autolysed
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Table 10. Contents of free amino acids in the extract of krill sauce prepared from whole

krill (moisture and salt free basis)
Krill sauce prepared with
Amino acid Control Bromelain Complex enzyme
% to total % to total % to total
mgZ amino acid mg%  amino acid mg%  amino acid
Lys 4417.2 14.2 4345.8 12.5 4284.8 11.7
His 316.8 1.0 468. 1 1.3 454.2 1.2
Arg 3410. 8 11.0 3529.8 10.2 3132.2 8.6
Asp 638.4 2.1 860.3 2.5 881.4 2.4
The 1477.1 4.7 1695.3 4.9 1871.2 5.1
Ser 1318.6 4.2 1606. 7 4.7 1844.1 5.0
Glu 1295.4 4.2 1594. 1 4.6 1572.9 4.3
Pro 2646.6 8.5 2644.2 7.6 2684.8 7.4
Gly 1863.8 6.0 2005.3 5.8 1972.9 5.4
Ala 2576.7 8.3 2859. 3 8.2 3132.2 8.6
Val 2273.9 7.3 2593.6 7.5 3084.8 8.4
Met 997.1 3.2 1214.6 3.5 1227.1 3.4
Ile 1868.5 6.0 2188.7 6.3 2583.1 7.1
Leu 2949.5 9.5 3479.2 10.0 3891.6 10.6
Tyr 1015.8 3.3 1315.8 3.8 1430.5 3.9
Phe 2031.6 6.5 2296. 3 6.6 2515.3 6.9
Total amino acid 31097.8 ; 34697.1 36563. 1

Control : autolysed
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Table 11. Nitrogenous compounds in the extract of krill sauce prepared from whole
krill (moisture and salt free basis)
Krill sauce preplared with
Control Bromelain Complex enzyme
mg% % to Ex-N mg% % to Ex-N mg% % to Ex-N
Extract-N 7084.0 7560. 1 7658.8
Free amino acid-N 4774.7 67.4 5245.5 69.4 5346.0 69. 8
Nucleotide-N 164.4 2.3 171.6 2.3 210.6 2.7
Betaine-N 98.9 1.4 155.0 2.0 115.8 1.5
TMAO-N 33.7 0.5 38.6 0.5 29.6 0.4
© TMA-N 52.2 0.7 51.1 0.7 50.7 0.7
* Total creatinine-N 177.2 2.5 166.7 2.2 136. 9 1.8
Ammonia-N 448.9 6.4 474.0 - 6.3 513.6 6.7
Recovered-N 81.2 83.4 83.6

Control : autolysed

Table 12. Amino nitrogen(NH,~-N) of krill sauce prepared from whole krill

(moisture and salt free basis, mg%)

Krill sauce prepared with

Soybean sauce

Control

Bromelain Complex enzyme

NH,-N 1648.0

5347.0 5821.9 5923.7

Control : autolysed
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HEAZSE AHA7TAA s A% %+

29 703A E9 @il Table 135 o] 219
AEE Ve e flied Egder £ v
AF AR Z Aolrl glom A#A g H]
MAE Z Aol7b ek 2 ol E AEE Fo
2 gte A4 zp3st 44, 5 dA Sl A
BogERY vlas] 2 A3 Table 14e] Ao} o]
BEMEAD AE2 BEAAZ] dle £40]
does, =g A4 g AR E40] ¢
At

ol A8 Astz wFe] B wf ZY-L BUESHE

Color value of krill sauce prepared from whole krill

Soybean sauce

Krill sauce prepared with

Control Bromelain Complex enzyme
L 12.9 13.1 13.0 12.7
a —1.4 —0.9 —1.1 -1.1
b 1.3 2.0 1.9 1.6
AE 83.8 83.5 83.7 84.2

Control : autolysed
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Table 14. The results of sensory evaluation of krill sauce perpared from whole krill

Soybean sauce

Krill sauce perpared with

Control Bromelain Complex enzyme
Odor 2.7 3.4 3.5 3.4
Taste 2.5 3.6 3.7 3.7
Color 3.2 3.4 3.4 3.6
Overall acceptance 3.0 3.8 3.8 3.9

Control : autolysed

Score : 5 ; very good, 4;good, 3; fair, 2;poor, 1; very poor

e T ‘%%?_ BEE{tTe2E AR R
o W EAPE s HEYE £ Jdan 44
HejA e

AR o A4sta v L% BEHERE
Q 29g uo A Koz ogad A
k8] SR Aug AER 3t 2apAd] &A e
o] 2 HREMIERY BEARSEEREZA
bzt @%)%E RE A vHA R aded FRY
E % A7beke ARG AL <o BEINKS By

REEMS AT obed AR BERS

79?51—9&“}-
BEMNLS 938 794 bromelain, complex en-
AhG Wb B 52.5°CAA AqeAE
Wi, SHERES KMol Asiges], B
EEE= bromela1n4 49-0.5 %, complex enzy-
med 5 %7k A FRvh 2z s pHe BRBMIG
Aot SIS Ate
7.0~7.5, bromelaing FHslsled HEs9L Qe
6.54-Tofj A Z4A Fade] =gheh. ol 9hxke EREM
KREOBGRAAA 2485 BREMAZ £ 100°C, 20

oM E “Suéi]-%‘l' od A A ks el A0
£AO0 501 $25E H)E Bk
B pepst A sl 37°Col 4] grez
R , NAEY 4 gledo g obA s}
S ER LA 2L 2l AW W05 55
8 A 2EES 9342 ¢
»;19,14 R 77"%}4 BEOEMARS BEES BRMER
9l A9 83.2 %, bromelain® 7} 89.7 %, comp-
lex enzymed 7} 7= 92.7 %ol v,  HEMILLE,
bromelain ¥ complex enzymedr}o] &a] #li
R 2R el B T AP BE AL

T«

¢

o >t£ o Lu ir oz

N

yme$

complex enzymeg-

lysine, arginine, leucine, alanine @
valineo 2 A =1 kol w] :lBel] 3] Z7 58.8 %,
56.0 %, 55.3 %% AAsG. 2elz R A58
ol isked wole ol AASE g A
67.4 %, 69.4 %, 69.8 %olgirl. HBRRBYE
F&ol 714 B 22 hypoxanthineo| gl 2, =&l
5-IMP¢gl ;. TMAO, betaine, % creatinine® 3F
o] Al BBREHRE BREBEAAAL =¥
& EEERA T Zolv A4 FakAel ¥ sk
el A ol gla fFEte] £ W A&
& = ke ABE oAk

proline,
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