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ABSTRACT

Semi-dried isada krill (Euphausia pacifica) was treated with boiling water and subcritical water
at 100-240°C for 10 min with a semi-dried krill to water ratio of 8/52 w/v to produce seasoning.
The protein concentration, lipid content, and odor concentration of the extract increased on
increasing the treatment temperature. The highest protein content of the extract (0.047-0.049
kg/kg-extract) was obtained by subcritical water treatment at 180 or 200°C. Compounds with

lower molecular mass were detected in the extracts derived from subcritical water treatment at



temperatures higher than 160°C. The extract prepared by subcritical water treatment at 160 and
180°C received the high score in the flavor preference test by a group of panelists. Treatment at
temperatures lower and higher than 160-180°C, respectively, conferred undesirable fishy and
smoky or burnt odors to the extracts and residues.
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PRACTICAL APPLICATION

Although isada krill is abundant in the Sanriku coast, Japan, its usage is limited to low-value-
added products such as animal and aquaculture feeds. However, we found that subcritical water
treatment of the krill produces an extract solution and a solid residue, both of which possess
good flavor and proffer a great prospective for use as seasoning. Establishment of a method for
using the krill as a raw material for seasoning with shrimp-like flavor would increase the value of

the krill as a food resource for human consumption.

INTRODUCTION

Krill is a small shrimp-like crustacean and is found in all oceans. It plays an important role as a
food for larger animals in the oceanic food chain (Gascon and Werner 2005). Isada krill
(Euphausia pacifica) is the Pacific krill found mainly around the Sanriku coast, Japan.
Approximately 70,000 t of isada krill is harvested annually for use in animal feed, aquaculture,
and human consumption in Japan (Nicol and Endo 1997).

Most of the harvested krill is used as animal feed. Krill meal is utilized as a protein source in
the feed of a number of marine organisms such as salmon, trout (Budzinski et al. 1985), red sea
bream (Shimizu et al. 1990), yellow tail, and shrimp (Nunes et al. 2010). Moreover, krill extract
provides a supplement oil rich in eicosapentaenoic acid (EPA), docosahexanoic acid (DHA),
astaxanthin, and essential amino acids (Tou et al. 2007). However, krill is not used extensively
for human consumption, despite the fact that it is a promising food resource that is widely
available and high in nutritional value.

Subcritical water is water that maintains its liquid state in the temperature range 100-374°C
under pressurized conditions. The extraction capacity of subcritical water is contingent on its
characteristic properties of low relative dielectric constant and high ion product (Tavakoli and



Yoshida 2006; Yoshida et al. 1999; Pourali et al. 2009). Recently, the hydrolysis of organic
wastes or unused resources with subcritical water has gained prominence as a potential means of
converting such matter to usable substances such as saccharides, fatty acids, phenolic
compounds, amino acids, and proteins. Subcritical water treatment has been applied to rice bran
(Pourali et al. 2009; Wiboonsirikul et al. 2007), poultry waste (Zhu et al. 2010), squid viscera
(Uddin et al. 2010), and Baker’s yeast cells (Lamoolphak et al. 2006) to produce useful
substances.

In this context, subcritical water treatment of isada krill is investigated herein for the

production of seasoning with shrimp-like flavor.

MATERIALS AND METHODS

Materials

Semi-dried isada krill (Euphausia pecifica) was purchased from Kinoya Ishinomaki Suisan
(Miyagi, Japan). The krill contained 0.33 g/g (w.b.) of water and 0.0308 g/g (w.b.) of lipid. The
semi-dried krill samples were packed in 10-g vacuum aluminum foil bags and kept at -20°C prior
to use. Diethyl ether and bovine serum albumin (BSA, 99% purity) were purchased from Wako
Pure Chemical Industries (Osaka, Japan). Folin-Ciocalteu reagent was purchased from ICN

Biochemicals (OH, USA). Other reagents were of analytical grade.

Boiling and Subcritical Water Treatment of Isada

Eight gram of the semi-dried krill and 52 mL of distilled water were loaded into a 100-mL
pressure-resistant vessel (Taiatsu Techno, Osaka, Japan) and heated to the desired temperature
(100-240°C) for 10 min using a mantle heater (200 W, Heater Engineer, Tokyo, Japan) and a
TXN 700B thermo-controller (As One, Osaka, Japan). As a control treatment (boiling), the krill
(24 g) was combined with 156 mL of distilled water in an open aluminum pot and boiled for 10
min. After subcritical water treatment or boiling, the vessel or aluminum pot was immediately
cooled in an ice-water bath. The extract was filtered through an Advantec No. 2 filter paper
(Toyo Roshi, Tokyo, Japan) under reduced pressure. All the wet residue was packed in a nylon
sheet bag (25 x 100 mm) and was pressed at 7.86 MPa using a hydraulic press. The obtained
liquid was pooled with the filtered extract. Boiling and subcritical water treatments were



performed in triplicate.

Moisture and Solid Contents

The residue and extract obtained by pressing were immediately subjected to the analyses of the
moisture and solid contents. The moisture content of the krill residue was determined by the
oven-drying method (lleleji et al. 2010). The sample was dried in a hot-air oven at 135°C for 2 h.
The solid content of the krill extract was also determined by the same method.

Lipid Content

The lipid content in the krill extract or residue was determined by Soxhlet extraction (AOAC
2006). Prior to analysis, the residue was dried in the dry oven at 105°C for 4 h and ground. The
lipid in extract (1.0 g) dehydrated with sodium sulfate (2.0 g) or residue powder (1.0 g) was
extracted with diethyl ether (100 mL) in a conventional Soxhlet apparatus for 10 h. The
remaining solvent was removed by drying in a hot air oven at 90°C until constant weight was

attained.

Protein Content

The protein content of the krill extract was determined by the Lowry-Folin method (Lowry et al.
1951). Briefly, the krill extract was centrifuged at 6000 rpm (4270 x g) for 20 min. The
appropriately diluted supernatant (0.4 mL) was mixed with Lowry reagent (2 mL) and 50% (w/v)
of Folin reagent (0.2 mL) and left at room temperature for 30 min. The absorbance of the
mixture at 750 nm was measured for the determination of the protein content. BSA solutions

with concentrations ranging from 100 to 500 mg/L were used to obtain a calibration curve.

Freezing Point Depression

The krill extract was filtered through an Advantec No. 2 filter paper. The extract would contain
much kind of molecules at different concentrations. As an indication of the overall molality of
the extract, its freezing point depression was measured using an osmometer (OM802, Vogel,

Kevelaer, Germany).

Size Exclusion Chromatography



The extract was subjected to size-exclusion chromatography (SEC) using an HPLC system
(SPD-10A pump and SPD-10A UV-Vis detector, Shimadzu, Kyoto, Japan) equipped with a
YMC-pack Diol-120 column (500 x 0.8 mm i.d., YMC, Kyoto, Japan) at ambient temperature.
Distilled water (flow rate: 1.0 mL/min) was used as the mobile phase. The krill extract was
centrifuged at 6000 rpm for 20 min and filtered through a 0.45-um syringe filter before injecting
17 uL of the sample into the column. The elution profile was monitored at the wavelength of 280
nm. The elution time was related to molecular mass using the calibration curve provided by the
manufacturer (YMC general catalog 2007/2008, YMC, Kyoto, Japan).

Odor Concentration

An odor concentration meter (XP-32911IR, Cosmos, Tokyo, Japan) was used to measure the
concentrations of volatile compounds from the krill extracts and residues. The instrument detects
odor molecules using a tin dioxide thermal semiconductor sensor (Watts 1992; Sweeten et al.
1999). The krill extract (1 mL) or krill residue (1 g) was placed in a 5-mL amber glass bottle. The
bottle was capped and incubated at 25°C in a water bath for 10 min. The cap was opened at the
preset incubation time and the electronic probe was then immediately placed on the opening of
the bottle until a constant signal was attained. The odor concentration was expressed as odor

unit/mL of head space.

Flavor Preference Evaluation

The extract (1 mL) or residue (1 g), placed in an amber bottle, was presented to 10 untrained
panelists for flavor preference scoring. Flavor characteristics (shrimp-like, fishy, smoky and
burnt flavor) of the samples were evaluated as the overall preference score using the 5-point
hedonic scale (-2: dislike very much, -1: dislike, O: neither like nor dislike, +1: like, and +2: like
very much). The scores were presented as the mean + SD and analyzed the difference by analysis
of variance (ANOVA) using SAS version 9.0 (SAS Institute, Cary, NC) for randomized complete
block design (RCBD) at the p < 0.05 level.

RESULTS AND DISCUSSION

Appearance



Semi-dried isada krill was boiled or treated with subcritical water in the temperature range 100-
240°C for 10 min. Figure 1 shows the photographs of the krill extracts and residues treated at
various temperatures. The krill extracts obtained by boiling and subcritical water treatment at
100-140°C were light yellow, whereas the extract prepared at 160°C was reddish-yellow. The
extracts prepared at higher temperatures gradually became brownish-yellow, and the extract
prepared at 240°C was dark brown. The residues from subcritical water treatment at low
temperatures were reddish-pink, similar to the residue of boiled krill. The residue from treatment
at 160°C was light brown, and a dark brown residue was obtained from treatment at 240°C.
Astaxanthin is a natural carotenoid found in krill. In krill, it is normally conjugated with
chromoprotein; this conjugate is degraded by cooking, leading to the development of a reddish
color in cooked krill (Goodwin 1960). These results indicate that more astaxanthin is extracted
from the krill by subcritical water treatment at higher treatment temperatures. The dark brown
color obtained with higher treatment temperatures results from the products of browning

reactions such as the Maillard reaction or caramelization of sugars (Plaza et al. 2010).

Yields of Krill Extract and Residue

Boiling and subcritical water treatment of semi-dried krill followed by hydraulic pressing yielded
two fractions: aqueous krill extract and solid krill residue. Figure 2 shows the yields of the krill
extract and residue obtained at different treatment temperatures. The overall yield, which was
defined as a sum in yield of extract and residue, obtained by boiling was approximately 0.75
kg/kg-mixture, because some water was lost by evaporation during boiling using the open pot.
The yield of the residue from the boiling treatment was 0.20 kg-wet residue/kg-mixture, whereas
the yield obtained from the subcritical water treatment decreased with increasing treatment
temperature. Notably, the yield declined significantly at treatment temperatures higher than
140°C. The yield of the extract increased at higher treatment temperatures. The respective
increase and decrease of the yield of the extract and residue with increasing temperature indicate
that subcritical water promotes the extraction and decomposition of components more efficiently
at higher temperatures.

Properties of Krill Extracts

The total solid, lipid, and protein contents, the freezing point, and molecular mass distribution



were determined for the extracts prepared by boiling and subcritical water treatment at various
temperatures. The lipid content of the extract obtained by boiling using the open pot (0.0053
kg/kg-extract) was similar to that obtained by treatment at 100°C using the closed vessel (0.0068
kg/kg-extract). The lipid content increased gradually with increasing temperature, and the
highest lipid content of 0.0121 kg/kg-extract was achieved by treatment at 240°C (Fig. 3). This is
because subcritical water has a higher capacity to dissolve lipophilic substances because of its
lower polarity (Khuwijitjaru et al. 2002). In addition, the lower surface tension and viscosity of
subcritical water at higher temperature may facilitate extraction under subcritical conditions
(Pourali et al. 2009).

Figure 3 also shows the protein content of the extracts obtained by boiling and subcritical water
treatment at various temperatures. The protein contents of the extracts prepared at 100°C using
the open pot and closed vessel were similar. The protein contents of the extracts obtained from
subcritical water treatment increased with increasing treatment temperature. The highest protein
content of 0.047-0.049 kg/kg-extract was obtained at 180-200°C; the protein content of the
extract decreased at higher temperatures. These results are consistent with those of previous
studies. For example, Wiboonsirikul et al. (2007) reported that the protein content of rice bran
extract obtained by subcritical water treatment increased as the treatment temperature was
increased from 50 to 200°C, with a marked decrease at the treatment temperature 250°C. The
increase in the protein content of the extracts is indicative of the hydrolysis of proteinaceous
substances in the krill to soluble peptides and amino acids (Yoshida et al. 1999). The decrease of
in protein content of the extract at 220 and 240°C indicated that the proteinaceous components
were further decomposed or converted to other products. For example, amino acids may react
with carbohydrates to form brown products via Maillard reaction.

The total solid content of the krill extract increased with increasing treatment temperature and
reached a constant value of 0.073 kg/kg-extract (Fig. 3). The freezing points of the subcritical
water extracts decreased with increasing solid content. The total solid was almost constant
between 200 and 240°C, but the freezing point of the extract decreased at those temperatures.
These facts indicate that molecule in the extract would be converted to small ones at high
temperature. The freezing point of the extract obtained by boiling was significantly lower than
those of the extracts derived from subcritical treatment at various temperatures (except at 240°C),

because the solid content of the extract obtained by boiling was higher than those of the extracts



derived from subcritical water treatment owing to evaporation of water during boiling.

Molecular Mass Distributions

SEC was used to qualitatively determine the molecular mass distribution of the extracts (Fig. 4).
Boiling and subcritical water treatment at 100-140°C led to similar chromatograms, i.e., a group
of peaks was present at retention times of 6-13 min which corresponded to molecular mass of
10°-108 Da and another large peak was observed at 19.3 min (10* Da). For subcritical water
treatment at >160°C, the intensity of the group of higher molecular mass (10°-10® Da) became
significantly higher because of the increased solid content of the extracts (Fig. 3). In addition,
several peaks of molecular mass of 10*-10° were observed; some small peaks of molecular mass
of 10 kDa were also detected after 20 min. These results indicate that a greater number of lower-
molecular-mass (molecular mass < 10 kDa) compounds were produced at higher temperatures,

although the compounds were not conclusively identified.

Properties of Krill Residues
Moisture content analysis of the pressed residues was performed via the hot-air oven method.
The moisture contents of the residues obtained at 100°C using the open pot and closed vessel
were almost the same (Fig. 5). The moisture content of the residues obtained by subcritical water
treatment at 100-140°C was ca. 0.21-0.28 kg-H.O/kg-dried residue; the value gradually
decreased with increasing treatment temperature. This is ascribed to the destruction of the
cellular structures of krill by heat and pressure, resulting in the loss of water-binding capability.
The lipid contents of the dried krill residues were determined after hot-air oven drying (Fig. 5),
because the lipid content of the residue obtained using the open pot was almost the same as that
of the residue prepared at 100°C using the closed vessel. The lipid remained in the dried residues
obtained by using subcritical water at 100-240°C (0.053-0.161 kg/kg-dried residue). Although
many substances were extracted into the extract solution during subcritical water treatment at
high temperature, the lipid would remain more in the solid residue than hydrophilic substances.
The lipid content was defined as kg-lipid/kg-dry residue. Therefore, the higher lipid content in

the residue treated at higher temperature would be ascribed to less amount of the dry residue.

Odor Concentration and Flavor Preference



The flavor of the extract and residue is an important characteristic for their use as seasoning. The
suitability of the extract and residue as seasoning was analyzed on the basis of odor
concentration measurement and flavor preference evaluation. The odor intensity increased
gradually with increasing treatment temperature for both the extract and residue (Fig. 6(A)) with
a more pronounced increase in the case of the extract. This might indicate that the volatile
compounds are easily dissolved in water.

Figure 6(B) shows the flavor preference score of the extracts and residues prepared at different
temperatures. The extracts and residues were presented to 10 Japanese panelists who scored and
described the characteristics of the flavor of each sample. Boiling using the open pot and
treatment at 100°C using the closed vessel imparted a fishy odor to the samples accompanied by
a low preference score. Giogios et al. (2013) evaluated the volatile compounds of the shrimp
solution extracted via simultaneous steam distillation, and showed that the extract contained
sulfur-compounds and amines that impart a fishy odor. The highest preference scores, which
reflected the property of shrimp-like flavor, were given for the extracts and residues obtained at
160 and 180°C. The Maillard reaction is inextricably linked to the desirable flavor and color
characteristics of thermally processed food (Mottram 2007). The Maillard reaction during the
thermal treatment results in the formation of many volatile compounds such as aliphatic
compounds, alcohols, ketones, and pyrazine (Ba et al. 2012). The low preference scores for the
severe treatments at 200-240°C may be ascribed to the detection of smoky and burnt flavors. It
is possible that the subcritical water treatment at elevated temperature produced an off-flavor
because of protein hydrolysis. Therefore, the extract obtained by subcritical water treatment at

160 and 180°C is deemed suitable for use as food seasoning.

CONCLUSIONS

The protein content, freezing point depletion, and odor preference score of krill extracts and
residues prepared by boiling and subcritical water treatment at various temperatures differed on
the basis of the conditions employed. There were tendencies that high protein content and flavor
preference score were achieved by subcritical water treatment at 160 and 180°C. Therefore, we
concluded that the subcritical water treatment at 160 and 180°C for 10 min produces a krill

extract and residue that can be used as seasoning.
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