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The purpose of this paper is to develop a colorant from krill, Euphausia superba, process
wastes for use in food products. Carotenoproteins were extracted from preboiled krill pro-
cessing offal(PKPO) and raw frozen krill processing offal(RKPQ) with the aid of proteoly-
tic enzymes. The long-term stability of the astaxanthin associated with the carotenoprotein
by the addition of protease inhibitor and antioxidant to the product were also investigated.

Total astaxanthin contents of PKPO and RKPO were 35.1mg%, 22.1mg% and those in
carotenoproteins were 98.6mg%, 61.9mg%, respectively. The chitin contents of PKPO and
RKPO were 6.9%, 4.5%, however, those of carotenoproteins were not determined.

When 0.5% trypsin was added to the extraction medium containing 0.5M Na;EDTA at
4T, 74% of astaxanthin and 83% of the protein of PKPO were recovered as carotenopro-
tein in 24hrs.

The amino acid profile in carotenoprotein was mainly composed of glutamic acid, me-
thionine, aspartic acid and isoleucine. Their contents amounted to about 40% of the total
amino acids, followed by alanine, phenylalanine, lysine, leucine, threonine and tyrosine in
that order, with a small amount of cysteine and tryptophan. The levels of essential amino
acids were high as much as 38.3% ~43.6% of the total amino acids.

The maximum observance of the carotenoid fraction from krill processing offal and from
carotenoprotein was 469nm in petroleum ether. The separated components of carotenopro-
tein by TLC had Rfs 0.20~0.23, 0.56~0.60 and 0.88~0.91. The carotenoids were compri-
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sed of astaxanthin, astaxanthin monoester and asthaxanthin diester in 25~30%,

and 40~45%, respectively.
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The loss of carotenoids in the carotenoprotein can be prevented by the addition of pro-
tease inhibitor(trasylol) and antioxidant(BHT) below 4T.
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Krill, Euphausia superba, S 1987'3 12¢€ 3¢~
1988d 1€ 19 Aboldll 9 (FE#E) 58°~62°, A
7 (FER) 45°~65°9 dulFelA ol g3t FA -
60CoA EZAARZF Aoz 19883 6¢ 20
AFAUCYE &4 100C2 B B 58 A
&g A} vAlg AlRY & AAdA AFH
ata ¢ FALE 52 7AZ(DURA-DRY corrossion
resistant Freezer-Dryer, F. T. S. System Inc.)3}<
-30CY FH3d AAgste Fu A@starch
Krille] Z7] 2 ®A= 4ZF 39~62mm, 02~2.3¢
o] et

o
o
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Carotenoprotein® %2 Jeneks$ Buten(1964)
9 wWlo] uwlgl =ZE7FEF FA} 499 05M Nag
EDTA(-4T) €9 30miS 7138l @2 7](Ace ho-
mogenizer AM-6, 2,000 rpm, 2min) £ FA3}A]F)
o}, #A Y trypsin(11,000 units, from bovine pa-
ncreas Type II, Sigma), papain(19 unit/mg solid,
from papaya latex, Sigma), pepsin(1: 10,000, Naka-
rai Chemical LTD) % protease(0.6 units, from As-
pergillus saitoi Type M, Sigma)E Al S ol o s}
of 247z} 005%, 02%, 05%, 1% (w/w) & 78 &
AGGLF2(4 )N 7HEA1Z F cheesec-
loth® &tz 1 e F/F 20miz AR
o d& ooz E{ste 2N HCl €902 pHE
758 ZASTh o7l £E #AUEFS 7t}
o 45%E EfMﬂ oS AAEe(2,200%g, 20
min) 3 T I AAE} smM U4tEE A (pH 7.0)
20mi< 7}6}@1 ?ﬂ‘é}*}ﬁ A2HUT)NN L &
Fdo g 24AIZF A (FA 552 8) e caro-
tenoproteins &3ttt F28 carotenoprotein
& FARAARAND F 44 o8I AN(Fig. D.
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Krill waste: 0.5M NaEDTA(1: 3 w/v)
Homogenization at moderate speed for 5min
Homogenate + Protease (25mg/50g krill waste)
Agitation at 4 for 24hrs

Digested homogenate

Filtration{cheesecloth)

1
Residue

Filtrate
pH 7.5 control with 2N HCI or 2N NaOH
Saturation with solid ammonium sulfate

Centrifuge(2,200Xg, 20min)

1
Residue Supernatant
Dialysis against 45% phosphate buffer

(pH 7.0) for overnight

Carotenoprotein

Fig. 1. Scheme for the recovery of carotenoproteins

from krill offal.
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Simpson® Haard(1985)& )% 712 H 7)1 8o A

Proximate composition, chitin and total Astaxanthin of freeze-dried krill Waste, krill carotenoprotein and

(wet weight basis, %)

Krill Waste Krill Carotenoprotein Residue

Component

o , ~_Cooked  Uncooked Cooked  Uncooked Cooked  Uncooked
Crude protein 496 54.1 70.2 63.9 12.0 13.6
Pure protein 43.0 49.0 66.5 61.0 ND ND
Crude fat 94 7.3 136 15.9 39 49
Ash 19.5 17.2 8.1 7.7 20.9 228
Moisture 6.0 6.5 35 39 48 46
Carbohydrate* 15.5 14.9 46 36 589 56.1
Chitin 6.9 4.5 0 0 559 54.2
Total astaxanthin(mg %) 35.1 22.1 98.6 619 ND ND

Note: Data are average values of duplicate determination.

*. Carbohydrate calculated by difference and represents chitin and other minor solids.

ND: not determined.
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38 HFHES 18T Carotenoprotein® FEZ 2 FAWFAY #I AT
Table 2. Amino acid composition of carotenoprotein (g/amino acid/16gN)
. . Cooked Uncooked
Amino acid
) Control BT-treated Control BT-treated
Ala 6.30 (7.51) 641 (7.72) 3.85 (4.38) 2.37 (323)
Arg 242 (5.90) 5.04(12.42) 7.27(16.92) 4.63(12.90)
Asp 12.06 (9.62) 10.00 (8.06) 8.15 (6.21) 10.57 (9.64)
Cys 044 (0.39) 043 (0.38) 0.45 (0.38) 044 (0.39)
Glu 13.93(10.05) 12.94 (944) 1026 (7.07) 10.14 (8.37)
Gly 2.87 (4.06) 2.71 (3.88) 7.26 (9.81) 4.11 (6.65)
His 7.37(15.13) 4.09 (8.49) 2.88 (5.65) 2.14 (5.01)
Tle 8.12 (6.57) 7.75 (6.34) 345 (2.67) 387 (358)
Leu 541 (4.35) 5.86 (4.79) 7.33 (5.66) 771 (7.13)
Lys 7.02(10.20) 621 (9.12) 5.99 (8.31) 540 (8.97)
Met 7.38 (5.25) 832 (5.99) 4.79 (3.16) 478 (3.89)
Phe 5.39 (346) 6.23 (4.05) 4.72 (2.90) 536 (3.94)
Pro 2.74 (2.53) 3.17 (2.96) 10.62 (9.36) 549 (5.79)
Ser 474 (4.79) 458 (4.68) 4.69 (4.53) 453 (5.23)
Thr 544 (4.85) 543 (4.89) 5.49 (4.67) 5.55 (5.66)
Trp 0.70 (0.73) 0.78 (0.82) 0.76 (0.75) 0.85 (1.01)
Tyr 4.42 (2.59) 529 (3.13) 4.47 (2.50) 4.36 (2.92)
Val 2.24 (2.03) 3.08 (2.82) 5.77 (5.00) 544 (5.64)
(' ):mol %
BT: Bovine pancreas trypsin
Table 3. Thin layer chromatography of carotenoid extracts
Sample Spot® Wﬂe nlg;'gth Erfllélttllnvtes Rf Tentative
absorbance (% )b values identification
(nm
I 469 25~30 018~020  Astaxanthin
Cooked Krill 2 469 35~40 055~058  Astaxanthin monoester
waste 3 469 40~45 090~092  Astaxanthin diester
, R 469 25~30 020~023  Astaxanthin
Cooked Krill 2 469 35~40 0.56~0.60  Astaxanthin monoester
carotenoprotein 3 469 40~45 091~093  Astaxanthin diester
o 1 469 20~25 0.19~021  Astaxanthin
Uncooked Krill 2 469 35~40 0.54~0.56 Astaxanthin monoester
waste ) 3 469 40~45  091~093  Astaxanthin diester
’I;ncooke; kﬁn R 1 469 20~25 0.16~0.18  Astaxanthin
. 2 469 35~40 0.50~0.54 Astaxanthin monoester
carotenoprotein 3 469 40~45 0.86~0.88  Astaxanthin diester

Note: Data represent ranges obtained for six determinations.

2In all cases, three distinct components were separated from the extract.

b Relative amount estimated by TLC Scanner.
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