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Studies on the Proteases of Antarctic Krill Euphausia

superba—Activities and Stability

Ching-San Cuen*, Shwu-Wen Gau* and Tsong-Rong Y an

SUMMARY

Crude extract and purified krill proteases, tentatively called proteases
A;, A;, B, C and D were used for this study. A,, B, C and D belong to
trypsin-like enzymes, while the substrate specificity of A; has not been fully
characterized.  The specific activity of the crude extract was an order of
magnitude higher than samples from other sources. The purified proteases
except for protease D, had lower proteolytic activity than the mammalian
enzymes. The proteolytic activity decreased in the following order: D>C>
A;>B>A,. Protease D had proteolytic activity in the same order of
magnitude as those of bovine trypsin and chymotrypsin. On the other hand
the esterase actvities of C and D were in the same order of magnitude as
that of bovine trypsin, whereas A, and B had much lower esterase activities.

Optimal pH of the crude extract was 8 and optimal temperature around
50°C. The crude extract was labile at higher temperatures. The activity
decreased remarkably when incubated at temperatures above 40° C for 10
min. However, it was stable if stored frozen, lyophilized or in saturated
ammonium sulfate. Studies on stability of krill proteases revealed that the
crude extract should be stored at -20° to -30° C, whereas proteases in either
saturated ammonium sulfate solution or lyophilized form could be stored at
5°C. The latter also could be stored at 20° C with only minor loss of
activity. ‘

* Institute of Botany, Academia Sinica, Nankang, Taipei, Taiwan, R.O.C.

** Graduate School of Marine Food Science, Taiwan Provincial College of Marine
Science and Technology, Keelung, Taiwan, R.0.C.
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INTRODUCTION

An increasing demands of the growing population in the world for
improved diet would eventually result in a shortage of foods, more
specifically proteins.  Therefore, providing human being with high-quality
protein foods is one of the main problems of today. According to estimations
made by different investigators, the total resources of Antarctic krill in the
South Ocean amounts to an astronomical figure of 0.6 to 2 billion tons. In
addition, it has been reported that the biomass of the Antarctic krill is as
high as 10 to 15 kg/m?®. High abundance and formation of massive concentrations
point to strong possibilities of the commercial utilization of krill resources.
The potential annual catch estimated by FAO is 50 to 70 million tons'. In
view of such abundant krill resources and its strong possibility of serving as
protein source for human consumption, our government had sent Hai-Kung
Research Vessel to the Antarctic Ocean for exploration of resources in that
area in December 1975 and brought back 136 tons of krill. The event, a
milestone in the history of Chinese fisheries, thus initiated the active
participation of Chinese in the exploitation of Antarctic resources.

In utilization of krill as a new source of portein food one faces the
problem of rapid spoiling of krill resulting from blackening and autolysis
presumably caused by tyrosinase and proteases, respectively®®. It was
reproted that within two hours on deck krill turned pale in color, lost
transparency and became soft and fabby, with the cephalothorax turning
dark. Judging from the unusual rapid autolysis of krill, it is suggested-that
krill may contain some highly active proteases. Studies on the krill proteases
could provide useful information for preservation of fresh krill on the one
hand and might make the enzyme practically applicable to food processing
or medical field on the other hand. In this paper we present the proteolytic
and esterase activities of purified proteases from krill as compared with that
of some commercially available proteases. Stabilities of the crude proteases

of krill under different storage conditions are also described.



MATERIALS and METHODS
Materials

Trypsin, chymotrypsin, papain, casein, hemoglobin, bovine serum albumin,
benzoyl-L-arginine ethyl ester (BAEE) and p-toluenesulfonyl-L-arginine methyl
ester (TAME) were purchased from Sigma Chemical Company. All other

chemicals were reagent grade.

Antarctic Krill

Freshly frozen krill, Euphausia superba, which were captured in January
1976 at the Antarctic Ocean and stored frozen at-40°C was provided by
Taiwan Fisheries Research Institute and stored at-30°C until use.

Extraction of Proteases

Preliminary experiment showed that 0.1M phosphate buffer, pH 7.0, was
superior to other three extraction media tested for extraction of proteases
from krill. Therefore phosphate buffer was employed. One hundred gram
of frozen krill were suspended in 200 ml of 0.IM potassium phosphate
buffer, pH 7.0 and homogenized in a Waring blendor. The insoluble material
was removed by centrifugation at 7500x g for 20 min. The supernatant was

dialyzed against the same buffer. All steps were performed at 5°C.

Assay of Proteolytic Activities

1. Casein as substrate: Caseinolytic activity was measured according to
Kunitz method*. One unit of enzyme activity was defined as the amount of
protease caused an increase in absorbance at 280 nm of 1.00 in 10 min.
Specific activity was expressed as unit per mg protein.

2. Hemoglobin as substrate: The method described by Anson was used?.
The denatured hemoglobin was digested for 10 min at 37°C, the reaction was
stopped by the addition of 5% trichloroacetic acid, and the nondigested
hemoglobin was removed by filtration. The amount of split products remaining

in solution was determined spectrophotometrically at 280 nm.  Definition of
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units and specific activity was the same as that for caseinolytic assay.

3. Bovine serum albumin as substrate: Denatured bovine serum albumin
was used as substrate. 1 g of bovine serum albumin was dissolved in 100 ml of
0.1M potassium phosphate buffer, pH 8.0 and heated in a boiling water
bath for 15 min. The assay procedure was essentially the same as that of

hemoglobinolytic assay.

Assay of Trypsin Esterase Activities.

1. BAEE as substrate®: 2.8 ml of 1 mM BAEE in 50 mM Tris-HCI,
pH 8.0 containing 0.02 M CaCl, was measured into a cuvette. 0.2 ml
of properly diluted enzyme solution was added at zero time and mixed
immediately. Absorbance at 253 nm was taken at 30-second intervals. One
unit of BAEE activity was defined as the amount of trypsin resulted in an
absorbance increase of 1.00 per 10 min. Specific activity was expressed as
unit per mg protein.

2. TAME as substrate’: 2.6 ml of 46 mM Tris-HCl, pH 8.1 contéining
11.5 mM CaCl, was measured into a cuvette followed by 0.3 ml of 10 mM
TAME. 0.1 ml of properly diluted enzyme solution was added at zero time
and mixed immediately. Absorbance at 247 nm was taken at 30-second
intervals. One unit of TAME activity was defined as the amount of trypsin
resulted in an absorbance increase of 1.00 per 10 min. Specific activity was

expressed as unit per mg protein.

Protein Determination

Protein was determined by the Lowry method® using bovine serum albumin

as a standard.

RESULTS and DISCUSSION

Specific Activity of the Crude Exiract of Krill

A comparison of the specific activity of the crude extract of krill with
that of some aquatic organisms is shown in Table 1. The specific activity of

the crude extract of krill was one order of magnitude higher than that of the
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Table T. Protease Activities in Some Aquatic Organisms
Euphausia | penacus Macrobrachium Cyprinus
superba japonicus rosenbergii carpio
Speceis : (tiger . (LINNE)
(krill) shrimp) |(giant freshwater prawn)| (carp)
whole krill | muscle cep(l;?;;th— . abdomen muscle
Specific activity ‘
(A 280nm/10min| 3.83x 107! | 1.73x 1072 3.09x 1072 | 4.20x107® |3.93 x 10~ 2r*
/mg protein) }

* JIwata, K., et al. Bull. Jap. Soc. Sci. Fisheries. 40, 201-209 (1974)

** Twata, K., et al. Bull. Jap. Soc. Sci. Fisheries. 88, 1325-1337 (1973)

three samples from other sources.

Optimal pH and Temperature of the Crude Extract

The pH optimum was 8 as shown in Fig. 1. However the hemoglobinolytic

activity distributed over a wide range of pH with a shoulder around pH 5.5-

Fig. 1.
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6.0. The result seemed to indicate that the crude extract contained both
acidic, neutral and alkaline proteases. The data presented in Fig. 2 indicated
that the optimal temperature was about 50°C. It is worth noting that the
crude extract showed 5% of its maximal caseinolytic activity at 0-5°C. This

might account for the rapid autolysis occurred in thawing the frozen krill.
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Fig. 2. Temperature-Activity Profile of the
Crude Extract of Krill

Proteolytic Activity of Purified Krill Proteases

The proteolytic activity of the crude extract of krill was separated into
five proteolytic enzymes, called proteases A;, A;, B, C, and D. A,, B, C,
and D were purified to homogeneity, although A, was only partially purified.
A,;, B, C and D were identified as trypsin-like enzymes, while A; has not
been fully characterized®. The five purified proteases were examined for their
specific activity toward three natural protein substrates—casein, hemoglobin
and bovine serum albumin. The proteolytic activity of four commercially
available proteases which are commonly used in food manufacture and medical

field were also determined for comparison. The results shown in Table II
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Table IT. Comparison of the Activities of Purified Krill
Proteaes with Four Selected Proteases

Spebif ic Activity (unit/mg protein)

Substrate Krill proteases Bovine | Bovine | Hog .
chymo- Papain
A | A, B | C D | trypsin | trypsin | pepsin
Casein 2.56 0.84 2.00: 4.08 9.18 11.85 16.89 — 2.24
Hemoglobin | 10.36 —| 5.40 — 13.03 45.61] 20.53] 54.34 1.50

Bovine serum 3’70‘

albumin — — — 6.32 3.31 1.87, 11.99 1.86

indicated that all of the purified krill proteases except for protease D had
lower proteolytic activity -than the mammalian enzymes. Protease D had
activity in the same order of magnitude as those of bovine trypsin and
chymotrypsin. The caseinolytic activity of the purified krill proteases
decreased in the following order: D>C>A, >B>A,.

Esterase Activities of Purified Krill Proteases

Since krill proteases A,, B, C and D were identified as trypsin-like
enzymes, their activity toward trypsin specific substrates, BAEE and TAME,
were compared with that of bovine trypsin. The results are shown in Table
ITII. The esterase activities of C and D were in the same order of magnitude

as that of bovine trypsin, whereas proteases A, and B had much lower esterase

Table . Esterase Activities of Purified Krill

Protease and Bovine Trypsin

Specific Activity (unit/mg protein)
Substrate Krill Proteases Bovine
A, B C D Trypsin
BAEE 4.35 2.34 182.2 137.7 63.1
TAME 8.70 7.25 132.7 173.5 340




activities. The lower esterase activity of A, cannot be simply explained by
the presence of impurity. A, and B also had lower proteolytic activities as
shown in Table II. Further work is needed to be done in order to clarify
this point.

Even the purified krill proteases showed lower proteolytic activity than
the four commercial proteases, it is worth considering the practical applications
of the krill proteases in food processing and medical field because krill extract
showed high specific activity and the resources of Antarctic krill are

tremendously abundant.

Stability of the Crude Proteases of Krill

1. In liquid form: The crude proteases were labile at higher temperatures.
The activity decreased remarkably when incubated at temperature above 40°C

for 10 min as shown in Fig. 3. Fig. 4 shows the caseinolytic activities of

100 [~

°l of initial activity
3
I

0 I [ I I
30 40 5.0 6.0

Temperature (°C )

Fig. 3. Thermostability of the Crude Extract of Krill

The crude extract was preincubated at various temperatures for
exactly 10 min, cooled to 0°C, and assayed for caseinolytic activity.
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Fig. 4. Stability of the Crude Extract of Krill

—[J— 5°C, —A— -20°C, —O— -30°C.

the crude extract after storage at -30°, -20° and 5°C for various time
intervals. The loss of activity was only 10% after 320 days of storage at
-30° and -20°C, whereas 36% loss was observed for the sample stored at 5°C.
The results showed that the crude extract was quite stable at -30° to -20°C.

2. Lyophilized crude proteases: Dialyzed crude extract was lyophilized
and stored at 20°, 5° and -20°C. The caseinolytic activities of each sample
assayed after different periods of storage are shown in Fig. 5. The results
indicated that lyophilized crude extract had 84%, 95% and 98% of activities
left after storage for 320 days at 20°, 5° and -20°C, respectively.

3. Crude enzymes saturated with ammonium sulfate: The crude extract

was fractionated with ammonium sulfate to obtain three ammonium sulfate
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Fig. 5. Stability of the Lyophilized Crude Krill Proteases
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fractions, 0-50%, 50-75% and >75%. Each fraction was divided into two
parts and stored at 5° and -20°C. An aliquot of each sample was taken and
the specific activity determined after different periods of storage. As shown
in Fig. 6, 81% activity of 0-50% faction and 92% activity of 50-75% fraction
survived from 320 day storage at 5°C, whereas almost insignificant loss of
activity was observed for samples stored at -20°C.

4. Lyophilized ammonium sulfate fractions: Both 0-50%, 50-75% and
>75% ammonium sulfate fractions were divided into three parts, stored at
20°, 5° and -20°C, and assayed for caseinolytic activity after different periods
of storage. The results are shown in Fig. 7. The 50-75% fraction was
more stable than the 0-50% fraction. After storage at 20°C for 320 days,
the former had 83% activity survived, whereas the latter had only 67%
activity left.



SPECIFIC ACTIVITY

Fig. 6.

SPECIFIC ACTIVITY

Fig. 7.
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Stability of the Crude Krill Proteases Saturated with Ammonium Sulfate

5°C -20°C
0-50% ammonium sulfate fraction: —0O— —@—
50-75% ammonium sulfate fraction: —A— —A—
> 75% ammonium sulfate fraction: —{1— —B—-
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Stability of the Lyophilized Ammonium Sulfate Fractions of Krill Proteases
-20°C 5°C 20°C

0-50% ammonium sulfate fraction: —QO— —A— —[]—
50-759; ammonium salfate fraction: —Q@— —A— ~—[§—
> 75% ammonium sulfate fraction: —@— —A— —Mi—
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The following conclusion can be drawn from the stability experiments.
Krill proteases in liquid form should be stored at -20° to -30°C, while that
in saturated ammonium sulfate solution and in lyophilized form could be
stored at 5°C. The latter also could be stored at 20°C with minor loss of
activity.
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Freezing Preservation of Fresh Antarctic Krill

(Euphausia superba)

Shann-Tzong Jianc*, Mao-Song Cuen** and Shyh-Shiuan CHANG**

ABSTRACT

It is well known that the frozen raw krill exudes a lot of drip and
develops darkening discoloration during thawing. In order to reduce drip loss
and prevent the development of darkening discoloration of frozen krill on
thawing, some special pretreatments were employed and the following results

were obtained.

For frozen-thawed Antarctic krill, pretreatments with the mixture of 3%
NaCl and 1.0% sodium erythorbate or 0.2% polyphosphate-2DK (50%
Na-polyphosphate, 50% Na—ﬂyrophosphate) and 1.0% sodium erythorbate for
10 minutes at solution temperature below 5°C showed less drip exudation on
thawing at both 5°C and 25°C than those treated otherwise and no darkening

discoloration was observed until the samples were spoiled.

SUMMARY

Experiments were carried out to find some better pretreatments for
preventing the development of darkening discoloration and reducing the drip
loss from frozen krill. The following results were obtained.

1). When frozen raw krill was thawed at 5°C and 25°C of air temperature
for 24 hours, about 20% and 33% of drip exuded and 30.0mg and 46.7mg of

* Dept. of Marine Fd. Sci., Taiwan Provl. College of Marine Sci. and Tech.
** Dept. of Fish. Tech., Taiwan Fish. Res. Inst.
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total nitrogen was lost with drip, respectively, from 100g of frozen krill. In
the former case black spots appeared at 10th hour and the spots spread to
whole head after 24 hours storage, while by thawing at 25°C the black spots
were observed at 4th hour and spread to head, legs and tail after 24 hours.

2). About 100g of frozen krill samples were immersed in either 0.5% or
1.0% Na-erythorbate solution for 1 hour, and then stored at 5°C and 25°C
of air temperature for 4 days and 1 day, respectively. In no case was
darkening discoloration observed, although the samples were spoiled.

3). Krill samples were incubated at 5°C, 20°C and 40°C for 6 hours and
the rate of autolysis was measured. The decrease in speed of autolysis was
in proportion to the decrease in storage temperature.

4). A number of substances were examined for their inhibitory effects on
the autolysis of krill at 40°C. NaCl, NaH,PO,, polyphosphate-2DK,
polyphosphate-2A, citric acid and Na-citrate showed remarkable inhibitory
effect.

5). The frozen-thawed krill was immersed in a solution containing either
0.2% polyphosphate-2DK and 1.0% Na-erythorbate or 3% NaCl and 1.0%
Na-erythorbate for 10 minutes at solution temperature below 5°C, then dripped
and frozen quickly at body temperature below -18°C. When the frozen
samples were thawed again at 25°C and 5°C of air temperature, drip loss
from frozen krill was reduced from 21.0% to below 8% and from 15% to
below 5%, respectively. No darkening discoloration was observed after 1 day

and 4 days storage, respectively, while the samples spoiled.

INTRODUCTION

Antarctic krill, Euphausia superba, is a small crustacean belonging to the
order Euphausiaceae. It is herbivorous, representing the first trophic level in
Antarctic food chains. It forms the main diet of baleen whales, and is also
a prey for other animals such as smaller humpback, sei, minke whales
crabeater seals, penguins and petrels.” Adult krill attains a length of
40-50mm and swarm in large numbers in the surface layers of the Antarctic

waters during southern summer months. The shortage of provisions all over

— 16 —



the world and human’s demand for high-quality proteins have caused
world-wide interest in the exploitation and ultilization of Antarctic krill.
Tentative estimation shows that from 50-70 million tons of krill could be

harvested annually.®

~Although studies on the exploitation and ultilization of krill have made
progress, but the krill still can not be processed efficiently on board so far,
presumably due to problems of processing equipments, labor, fresh water...etc.
Since krill can only be captured from November to the following February, a
successful freezing preservation technique during the harvest season is definitelv
needed to keep the market supply year round. However, it has been reported
that the frozen krill exudes much drip and develops darkening discoloration
on thawing. The darkening discoloration and drip loss would severely
deteriorate the krill.  Krill with such defects will hardly be accepted by the
public.

According to the investigation by M. Yanasg,® the frozen krill had
only about 40% of edible portion, the remainder were about 30% of drip and
30% of crust portion. Thus, the major problems confronting the krill
processing industry have been the difficulty in prevention of the development
of darkening discoloration and reduction of the drip loss from frozen krill

during thawing.

The objective of this study, therefore, was to develop some practical
methods to prevent the blackening and drip loss.

At the present moment, the precooking freezing method has been
exclusively employed for preventing the frozen krill from the darkening
discoloration during defrosting.  However, preliminary works suggested that
the yields of crude proteins, crude fats and carbohydrates of the product
decreased, resulting from precooking treatment.?,®  In addition, the double
denaturation resulting from cooking and freezing would reduce the ultilization

value of krill.

The mechanism of the development of darkening discoloration in Antarctic
krill has not been fully understood. It, however, is suggested that the

mechanism is similar to that occurred in shrimp or prawn.® Namely, the



existence of an enzyme tyrosinase, and oxygen is responsible for thedarkening
discoloration which is a consequence of melanin formation. In the studies of
lobster,™ it was found that the tyrosinase activity was higher in blood than
in other organs. However, the content of free tyrosine was higher in liver,
gonad and stomach than in blood.

With respect to drip loss from frozen fish, it is well known that the drip
loss is caused by the denaturation of muscle proteins and the histological
damage of muscle during freezing and frozen storage. For the frozen krill,®
the drip loss may be attributed to the higher content of water soluble
constituents, high autolysis enzyme activity (especially, the proteases) and
poor freezing tolerance. Based on the above mentions, it seems likely that
the darkening discoloration and much drip loss of frozen krill on thawing
may be prevented by some special pretreatments, such as rinsing with water
to diminish blood and visceral residue and/or treating with cryoprotective
reagents and antioxidant solutions. This study was based on this conjecture.
The frozen krill was performed with the pretreatments of a mixture of 3%
NaCl and 1.0% sodium erythorbate or 0.2% polyphosphate-2DK (sodium
polyphosphate 50%, sodium pyrophosphate 50%) and 1.0% sodium erythorbate

solution and did demonstrate an efficient results.

MATERIALS AND EXPERIMENTAL METHODS

All Antarctic krill used in this study were fished from the Antarctic
Oceans. They were frozen in an air-blast freezer (air temp. :-40°C, wind
velocity 3.0m/sec) for 8-12 hours at the body temperature below -35°C and
stored at the same temperature until use. The proximate composition of raw
frozen and precooked frozen samples were analyzed. The results were shown
in Table 1.
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Table 1. Proximate composition of raw frozen and
precooked frozen Antarctic krill.

N raw frozen precooked frozen*
moisture 81.3% 84.1%
crude proteins 11.1% 11.3%
crude fats 3.8% 1.8%
carbohydrates 1.9% 0.8%
ash 1.9% 2.0%

* The precooked frozen samples were that fresh krill boiled at 95~100°C of sea
water for 5 minutes and frozen in the same manner as that for raw frozen

samples.

Experiment 1. Determination of drip loss from frozen krill on thawing:

About 400 grams of samples were weighed, thawed at 5°C and 25°C in
air for 24 hours. Then, the drip loss from the frozen krill was determined
by percentage ratio of the weight of drip to the weight of sample. The pH
value of drip and development of darkening discoloration were also examined

by a pH meter and organoleptic test.

Experiment 2. Experiments for preventing the darkening discoloration:

After the pretreatments (see Table 2), the samples were stored at 5°C
and 25°C of air temperature for 96 and 24 hours, respectively. Then, they
were examined for the formation of black spots. Deterioration of organoleptic

quality during storage was also investigated.



Table 2. Conditions of pretreament in the test for .

preventing the darkening discoloration.

wt. of code of . _
sample conditions of pretreatment
(g) treatment

100 G-T soaked in 0.5% sodium erythorbate at 25°C for 1 hour.
100 G-I soaked in 1.0% sodium erythorbate at 25°C for 1 hour.
100 G-I soaked in 0.5% sodium ascorbate at 25°C for 1 hour.
100 G-IV soaked in 1.0% sodium ascorbate at 25°C for 1 hour.

100 G-V soaked in 0.01% butylated hydroxyanisole (BHA) solution
at 25°C for 1 hour

100 G-VI no treatment.

Experiment 3. Effect of the variation of Storvage temperature on the autolysis
of krill:

After being thawed by tap water to 0°C of body temperature, every 10
grams of samples was put into 50ml volumetric flask, 25ml of phosphate

buffer solution (0.1M, pH 7.6) were added, and the mixture homogenized.
These samples were incubated at 40°C, 20°C and 5°C, respectively, for
examination of autolysis.

At an interval of one hour each, the sample was taken out of the incubator.
10ml of 20% trichloroacetic acid (T.C.A) solution was added to stop the
autolysis reaction and made up to 50ml volume with phosphate buffer (0.1M,
pH 7.6). It was allowed to stand at room temperature (about 25°C) for 30
minutes and centrifuged (5,000 r.p.m., 10 minutes). The supernatants were
filtered by using Toyo filter paper No. 5C, and the filtrates were collected and
diluted to twenty-five folds of the original volume. The T.C.A. soluble
constituents were compared by measuring the absorbance at 660nm, according
to the Folin method cited by Kuwano.®



Experiment 4.

Every 10 grams of krill which was thawed by tap water to 0°C of body
temperature was put into 50ml volumetric flask, 30ml of phosphate buffer

autolysis of krill:

(0.1M, pH 7.6) was added and the mixture homogenized.

substances (listed in Table 3) were put into the homogenizer and made up to

50ml volume with phosphate buffer solution.

Table 3.

)

for test of inhibitory effect on autolysis.

Inhibitory effect of wvarious cryoprotective substances on the

Cryoprotective

Kinds and concentrations of cryoprotective substances

wt. of sample

cryoprotective substance

€9

10 added phosphoric acid 0.00sM  0.01M
10 added NaH,PO,-2H,0 0.005M  0.0IM
10 added Na,HPO,:2H,0 0.005M  0.01IM
10 added citric acid 0.005M  0.01M
10 added sodium citrate 0.005M  0.01M
10 added polyphosphate-2A* 0.1% 0.2%

10 added polyphosphate-2DK 0.1% 0.2%

o - added NaCl 0.2% 0.5%

10 added meaton-E** 0.2% 0.3%

10 added sugar 3.0% 5.0%

Pt

* The constituents of polyphosphate-2A was as follows:

Na-phosphate 60%
Na-metaphosphate 229%;
Na-pyrophosphate 2%

** 409, Na-polyphosphate, 60% Na-pyrophosphate.

K-metaphosphate 149

K-pyrophosphate 2%

All of ‘these resulting solutions were incubated at 40°C for 6 hours. 15ml

of 20% T.C.A. solution was added to each solution to stop the autolysis

reaction.

and centrifuged. The supernatants were filtrated using Toyo filter paper No.

They were allowed to stand at room temperature for 30 minutes



5C and the filtrates were collected and diluted to twenty-five folds of the
original volume. The T.C.A. soluble constituents were measured for their
absorbance at 660nm.* The result was shown in percentage relative to the

control group (=100%) for its content of amino acid residues.

Experiment 5. The combined effect of various cryoprotective substances and
antioxidant on the reduction of the drip loss and prevention
of the development of darkening discoloration of frozen krill:

Five hundred grams of frozen krill were weighed, thawed in tap water to

0°C of body temperature, and then treated as follows (Table 4):

Yo e

Table 4. Pretreatment conditions used to test the combined effect
of various cryoprotective substances on reducing drip loss
and preventing darkening discoloration of frozen krill.

code of samples pretreatment condition*

G-I no treatment

G-IL soaked in 0.02M NaH,PO, solution for 10 minutes at
solution temperature below 5°C.

G-Ir soaked in 0.2% polyphosphate-2A for 10 minutes at
solution temperature below 5°C.

G-IV soaked in 0.2% polyphosphate-2DK for 10 minutes at
solution temperature below 5°C.

G-V soaked in 0.02M citric acid for 10 minutes at solution
temperature below 5°C.

G-VI soaked in 3% NaCl solution for 10 minutes at solution
temperature below 5°C.

G-VI soaked in a solution containing 3% NaCl, 0.02M citric

acid and 0.2% polyphospnate-2A for 10 minutes
at solution temperature below 5°C.

G-I soaked in a solution containing 3% NaCl, 0.02M citric
acid and 0.2% polyphosphate-2DK for 10 minutes
at solution temperature below 5°C.

G-TX soaked in a solution containg 3% NaCl, 0.02M citric
acid and 0.02M NaH,PO,:2H,O for 10 minutes at
solution temperature below 5°C.

* Except for G-I, in which 1.0% of sodium erythorbate was added to prevent the
development of darkening discoloration.



After the pretreatments, they were placed in different P.E. box and
frozen to below -18°C of body temperature by using an air-blast freezer (air
temperature: -40°C, wind velocity: 3.0 m/sec), then thawed at 5°C and 25°C
of air temperature. The organoleptic evaluation of developing darkening
discoloration was conducted for 4 days (at 5°C) and 1 day (at 25°C). The
quantity of drip loss from frozen krill was also measured until the body
temperature reached 5°C.

RESULTS AND DISCUSSION

1. Effect of thawing temperatuve on the quality of frozen-thawed kvill on
thawing:

About 400 grams of frozen krill was placed at 5°C and 25°C of air
temperature for 24 hours, and the drip loss from frozen krill, pH value of
drip and the development of darkening discoloration were examined. The
results are shown in Table 5. The quantity of drip loss from frozen krill
was considerably large on thawing at 5°C and 25°C of air temperature.
About 20% and 33% of drip loss were observed on thawing at 5°C and 25°C
of air temperature, respectively. In addition, one hundred grams of frozen
krill had 30.0mg and 46.7mg of total nitrogen loss with drip on thawing at
5°C and 25°C of air temperature respectively. From these results, it is
clear that the weight of frozen raw krill was remarkably reduced as a result
of drip loss on thawing, and the nutrition and flavor elements had also been
lost concomitantly with drip. The nutritive value and flavor did lose in spite
of these treatments and the quality of frozen raw krill was deteriorated.

From the results of the development of darkening discoloration in the
sample thawed at 5°C of air temperature it was observed that after 10 hours,
black spots appeared and extended to all over the head after 24 hours. While
in the sample thawed at 25°C of air temperature, the black spots appeared
after 4 hours and extended to head, legs and tail after 6 hours and remarkably
extended to all over the body after 10 hours. It was also known that the
deterioration in freshness of the sample thawed at 5°C, from the results of

pH determination, was slower than those of the sample thawed at 25°C.
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The results obtained from these experiments suggested that the quality of
the samples thawed at 5°C was superior to the samples thawed at 25°C.
Especially in case of thawing a large amount of sample, the surface portion
of frozen krill had already deteriorated, while the internal portion still did
not defrost completely.

2. Effect of various antioxidants on the prevention of development of

darkening discolorution of frozen krill:

The inhibitory effects of two kinds of water-soluble antioxidants and
B.H.A. (oil-soluble antioxidant) on the development of darkening discoloration
. were investigated by organoleptic estimation. The results are presented in
Table 6. Being stored at 5°C, the treatments with 0.5% and 1.0% of sodium
erythorbate prevented the development of darkening discoloration for as long
as 4 days, while the treatments with 0.5% and 1.0% sodium ascorbate could
only retard the development of black spots for 2 and 3 days, respectively.
The 0.01% B.H.A. solution treatment had the black spots appeared after 2
days, on the contrary, the darkening discoloration occurred in the control group
as early as 6th hour after experiment started. At 25°C, the treatments with
0.5% and 1.0% sodium erythorbate effectively prevented the development of
darkening discoloration for as long as 24 hours, while the 0.5% and 1.0%
sodium ascorbate treatment had black spots appeared after 24 hours. The
0.01% B.H.A. had blackening spots shown after 10 hours, while the control
group had black spots occurred after 4 hours storage.

It was known from these experiments that for preventing the development
of darkening discoloration, the treatments with 0.5% and 1.0% sodium
erythorbate were the most effective, 0.5% and 1.0% sodium ascorbate were
effective, and 0.01% B.H.A. was less effective.

3. Effect of storage temperature on the autolysis:

Although the krill was caught at very low temperature in Antarctic
Oceans, the extent of autolysis developed very rapidly to cause a severe drip
loss during thawing.® In order to investigate the effect of storage temperature
on autolysis of Antarctic krill, the autolysis of krill samples at 5°C, 20°C and
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Fig. 1. Effect of the storage temperature on the extent of
autolysis of Antarctic krill.

40°C was compared by determining the content of T.C.A. soluble elements.
The results are shown in Fig. 1. The krill autolyzed most rapidly under
appropriate temperature (such as 40°C). At 40°C, the content of T.C.A.
soluble elements increased faster than those at 20°C and 5°C. The extent of
autolysis was retarded by decreasing the incubation temperature. These studies
suggested that, even at very low temperature, 5°C as in the Antarctic Oceans,
the autolysis would occur slowly. The freezing process, therefore, becomes

a necessity.

4. Effect of various cryoprotective reagents on inhibiting the autolysis of
krill:

According to Fig. 1, the extent of autolysis proceeding decreased in
proportion to the decrease of storage temperature, thus frozen storage can
inhibit the autolysis to some degree. The activity of autolysis enzymes of
krill, however, was strong, it still proceeds even under frozen storage,
consequently causing a severe drip loss during thawing. If, therefore, some

pretreatments are employed to inhibit the proceeding of autolysis and prevent
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the muscle proteins denaturation during frozen storage, the quantity of drip
loss from frozen krill will be reduced. According to the conjecture mentioned
above, some cryoprotective reagents® such as NaH,PO,, Na-polyphosphate,
Na-pyrophosphate, citric acid, Na-citrate, NaCl,**® and sugar'®*?, which
were reported to reduce the drip loss, were tested for their inhibitory effect
on autolysis of krill. The rseults are shown in Table 7. The inhibitory
effect on autolysis was compared by the percentage of the content of T.C.A.
soluble elements (mainly, amino acids such as tyrosine, tryptophan, etc.)
related to non-added group (=100). From Table 7, the content of T.C.A.
soluble elements of samples with 0.5% NaCl, 0.01M NaH,PO,-2H,;0, 0.2%
polyphosphate-2DK added were 48.6%, 54.2% and 58.5%, respectively,
related to the blank group and these inhibitors mentioned above appeared to
be the most effective. Those samples with 0.2% polyphosphate -2A, 0.0IM
citric acid, 0.01M sodium citrate, and 3% sugar added were 61.0%, 63.1%.,
66.1% and 63.19%, respectively, relative to the blank group and these inhibitors
mentioned above were moderately effective. From these experiments, it is
suggested that if krill kept in contact with those inhibitors shown above, or
those inhibitors were added to krill, then hold at subzero temperatures, the
proceeding of autolysis would be retarded and the drip loss on thawing reduced.

Thus, the following experiments were carried out based on this hypothesis.

5. Effect of various combinations of cryoprotective reagents and antioxidant
on the reduction of drip loss and prevention of darkening discoloration

of frozen krill during thawing:

According to the results shown in Table 7, it seems that NaCl, NaH,PO,-
2H,0, polyphosphate-2DK had remarkable effect on inhibiting the autolysis,
the polyphosphate-2A, citric acid and sugar had moderate effect. For the
purpose of investigating the practical inhibitory effect of various inhibitors
shown above on drip loss from frozen krill, frozen raw krill was thawed by
tap water to 0°C of body temperature, pretreated with various combinations
of cryoprotective reagents and antioxidant, and subsequently frozen by using‘
an air-blast freezer (air temperature: -40°C, wind velocity: 3.0 m/sec) at

body temperature below -18°C and stored at -20°C of - air temperature.
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Thawing was performed at 5°C and 25°C of air temperature on the next day
and the quantity of drip loss and organoleptic quality were determined. The
results are shown in Table 8a, 8b. Among those thawed at 25°C, drip loss
from G-IV (0.2% polyphosphate-2DK and 1.0% Na-erythorbate solution
immersion pretreatment) and G-VI (3% NaCl and 1.0% Na-erythorbate
solution immersion pretreatment, so-called brining pretreatment) were 7.1%
and 8.3%, respectively. In contrast to this, non-treated samples exuded 21.0%
drip loss. Among those thawed at 5°C, drip loss from G-IV, G-VI, G-V
and G-II were 2.1%, 4.4%, 5.0% and 6.9%, respectively. In a striking
contrast with this, non-treated samples exuded 15.0% drip loss. As to the
effect on reduction of drip loss from frozen krill, pretreatment with a mixture
of 3.0% NaCl and 1.0% Na-erythorbate or that of 0.2% polyphosphate-2DK
and 1.0% Na-erythorbate solution at solution temperature below 5°C for 10
minutes showed less drip exudation on thawing at both 5°C and 25°C than
those treated otherwise.

As also shown in Table 8a and 8b, thawing at 25°C, organoleptic
estimation showed at G-IV, G-II and G-VI were the best in color, texture
and flavor for 8 hours storage.  After 24 hours storage, most of them were
spoiled, but every group, except G-I, maintained the original pink color.
For those thawed at 5°C, organoleptic estimation revealed that G-II, G-IV
and G-VI were also the best in color, texture and flavor for 2 days storage.
Most of them were spoiled, but every group except G-I, which developed
severe darkening discoloration, still maintained the original pink color after 4
days storage.
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A Study on the Processing and
Storage of Dried Krill.

5 N - o

Mao-Song Cuex* and Shyh-Shiuan Crawc*

SUMMARY

The purpose of this study was to find out proper processing methods and optimal
storage conditions of the dried krill. The experimental sample used in this study was
frozen raw krill. The frozen raw krill were thawed in some kinds of immersion solutions,
then dried by sunlight, hot-air, or cold-air to produce the dried krills, which were
subjected to storage test. ’

The sample was thawed in pure water, 3% NaCl solution, 3% NaCl solution mixed
up with 1% sodium erythorbate, stationary air, or forced air, then added with
antioxidants (butylated hydroxyanisol or sodium erythorbate), or taste blender (sorbitol),
or antiseptic (sorbic acid) in further processing experiments to observe their preventive
effects on the discoloration and deterioration of the dried krill during storage. The
drying methods used were sun drying, hot-air drying and cold-air drying. The products
were sealed in polyethylene bags and stored at room temperature or in a freezer to
proceed the storage test. The results were as follows:

(1) With the sun drying method, the frozen raw krill were boiled and dried after
having been thawed. The color of the dried products was better than that without
boiling.

(2) The optimal miosture content of the dried krill was between 20% and 30%.

* EEAOKEZBRITAESER (Department of Fisheries Technology, Taiwan Fisheries
Research Institute).
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The packaging materials must be able to prevent the penetration of air. When the dried krill
were stored at lower temperature, the changes in pH, V.B.N., color and odor were
very little, and it was likely able to keep their quality and appearance in better
condition.

(3) The preventive effect of B.H.A. on the discoloration of the dried krill was
very good. The one added with 0.02% B.H.A. was better than that added with 0.01%
B.H.A. The immersion solution consisted of 3% sorbitol and 1% sodium erythorbate also
had considerable effect of color preservation.

(4) When 0.1% to 0.2% sorbic acid was added to the dried krill, the growth of
molds or bacteria was effectively inhibited.

(5) The cold-air dried krill had more proper moisture content and their appearance

and fragility were considerably better than those of other products.
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Table 1. The yield, temperature, and appearance of three
kinds of sundried krill.

wt..of raw wt. of yield drying drying
product material product temp. time appearance
€:)) €3] (%) C (hr.)
raw-dried A 4,450 760 17.10 29-45 10.5 crude, dark red
raw-dried B 4,800 820 17.10 29-50 13.0 crude, dark brown
boil-dried 4,650 1,060 22.79 29-45 9.5 imperfect, red

#n Table 1 {7 » FUREMARE » HIVRERGERERE - (BARS AR B ZABILN - GERRAL
HRORE R B2 AR ERARNAREETSBHRYE o HEARER @ %8R R
AR HEER  BEXE  BERRSRRERREZBLEREM » M5 ERAHhERS - 3R
RSBy 5 Zerm Bl R RERE R IR 32 B0 » BIFEEHURRIRALE (Astaxanthin)  » BURHEE
AL » (HEBRROWRES » WIRIR5EE o

=~ AR — IR R BT R R 2 B L

fy Table 2 1841 » WFIRZAI12KAy » itz V.B.N. fHh 8.08mg% BN 28.34mg% @ 4%
SARBRISHIE 26.94mg% T 45.99mg% HEZE 131.25mg% % 116.42mg% » BAERR » R
HREEME AR R R E 2 BB R R R B E TR R 2 AT o



Table 2. Chemical compositions of three kinds of sun-dried krill.

item raw-dried A raw-dried B boil-dried
moisture (%) 11.86 13.08 11.87
crude ash (%) 19.94 9.99 9.70
crude protein (%) 48.13 55.36 56.73
crude fat (%) 12.31 16.09 13.93
V.B.N. (mg%) 26.94 45.99 8.08
pH 6.88 6.83 7.69
V.B.N.* (mg %) 131.25 116.42 28.34
pH* 6.95 6.89 7.68

* After 12-day storage at room temperature

KRR ~ ZEATRE
—~ B — R BN

Table 3. Chemical compositions of hot-air dried krill.

group* | moisture crude ash crude protein crude fat
| (%) (%) (%) (%)
I-1 44.08 5.06 40.29 10.34
I-2 22.95 7.43 56.83 13.28
I-3 3.89 9.98 70.52 14.44
-1 23.16 6.91 56.75 11.23
-2 5.74 7.24 69.52 14.97
I-3 4.62 8.15 70.60 15.76
-1 27.11 7.39 53.22 9.79
m-2 19.47 8.20 60.89 10.04
-3 7.90 9.87 66.02 14.45
-1 40.27 6.21 43,10 8.31
V-2 35.88 8.10 45.41 8.98
-3 3.14 7.19 68.63 14.36
V-1 30.69 6.27 50.07 11.23
V-2 14.10 6.68 59.41 16.31
V-3 9.75 7.60 68.42 12.61

* The thawed krill in groups I, II, III, IV and V were boiled, respectively, in 0, 1, 2,
-3 and 4% sorbitol solutions before hot-air drying. The sub-groups 1, 2 and 3 represent
the products of 6.5, 7.5 and 8.5 hours of hot-air drying. respectively.
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Table 3 BHLFHLZ—IBESOW o BT ~ T~ T~ VRIV 2 BEmERIES 57 0,1,2,3,4% (LA
BEKEHED AR RBORERSY c FAEEZ 1,2.3, RRAERDAERESFE6.5,7.5,8.5 /N
SIRFTE T o lRPEM | FER RS2 » K EIENE o MEE ~ IR ~ HIKS RIEKS 2
DTSRI ©

Table 4. The fragility of hot-air dried krill. (no. of dried krill: 20)

cephalothorax telson
o
group 1** 2** 3** 1*# 2** 3*#

I-1 4 10 6 4 9 7
1-2 2 11 7 7 4 9
I-3 1 11 8 6 7 7
-1 3 10 7 9 6 5
-2 3 7 10 6 5 9
I-3 2 8 10 5 7 8
m-1 5 7 8 7 6 7
m-2 6 10 4 9 6 5
n-3 6 7 7 10 6 4
w-1 5 9 6 16 4 0
V-2 2 11 7 9 6 5
-3 4 9 7 8 8 4
V-1 2 8 10 11 8

V-2 3 9 8 11 8 1
V-3 3 13 4 6 5 9

* See the footnote of Table 3.

*#* Grade 1: little destruction; Grade 2: some destruction; Grade 3: severe destruction.

Table 4 ZREFHIEE o (HEPEA  ERFHARRASREZMRAT S RIGERZ TEME
BIBREAE » Wl B EEAKEE RS  TURERENTEERRASEA » FIASE
FRBBAERALERS

=~ B SRR LB

Table 5 RELTAESERIT HREERZBELEY o BREKSEREI0%E » N8 T RRFI4RREELE
BZRR ; KF20~05ERFISKEHERECREEL ; K0S UTEZHISREMHERREL o
TAECH » B R-18° CDIT ukiEieh & » Mtk b » BRI K SR EE K MARUBRZEkREL
' AERARE—PZHE
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Table 5. Change in odor*** of hot-air dried krill during storage at

20~30°C and -18~-22°C for 35 days.

0 day 7 days 14 days 21 days 28 days 35 days
£
group A** B** A** B** A** B*# A** B** A** B** A** B**
I-1 3 3 4 3 4 3 4 3 4 3 4 3
I-2 2 2 3 2 3 2 4 2 4 2 4 2
I-3 1 1 1 1 1 1 2 1 2 1 2 1
-1 2 2 2 2 3 2 4 2 4 2 4 2
-2 1 1 2 1 2 1 2 1 3 1 3 1
-3 1 1 2 1 2 1 2 1 2 1 2 1
-1 2 2, 3 2 3 2 4 2 4 2 4 2
m-2 2 2 3 2 3 2 4 2 4 2 4 2
-3 1 1 2 1 2 1 2 1 2 1 2 1
-1 2 2 3 2 4 2 4 2 4 2 4 2
-2 2 2 3 2 4 2 4 2 4 2 4 2
-3 1 1 1 1 1 1 2 1 2 1 2 1
V-1 2 2 3 2 3 2 3 2 3 2 4 2
V-2 2 2 2 2 3 2 3 2 3 2 3 2
v-3 1 1 2 1 2 1 2 1 2 1 2 1

*  See the footnote of Table 3.
**  A: stored at 20~30°C; B: stored at -18~-22°C.
**% Qdor grade: 1, excellent; 2, good; 3, light rancidity and off-flavor; 4, severe

rancidity and off-flavor.

Table 6 REFAESEAER V.B.N. WELHY - BErHEAHEZER o AodaE » H
V.B.N.EHEAMEERAK » BARFFEI) LT EH RS KB o B iR HR 2 KOEIOB T
FREIA TR Z R » AR RS EAE SR T o
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Table 6. Changes in V.B.N. of hot-air dried krill during storage at
20~30°C for 35 days. (unit: mg%)

group* 0 day 7 days 14 days 35 days
I-1 170.01 193.36 257.42 —_—
I-2 14.97 20.95 46.69 —
I-3 19,76 — 25.74 134.39
I-1 30.53 — — —
-2 . 36.52 — 44.89 111.35
-3 19.76 —_ 25.14 31.13
m-1 23.35 159.24 — —
m-2 18.85 —_ 27.54 —_
m-3 — — 23.94 19.46
-1 173.01 146.67 256.22 -
-2 23.34 — 83.21 —
-3 14.37 14.97 19.76 17.06
v-1 53.28 — — —
v-2 20.36 — 22.15 —
v-3 10.78 — 19.76 57.71

* See the footnote of Table 3.

=~ FFUEMBSARILRE SR 2 R AR
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Table 7a. Changes in color of hot-air dried krill during storage at
20~30°C for 35 days.

’ 0 day 7 days 14 days 35 days
group*
. L a b L a b L a b L a b
I-1 44.1 19.6 17.6 34,2 15.2 13.9 34.9 14.7 14.3 29.7 13.2 1L.5
I-2 44.2 19.8 17.0 37,0 13.1 14.4 38.1 12.0 15,0 358 9.3 12.4
1-3 51.4 20.1 16.7 41.0 13.2 14.2 42,0 12,9 14.5 38.4 12.1 13.9
-1 44.5 10.2 16.3 36.7 13.0 14.4 — —  — 332 6.4 9.6
-2 48.8 17.6 13.9 39,8 13.5 14.4 41.0 12.0 15.1 37.6 12.3 14.0
-3 49.6 17.6 14.7 40.4 14.7 14.2 40.6 13.3 14.9 37.7 12.3 13.2
m-1 42,9 20.2 15,9 35.7 14.8 13.9 — - — 34,2 12.2 11.6
m-2 43.9 18,0 15.0 36.2 13.9 13.9 37.8 11.6 14.7 36.1 9.2 11.4
m-3 46.5 17.6 13.6 39.7 13.2 14.0 39.8 12,9 14.9 38.2 11.0 14.3
w-1 43.8 19.7 15.8 34.7 16.4 13.9 37.0 16.1 14.7 32.6 16.3 12.6
V-2 43.4 19.2 15.5 34.6 16.3 13.5 35.9 16.1 14.6 32.5 16.1 11.3
V-3 48.8 17.0 14.8 39.7 16.4 13.2 36.8 16.2 14.7 37.9 16.0 13.6
V-1 43,9 18,5 15.6 35.4 14.7 13.9 — — = 34,83 11.7 12.2
V-2 46.2 17.2 14.7 38.4 13.0 13.6 39.8 12.7 13.9 36.6 10.2 13.7
V-3 | 47.8 17.5 14.7 39.8 12.9 14.5 40.2 11.0 15.1 36.9 10.2 14.1
]
* See the footnote of Table 3.
Table 7b. Changes in color of hot-air dried krill during storage at
—18~—-22°C for 35 days.
0 day 7 days 14 days 35 days
group*
L a b L a b L a b L. a b
I-1 44.1 19.6 17.6 37.1 14.8 14.4 37.2 14.6 14.6 35.8 15.6 14.1
1-2 44.2 19.8 17.0 35.1 13.1 13.0 35.0 13.7 14.0 33.4 12.9 12.2
I-3 51.4 20.1 16.7 41.7 11.5 13.8 43.2 12.3 14.1 39.6 12.1 12.2
-1 44.5 10.2 163  36.4 14.3 14.1 35.2 14,3 14.0 35.5 14,5 13.7
I-2 48.8 17.6 13.9  39.1 13.6 12.8 40.1 13.0 13.1 37.8 13.6 12.4
I-3 49.6 17.6 14.7 41.0 12.9 13.6 41.0 13.0 13.6 38.9 12.4 12.4
m-1 | 42.9 20.2 159 36.6 15.6 14.6 36.6 15.2 14.3 34,1 14.5 13.0
M-2 43.9 18.0 15.0 36.7 13.9 13.7 35.0 13.6 13.6 32.4 14.2 12.4
-3 46.5 17.6 13.6 40.8 13.5 13.83 40.1 13.5 13.4 38.6 13.8 12.7
w-1 43.8 19.7 15.8 37.6 15.1 14,5 37.1 15.7 15.0 34.7 16.0 13.4
w-2 43.5 19.2 15.5 36.8 15.1 14.6 37.0 15.2 14.6 33.1 15.7 12.9
w-3 438.8 17.0 14.8 40.9 12.5 13.9 42.0 12.5 13.9 38.9 12.4 '12.5
V-1 43.9 18.5 15.6 36.9 13.4 14.3 36.3 14.5 14,2  35.2 13.7 12.7
V-2 46.2 17.2 14.7 35.8 13.4 12.0 38.0 12.4 13.5 36.3 12,9 12.4
V-3 47.8 17.5 14.7 39.1 12.8 13.2 39.0 12.3 13.5 37.3 13.1 12.5

* See the footnote of Table 3.
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Table 7c. Changes in color and appearance** of hot-air dried krill estimated

by organoleptic method during storage at 20~30°C for 28 days.-

20~30°C —18~22°C
group* N

0 day 7 deys 14 days 21 days 28 days 0 ~28 days
-1 A A A B,.M B,M A
-2 A A B B,.M B,M A
-3 B B B B B B
-1 A B,M B,.M B,.M B
I-2 A A B B B A
-3 A B B B B A
-1 A A AM A,M A,M A
m-2 A A B,M B.M B,M A
-3 B B B B B B

VI-1 A A A,M A,M

vi-2 A A A.M A.M AM A
Vi-3 B B B B B B
V-1 A B,M B,M A
V-2 A B B B B A
V-3 B B B B B B

* See the footnote of Table 3.

** Symbol A: light red; B: dark red; M: molded.

BEREBR o 2 » FEELRES | ZEENRAN 3 ZREKhERFH » REES 3 ZILAED
3 B REARENTERS  BEEMAEREZEE

W ~ 5 R RE

WERHRZARIRIEE » NI TRIE AT RS » R R P2 vl A e 22 o) BE 1
Wik o BB B RN RYE A RR 2R R20~22°C » FOHE 10,7408 » st E9,0008
» BHWRET 16.20% o RIKEEE® 2B —FlRAREM » 4 25° C KR s » ERIGED -
{87£10° CHUT 2 KB ki » BEEINEM 5 Bush - FDL 3 SARMK » WE0.5% RoismBEs » HHEK
BR=E 10°0C UTLIMaa s mimey » H2ERMERWTH 46.Tmg% (22~25° CZEFHERD K
30mg% (5 ~10° CZEFMAD MEE 22.2mg% o WRWIHHBETERRERRSZRIER » BR
B2 KB ELE 10°C LT o
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Table 8. Changes in moisture of cold-air dried krill during storage

at 15~25°C for 35 days.

group* 0 day 7 days 14 days 21 days 28 days 35 days
control-1 17.57 14.97 17.79 16.75 17.62 17.10
control-2 16.40 13.17 15.07 15.28 16.66 15.50
1-1 18.45 12.64 16.29 15.30 17.56 16.76
I-2 14.15 13.14 13.49 14.42 15.24 14.50
-1 40.15 44,73 44.67 43.68 45.39 44.16
-2 22.80 21.20 21.50 21.17 21.80 20.28
-1 44.56 39.36 41.52 41.96 41.94 41.49
m-2 22.61 21.60 21.35 22.52 21.49 21.9
VI-1 22.78 21.65 23.20 21.60 22.40 23.68
VI-2 14.64 14.09 12.34 12.98 13.52 14.21

* The thawed krill in groubs I, II, III, IV and the control were boiled in 3% NaCl
solution containing 0.01%, 0.02%, 0.01%, 0.02% and 0% B.H.A., respectively, and
the boiled krill were then sprayed with 0.1%, 0.1%, 0.2%, 0.2% and 0% sorbic acid
solution in alcohol, respectively. The sub-groups 1 and 2 represent the products of 20

and 28 hours of cold-air drying, respectively.

Table 9. Changes in pH of cold-air dried krill during storage
at 15~25°C for 35 days.

group* 0 day 7 days 14 days 21 days 28 days 35 days
control-1 7.42 7.34 7.30 7.22 7.17 7.08
control-2 7.45 7.36 7.30 7.26 7.16 7.05
I-1 7.33 7.28 7.16 7.25 7.23 7.10
I-2 7.28 7.28 7.28 7.24 7.20 7.23
-1 7.45 7.36 7.50 7.42 7.74 7.63
m-2 7.28 7.29 7.39 7.24 7.20 7.09
-1 7.37 7.30 7.35 7.23 7.17 7.10
m-2 7.22 7.23 7.21 7.19 7.13 7.10
Vi-1 7.17 7.18 7.11 7.12 “7.09 7.04
Vi-2 7.21 7.21 7.10 7.17 7.11 7.06

* See the footnote eof Table 8.
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Table 10. Changes in V.B.N., of cold-air dried krill during storage

at 15~25°C for 35 days.

group* ( 0 day 7 days 14 days 21 days 28 days 35 days
control-1 7.87 8.87 11.64 12.99 15,01 19.34
control-2 6.12 9.15 10.44 12.83 13.78 17.02
I-1 6.89 9.48 10.74 12.78 25.49 18.10
-2 6.92 8.25 10.60 10.79 13.56 17.35
n-1 10,22 12.62 25.09 52.79 105.99 122.08
-2 11,85 12.53 13.60 17.70 18.44 - 22.09
-1 10.75 12.47 13.51 16.94 19.03 27.96
m-2 10.28 11.95 13.93 15.80 18.31 21.13
Vi-1 12.09 13.43 13.87 14.99 17.94 22.44
Vi-2 8.89 8.87 10.32 10.90 14.30 17.62

* See the footnote of Table 8.

Table 10 RESMZEISKIMHE V.B.N. WHELIEY o £ V.B.N. [EEHEHK B EENEZ
B > BREET- 1AL » HABEAREISREIER 30me% 5 M- 1 E4e5 21, 28, 35- KD RIR
52.79, 105.99, 122.08mg% » FRFKBLGAIEH2B R M E TS TIE » BLASSRIL Table 9 REHERE
FIAREBNA » MV.B.NEZB T FRULAES R EE L ZIEED o

Z~B.H.A. BB REHR

BnTE15~25° CEFRkRE 2 (8RB AL A Table 11 AR o 482 L, a, b ERBI4REIGEERED »
HILRESEISREAMES KB o BB » A& EERENIE (af) » BB.H.A.Z
AINEO. 027, % 80,01 5 AB N 2 18 » BUR B.H.A. AERFHREHRE o

— 46 —



Table 11. Changes in color of cold-air dried krill during storage

at 15~25°C for 35 days.

0 day 7 days 21 adys 35 days
group*®
L a b L a b L a b L a b
control-1 40.5 16.5 15.4 40.4 16,9 17.4 34.8 11.9 13.8 36.2 11.3 14.7
control-2 40.6 15.4 15.1 47.0 16.7 17.0  36.3 10.3 13.7 37.6 10.7 15.0
I-1 39.0 16.7 14.4 44.9 19.5 16.2 32.2 14.6 12.2 34.3 14.6 13.3
T-2 39.0 16.1 14.1 44.8 18.9 16.1 33.7 14.1 12.0 34.0 14.9 13.0
-1 34.1 16.9 13.0 35.9 18.2 12.0 28.5 13.4 9.5 28.9 14.7 10.9
-2 37.5 16.1 14.0 40.5 18.1 13.6 30.9 14.0 11.2  30.0 15.1 11.9
m-1 34.6 15.2 13.1 36.6 17.7 12.6 30.1 13.2 10.7 29.8 14.2 12.0
m-2 38.[ 14.6 14.5 39.2 17.3 14.0 31.3 13.6 11.6 31.4 14.7 12.7
VI-1 37.8 14.5 14.3 40.9 19.0 14.4 30.4 14.0 10.8 29.8 14.9 11.9
VI-2 40.3 14.1 14.2 43.4 19.4 15.1 33.7 14.7 12.1 33.9 14.7 12.6
* See the footnote of Table 8.
=~ \LRE B SRR
Table 12. Changes in aerobic plate count of cold-air dried krill during
storage at 15~25°C for 35 days. (no./g of product)
group* 7 days 21 days . 35 days
|
control-1 . " 2.5x102 5.0x102 2.8x105
control-2 1.5x102 — 3.0x103
T-1 1.0x 102 — 2.0x10°
I-2 A 8.0x102 5.0x10% 5.0x10?
I-1 : — 5.0x10? 9.5x102 ,
I-2 5.0x 102 3.9x10* 1.5%x 103
-1 - 5.0x 101 8.6x10° 2.8x10*
m-2 4.,0%x10? 2.5x10? 1.0x 108
VI-1 —_ — 1.0x10?
Vi-2 _ — 2.5x102 1.0x 103

* See the footnote of Table 8.
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Table 12 FEMFELIS~25° CHF BB BB o BER 24808 » A WBREHE 2R
» (HRISRZAFHGAR b » SEIGHEMELR - BFRIUABRE—EA BAHEDHE o AR K HE
R \UNBANERS X » HEREAED » B&EEHEZEMETREE o SEM0.1~0.2%1
RER B » WA REFWIHER o .

M~ Bz s

Hy Table 13 1340 » BB HBERAARGHRERZE » Brw R kR En 2V Be RIFR
TR o

Table 13, The fragility of cold-air dried krill. (no. of krill: 20)

cephalothorax telson
group*
l** 215* 3** 1#* 2*& 3**
]
control-1 11 5 4 16 3 1
control-2 10 6 4 14 4 2
T-1 13 4 3 12 5 3
I-2 12 5 3 10 8 2
-1 13 5 2 14 4 2
Ii-2 14 5 1 14 4 2
-1 13 4 3 17 2 1
-2 12 5 3 13 6 1
Vi-1 12 6 2 16 4 1]
VI-2 ‘ 15 3 2 12 8 0

* See the footnote of Table 8.

¥* Grade 1: little destruction; Grade 2: some destruction; Grade 3: severe destruction.

AR IERY B 508 (B SREL BB R N B SR 2 TR PO » R L B R R RN 2 i L EiR e 2 B
» A E B HEE R AH SRR 2 A » BHERZRELERTWRESR » REBBINE
Bo

R R R 2R » IR —EEE 2 FREE » REILES | LEGENRENK 3%
WALy 3 % RS KERSERIOSHE » KIGERER BN » DI95~100°CHy 3 A8 GFEBEA) B
FAEH0.01~0.02% B.H.A. )3 %A KSRFEABERS 58 » FICEERZG Bz
IX15~25° C100~105° C % 1.9m/sec ZZeGarii » FABLE K 5 1E20~3094 B i U5 560, 1~0.2%
ZUABMIE R - ZERBHEERTN pE MBS » 70 0~5° CEERE » AW RRFRLGZY
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Studies on the Manufacture and
Storage of the Krill Sauce

B 2 B 2

Mao-Song Cuen* and Tsong-Song Cuen*

ABSTRACT

Fresh and frozen Antarctic krill were used as raw materials for sauce manufacture,
The krill sauce was made by adding various amounts of salt. The quality of the
manufactured sauce was inquired. In addition, the sauce quality after storage was also
studied in this experiment.

Antarctic krill with 15, 20, 25, 30% salt added were autolyzed by their intrinsic
proteolytic enzymes under room temperature. After filtration, the yield of krill sauce
products ranged from 68.1 to 77%.

The amino-N of krill sauce was about 30% of total-N. The krill sauce produced
with 30% salt concentration was most lowest in transmittance (330 nm), VBN, total-N
and amino-N. It was obserfved that the above parameters were increased as the salt
concentration decreased. The colour of krill sauce darkened by boiling process, and so
did VBN increase from 58.30 mg% to 64.11 mg%. At a storage temperature of 5+2°C
for 104 days, the VBN and transmittance remained almost unchanged. However, the
VBN increased and transmittance decreased as the storage went on at higher temperatures
(i.e. 30+4°C).

In a storage experiment, the 0.025% butyl p-hydroxybenzoate and 3% ethyl alcohol
were added respectively.  After storing for 114 days, there was no antiseptic effect by
these two chemicals from the view point of the increase in VBN. The addition of

sodium bisulfite or BHA (butylated hydroxyanisol) could improve the colour of krill

* HEAKERBTAESER (Department of Fisheries Technology, Taiwan Fisheries
Research Institute) .
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sauce after storage. But the increase in VBN after 10-week storage was further
promoted owing to the addition of sodium bisulfite, and the VBN was doubled as

compared to the control.
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BEBRFHY » HhHEREERS » BRnEE LHA% ENS » BRE—ERFNAY » BARTH R
MRt B 2 FURL 0

A RIEBRA MBI » BREEEOGRE » RIS » DI R M RIBR R Rn—EY
5 XHEIRAETRPOELEY » DN TRAE ENBE » SRGILHRER o ZERBEREE
W

BB 5 24

—~ R

AR HBURHRIE ISR RI9TTEI A4 22A TH » ERR LA HEITRIR (65°28'S
58°17'E) Pl » phitiin THRihatiE —40° CuEMImia B —35° C I Bt S ok i 8 /N »
B —36°C B AR » EIERK S AISEET » BB LB EE (—1712°C) o JEARRA R
B BRI T LR R R » TR — IR D R BT o

—~REEE

B ERANEEES F AN EEN AR (RS > NaCl 99.5% DB BFf1 KA
20 1 FWERES s fiE - Ree2WRERE G EBREEAES - EREAEEERESET  WHEREET
FEREE:  MISEEE o FRREAIENE » RBADTFINCIER » BERERDT2OH  REBEERE
FAE#E (Toyo No. 2) SEIREIERA o

FEfR LB » RIS BRI AU » SIBIRE Y » SR B B BT o AR RIS A
Ry o EREEHEA "W L (EEERLEEER 5°C £4 BEENEETSERE) » BESEE
i e “

E-SAEE
BRI Z TR TG EER



D). K5~ A ~ HUIEDS ~ $UKS © BRETERE o

2). FEBVEmAEEE (VBN)  RAMERNGE (Conway iK) o

3). BeERBR : 1A Formol R5Ek e

4). H 4 RARBRENED

5). pH: f TOA pH meter, HM-5A (BEHEE) HE o
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EREF 27 RWRBIAR D » Frasinisith » REEnadE pHy VBN » AN RILEEARN 2
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RIE » BRESFIHARERBCREEERERANDEE » hA—Rs ik EA R 20 YERR o

HEIRL 30% NaCl B » RZEMN TN £ 1,602~1,690 mg% [ » # 20% NaCl E
1,760~2,020 mg% RAE » HHH B EE EXIFHTHEMETVE » MEEBNAREERRFH o

LENHRENAENAMETNERIERRE » AIGHEER 30% NaCl EMSaBEHTRE » &
BABREERR » ZERBHNEZRNZISSSERE  HEBERRRE iBEAH o HEEE » K2
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IS ERB R0 EFFRN 1% NaHSO, s 7E30% » 25% R 15%E AT 0.02% BHA 5 A%
SIRWESFERHFER » BRI NaHSO, HFEREFL > (EV BNEERREM > 2 99 mg% » &F
FRZEM - BHARERDEERERERN » RS ZEY ERRBINERT » it EBINE VBN
SRMESN » TNRAANSEAHRE  BAEERRNERZ o 82 » REEEhEERANEEB H
A BREGRZL > HHEES BN CRZ B REEHNRE c ABHA s BHTEEB REEL
BRI TS » WE7 LB BRI AEKESIABRGEES  EANERE

8. MR Birh 2 E B (L
— BB T e R AR ARCXRR ) RERY » MEEHPERBNEE o RYIERERERNE
B P RO E R AL » BN L R R R 2 B AR ¢ SE RN 30% (s NaCl » E15+10° CpE R 100K %%
» FLUAHEEN » 3 E A~ DT INHE G » B REBIRBERA » DU b S E BT
P8 A F R B RIS 2 — R R AT RERFTAT able 3 o

Table 3. Chemical composition of fresh and boiled krill sauce.

crude crude crude transmi-
krill sauce | moisture salinity pH VBN ttance
protein fat ash (330nm)
% % % % % mg% %
boiled 64.66 9.79 0.130 22.78 24.31 5.97 64.11 46.5
fresh 65.10 9.23 0.126 22.90 24.51 6.01 58.30 63.5

EMLREREM o RS A RRRBKOER » DRBEERERE - Helt - R
MaillardZ fEF 3 o V B NBIEINZ T ey 58.30mg% 1% 64.11 mg% » HFii fish soluble & 90~95°C
s 155882 g% » VBNBIN 1.5/ Bl BINBEY AR » HAE ST RHBEL

ZHEL AR A BIERER (5 +2°C) REE (30+4°C) HERER » EHMEE
ERV B NE{LIEN » ERSTIFIR Tabled K Table 5 o Gz BIBEHEM Fig. 1 » ¢ 330nm =
ERARM » MEENS —RBRY » SRR KD EE 2B BOGE BRI o

FiTable 4 W[5 » EREHI04~ I TRAGR SR - G R ERE R A sURG B » T ERL
B BFRBRARNEE » ERIFEREX » TOEEATEE BB IR #RE » elRsR(t
ENTRYPERELR 2B » ERESAGBENEEI022 S - ALRRFEMEAHORENE
HEIBRAT B 5 ° CIREET » BN R HiESI A o

ZHR pHEFBIAB DS  HIREERE - BV BNESRTRARI (Tatle 5) ZHR&EME
» E B AEAARRR R E - Nk pHABTHEE BB -

4. SEVTEAIHREEERIhZE RECR
PUEt—IRER 2P A » AR FE T B (Butyl p-hydroxybenzoate) » Wik% » DURAE |
EEARAZ NaHSO; ZBHA » SRIRmRiBiEsih-hms » BR¥EET » BV BNREEZ# (L
RABREBYWHR » RN Table 6 FTable 7 o
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optical deneity

Fig 1.

wave length, (nm)

Absorption spectra of Antarctic krill sauce.
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Table 4. Transmittance change (330 nm) of krill sauce during storage at

low temperature and room temperature for 117 days.

storage time 5+2°C 30+£4°C

(day) fresh boiled fresh boiled

0 63.5 46.5 63.5 46.5
15 64.8 51.5 62.3 49.0
21 62.5 50.0 60.1 45.3
32 64.7 49.4 55.9 43.0
45 60.5 47.5 53.0 41.2
54 63.0 50.1 50.2 39.0
64 63.0 51.1 50.3 38.7
76 60.5 49.0 44.3 33.8
92 60.0 48.6 42.0 31.8
104 61.7 50.0 40.2 32.3
117 65.8 50.1 38.7 29.8

Table 5. VBN change of krill sauce during storage at low temperature and

room temperature for 104 days.

storage time Sx2°C 30+4°C
(day) fresh boiled fresh boiled
0 58.30 64.11 58.30 64.11

15 57.88 64.70 63.40 70.66
21 58.24 64.76 65.20 72.12
EY) 59.25 71.97 65.74 72.12
45 62.49 70.42 68.47 72.94
54 64.93 70.31 70.29 73.01
64 54.98 62.30 65.09 70.45
76 53.12 60.31 67.71 71.20
92 57.47 62.21 71.92 72.64

104 61.58 67.46 71.39

56.17
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—BME » EPEREBER» £V BNaBEE/RPAERBREE » R EEOREBRERER » £V
BNAREREERARNM 1 % NaH SO, [& » #£28 1 BEIA 95.24 mg% » ZEHI0AR DR 120 mg o
HAEEHE R R a0 HER » AN NaHSO, REgIRh » BERER7 L @82 REFEA LA
MRS A TV BN Z AR RUB/RE o TI— IS ihE i by Wl » (MR IR T B Bl » EA
HERHV BNAREME » SinERESAGEBIBTHIGEZCR o ZRIINB HA » (RESE 1LBHRI AR
B HARGWAMBTEACR » iV B NARERLERED » THRFERHZE o Fith » SRFEFfHERERRE
s LT AE 5 °C ERZERERME

5. Fa B SRS iE i 2

AE T RAIEH - ISHEZER SRR ) AR—RARE R - bRz #E
1 % Wt A 2 BUE ©

AABR AR B RE Sz B ekt (R IE A A998 » SRiBihm i) BERISE » s
BRI ERIGANE » ORI R R R 2 50 4T R FI R Table 8 o

Table 8. Proximate analysis of shrimp sauce maufactured in Ma-Tzu.

date of analysis moisture pH total N  amino N vBN  lransmittance

(307 nm)

% % mg% mg% %

March 27, 1978 69.12 5.90 1.49 571.64 181.71 52.25
April 24, 1978 67.40 6.28 1.47 577.50 188.79 50.60
May 29, 1978 67.49 6.48 1.49 671.31 190.29 48.64
June 27, 1978 67.07 6.49 1.47 584,70 190.94 48.01

RS R AR 25.58% » i » HREERIRRIIE25% 25k o BETA B TERT L st
i (Table3) > RldmEhEERREERS (30%) » BHAKS & BANBERE o BAWL > ¥
B2 ZE (1.48% » EHEER.23%) IMERERET » BMERE S B ARERS c R
R SR /R EL S T AR b/ pHRV B N & BESU iRS ki » frEwa i ik
BTG B BT REFH HERGRE o WHiE » 3 pHEVBNZER » BUV BNRHE
» B 181~190 mg% o RHEM » B DUBE R FUR N A S BLE B R B AT o T RRIBTHEL S il
B REARMBERRADTER » DHiEREERE » HEEMURV BN#ERZ » 60E » BRG]
REPE SR LERENRTE  MRRE—PNHE o

BRITHC 2 i AT A AR AR » HERREREENG (Hypoxanthine) » X4 %#F (Inosine)
BxE (Uric acid) 477 o REMEW 1% H BEERS AT RIS 2 IS o ERAEE & Hlfmain
» TEEAREED » RBRE—BRIRE (Adenylic acid) F#7E o & Rl » mIETHRBHH » ERFHH
FEERTIE BUZIB » EAERAERN NI » M ES A o BB BRI RAR B Wiz mE St
» NHF BRI LA S o
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11.

FEE (1976) © TEMEFENYEBREEIAEERE] o
FEReEyy (1967) @t 37 32 H Li-REW o New Food Industry (A3 19 (1)
s 41~43 o
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FIRERIRNEIRARSBERIENE » B L » JERIREN TSR D RIS i W i

REH

MI0~3025 84 > FARE TR BB « LHRETEFNRESUEY - BEUTZRER

1. FERBREE T IN20~30% AR ER - 5 4 BEFAHREREZ 2 RREERASBZHN

75100 : 30 » ELERTERE » LIBBDEML o

2. JN15 5 20 5 25 30% %A AU B E BRI B - WARBERTT% (E§15~20%) - 5

EREENERTEYD » RP#£R68.1% (HHE%) o

8. 1N30% weEE Bk A s - VBN~ §%A - B8R~ BXE (330 nm) &igEfmad)

EEo

4. MREBhEEE - FEHAENA (330 nm) PE > G VBN [ 58.30 mgy BE

64.11 mg% o A FAFBBHAPIEEE (5 £2°C) WHEE (30+£4°C) FrlR » FRVBNES
HBREERIGRRE(L » WHNEES V BNBARD » BXEHWE -
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5. BV B NA: g P A s Bvi SRyl A InSe SR A 10582 ke » i 0.25 g/l SRR T
B 3 % Wik AE 9 DIREAUR » J0 NaHSO, Rim{e VBN Z45K » HEER10EE VBN LBER
120.34mg % » WHAMEERHRETE 1 525 o

6. HRBHN AR S BEWE N E— RS » RRER pHRVBNE &
BRARETRER » AERRTFR o
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Experiments on Canning of Antarctic Krill

Mg e MHMm e IR 32

Shih-Rong Kuvo*, Gan-Ling Lin* and Yao Huang*

SUMMARY .

The main material of the canned product was frozen raw Antarctic krill, which
had gone through the process of thawing, boiling, dripping, frying, canning and adding

dressing. The process was completed when the filled cans were vacuum sealed, sterilized

and cooled.
1. Yield of canned Antarctic krill—70%.
2. Appropriate time for pre-boiling—1~2 minutes,
3. Optimum time for dripping water—40 minutes.
4. Frying conditions—180°C for 3 minutes.

5. To stuff 130 gram of fried krill in a C-enameled Tuna No. 2 Can, filled with
10 ml dressing.

6. Sterilization—0.7kg/cm? for 40 minutes.

7. To improve the quality of the canned Antarctic krill, added 0.20~0.25% citric
acid in the pre-boiling NaCl solution (2.5%).

8. Poor freshness of the Antarctic krill will not only give the krill bitter taste after

they are canned, but also affect the quality of the canned products.

)

]

REIA+TAE » REKERBTEHRABN - EXAAEE - EEDRRBACHERELT » 1
BT — T SRR > (B ATEE] T RO REE R o W R TR s L (T — TR o
TR BRI » BRRSPIEY 5 AT 5,000~7,000 EMIIRER » SEERT

* A KERRITE ST (Kao-hsiung Branch, Taiwan Fisheries Research Institute).
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HEL B AT AR E 5 DR MEET » BT | ~ 5 B2 S o kW A B E S E N
FBIBEE » ERATEFARAEBRERNTELZ— -

EEEERANERERE > Y ELFYENREENSRARBLERK R » MEERESTH
SR BEER BRI » WAREES ~ B~ & BEBRYE > DIRHEAESRA ~ By~ By » IZFR(pantothenic
acid) ~ #gal: (nicotinic acid) ~ ZEFE (folic acid) ~ 443 (biotin) Fi#EA R Bix & o HEERK
IRETAREM CTEEER > 7% ~ iR BREE » BEhAEEREERRN (vaste) o T
FIEAEAESGE » T RIRREERIRT 0

ASABR R A B BB PRV B ok B O » SRESBUEREBE TTAT I » LR R E RO EEE » ¥R
PRI TR R — T fTHRR o

PRSI IR

— -~ RER#HE

1. R (Euphausia superba) : ARERITH 2 AREIRE VAR B — KRB 21T (654
12~663E 3 ) FriiE# » N664E 9 A DIABHMNEEZR AN - BRR 3~6cm» BERF 0.3~1.2g
o H—{u 4N Tablel o

Table 1. Chemical composition of frozen Antarctic krill.

moisture (%) 81.3
crude protein (%) 11.1
pure protein (%) 5.1
hot water soluble-N (%) 1.1
crude fat (%) 3.8
ash (%) 1.9
pH 7.4
V.B.N. (mg%) 20.4

i AR BEILERSEY ZHBEE -

. WE ¢ BEWR o

. B PR o

- BRE D BREATIH G o

R SRATHS  TERK-

. 20 L BE TR o

7. RRER >~ B~ B4 D BB R AT o
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SRRAE
1, PR S ¢
AABR ORI AE S RS R B RS JFUR) » 7EZ2 P AR 2 /N8 » DURCRHRIORE YK BT A E » B
IN2.5% KH 0. 2% 518 EE » ISV AKE 1 ~ 2 ikt » BEnsici400 8 o RIRDN80° CELMIW L h
¥E 3 AHE > YHASREER ST BDAGNE - BERERE DU TSR AT EE 130 2 > SBINFAGRIKIO ml o FEBRMEACTT AN
Table 2 o AR R2EHEE » DL 0.7 kg/om® A0S » BB A G HEEARET o

Table 2. The composition of dressing for canned Antarctic krill.

wine (rice wine) 1,200ml
black pepper 18g
monosodium glutamate 60g
salt 30g
garlic 360g
scallion » 600 g
red pepper 12g
water 1,800ml

FEVRALE: ¢ JSATSRIR (128)~ 7 (600g) FIREE (3608 ZE5TRE» Slbk (608) » B (30g)
SR (188) ~ K7 (600 ml) S » AK 1,800ml > LIAKEE » FLIZKEL05 8 » 1
KT 600 mls MURFEVE 1,000 ml (EZ ~ IS AH LRGN » RE2HE) o

2. BBRTE
o FiEkE

SHREERSE 3T°£1°C) » FFETNE » BRRAILRZERE » Fok B8 5 BVE » 1%

PRI SRR o "
@ B
MRS 5 SR HRRTZ o

gt

— - FEREFERAERE

KB T~ 1 HiEBRREEETT S EEREE » CR—EATEE » BitkE » HE20
Table 3o
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Table 3. Examination of canned Antarctic krill.

items result
net weight 140 g
drained weight 136 g
can vacuum 25cmHg
flavor good
color good
preference good
blackening negative

AEBRARBALT S LHECHTN  ERRRCARERERRINFASZ2RRFTE » HiER
—BEFIARFE R o AR » FEHRRERR T A MO 2 — o
o EIRERR

PRI RE SR BB o A DIA: R TR 100% RHTACERRIBTZ » WhYFERFIT0% » Hr BRI
BARRZEHIFRT0% ©
=~ AERE R R

A ERAR R R EA R RO  SREAERETNIENER - HEERAARE 2R
o FELRINIERES > BHI180° CRIMEREH MR » B ERRIREILS Mgl RERMmEEE » X
¥ 3 5yi - LR UER » ERGERERE

8180 e ¥
<
170
8
= 160
w
b
- P .
B 60 120 180

Time (second)

Fig 1. Temperature curve of oil during frying.
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W~ kERFCRAENEESEZXE

BARBSE CFEE - EYERT D B R R H B 5 R B o §RATRREIRAE » SU R -
REMERF ST HEBEHBEREATER o

ARBRARRDT BIEHRETALREE » S EBRARERENE P ENEE » B XH
W o RERERN » MR AL » WHEGHERR » EEROERBRRERE - RELBBEKA%D
PlE AT « MR ii0405 BR8] o

A~ MBEEAR

AT AR (AR ) » BAERIERTIER180°C » 3 @itk - TEE-FIT & B BT TREMLZ2H
B o ARBREL 0.7 kg/em? » 40 SFEBEGEETHE - HREASERRIMN Fig 2 o BB
37° 21° CIRBIT A AR » RBPLEBRRS » BGE -~ RRBHERK o

260 }
240 }
220 |
200 }
180 }
160 |
140
120 ¢

6 10 16 20 26 32 38

Time (min,)

Temperature (°F)

Fig 2. Heat penetration curve of canned Antarctic krill during sterilization.

X~ ERRNEEREEREIEE

BTG Jai » BRIBR RS » 2 EHE R (Dimethyl sulfide, DMS) #5457 o &
BRI R » EREIRFISHRS Dimethyl-g-propiothetin (DMPT) - TIZHBRRSGRD o BEEFR
SRS W T » #Bvbpy DMPT EWiE B R — 5kt » AL BRI Rt EXEES o

REERIBERMEE » DMPT REZHBR G » REARBRSHEIRER » BB ERIAGR
i EEYy pHE » FEHE pHEMTE » 18 DMPT T4@S5 HEE » DIERERERENRE
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ARABRRTEKERT » 2 PIFERERF A 0.10% ~ 0.15% ~ 0.20% F1 0.25% SWAENFRERE M
TR » HRABRER Table4 o

Table 4. Effect of citric acid in pre-boiling solution on

the quality of canned krill.

conc:entrat;‘(c;;:1 tiittl) npre—boiling after boiling
- flavor color
citric acid NacCl pH gfle}g;l
0.10% 2.5% 6.0 53% fair flat
0.15% 2.5% 5.8 47% good fair
0.20% 2.5% 5.5 459, good good
0.25% 2.5% 5.1 429 good good

* For the sake of having inferior quality of krill, the yield of krill after boiling was

lower than that described in this paper.

HIAFABRIE R AN » B0 20200 25 2 5 18 E G IR A » BARTNERIRABR » THIM#& 2o BI7Rn0. 102
Bt R Ak ~ BERHRE

HARBRAHER - BEEREAR » KERSERD » RERTAKRRARERR » SRR
R EREITEE o

t-EERFEHEERECEE

R E IR S B RS - BFRBUERRE  RWREZRE - MAABELRE o HiHRIRHEE
BLiFRE o H pHERIE » & pHETET. 40~T7.45 2 R » RIRRMRENGR 2aA 2 A MBI EIJK o IR pHIE
MR A » RN AR o

ARBUFTEEEOE ~ TR FUR R AR B FOR SR 0 IR ORI BRE » sk ) BT
HVERBRE 5 FTRE O B » BT E 0 ABTRERE 5 TLERMREFNSRE » BEEWHRE
» BBE BT (U Table S) o AERRBRRNAE » MIEERCHEBIR » TS TR o
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Table 5. Effect of freshness of Antarctic krill on the

quality of canned product.*

grade of freshness* A B C
organoleptic ‘ color brick red pale brick red pale brown
quality flavor good fair, bitter bitter

Blackening negative negative positive

* A: fresh; B: right before blackening; C: slightly blackened.

N~ EERAEERRER B

ARRBRAE B R ERR » R R b /N (RZE2E) % > REm0.20%
B~ 2.5% AEMNKARETRE (KRIBEWIRE) » AREE » 7505 » INMCEEEI DU 51
AR 1508 » YA 50 ml FELkAK o SREZHEE - I 0.7 kg/em? RE6043# » HAKREEAR
BT o FALRIEAN Table 6o

Table 6. The composition of dressing for canned Antarctic krill.

ingredient dressing (1) dressing (2) ; dressing (3)
water 100m1 10011 100m1
sodium chloride 10g 10g 10g
monosodium glutamate 10g 10g 10g
dried, fermented black bean 30g 30¢g —
ginger 20 g — v 20g

H L= > DIRKER » REBOK#E3058 » FUKHBRERKS » #B» ARERE

A o
A HEGHBR AR » PRI BT R - LA EHRARIENE TR - T AR GR R
B R E 2K o JLRFIREY PHEEE 7.4 754 o KRB A DU S FUSHB B o

2 % LR

O KA (1975) 1 A% 7 2L 20 o LB LAY 2 13 (7) 1 432~4340
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(12) »1287~1292 0

@ BINEES ~ —FRR—~ BRET (1975 @ FlA 7 ICAREOEEEC OV To New
Food Industry » 17 (12) 250

(6) TLESE ~ BUSAR ~ BRE#F (197T) | B B AR B Ry | R B 5/ s HE R S 2 T o
R AE » No. 2975230

®) i (1976) : TEHELEFRERY:] o 163~189K o

D Ak~ REE S PAILT (1977) A2 T7 0BT B30 AT UFENT T { FOERK - HK
k43 (10) » 1209~12170

i B

R R A A SR R T IR R B FOR, » EOBAR ~ KE ~ 798 ~ WhiE - SRR Fask el 43R
B REBEZEH - BE > BHRRERZ
1. FEIRERELRAEIRT0% ©
2, KEFRELHEXE1~258REH -
3. e D40 ERE ©
4. {WYELI180°C » 3 SHIR T o
5. DU IR A > R4 130g o HINEERE 10 mlo
. FREDL 0.7kg/em? s 4043 EEITZ ©
CKEREEEE (2.5%) BN 0.20~0.25% BERUIRERERERME o
. fEEEZE R RN B B R 0 0 B ERR o

w =N o
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AR EEAKERBRITRES TTEATT RIS 5 HREIEE » PR R » DIRAR
SFTRICRAIETE » BEURRAZEK » EEhEE o
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Effects of Antarctic Krill on the Nutritional
Physiology in the Growing Rat

% W K

Ching-Min E. TsAr*

ABSTRACT

Freeze dried Antarctic krill contained about 94 ppm iron and 82 ppm copper.
However, those iron and coppor could not be absorbed, utilized and accumulated in the
liver. It caused severe anemia if iron and copper were not supplemented in the Antarctic
krill diet. Vitamin E in the Antarctic krill was available to prevent the decrease of
hemoglobin and hematocrit which might happen due to vitamin E deficiency.

Ingestion of Antarctic krill, instead of pork, could prevent the elevation of serum
cholesterol.  Antarctic krill diet without the additions of iron and copper, however,
promoted serum cholesterol. Chlorella in the diets decreased serum cholesterol and liver
lipids. Lactose in the diet also could decrease liver lipids. A trend, to increase liver
iron and decrease liver copper was observed due to the addition of lactose in the diet.

However, hemoglobin and hematocrit were not influenced significantly by lactose.

]

T

EWMREELZNERS M RBEEEERRER » ZEZHERARYEENRI » BUARBEINGE
RHE > MEBERXEARRARBEENHBR  REBF LRI EMERE » FHibAE MNEmEl
FH_RPRARERE R EEE - ¥ EERRIKE T W BRI

BN E IRy B R RERZE » DIERSOBREELRMEBS IR (1.2,3,4,5) » KRMACERS

* WO KBEAMERR (Department of Nutrition and Food Science, Fu Jen University)
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ZEFUNERRCHAEMFIMEEZEE o EFERFEAGAE Arai 55 (6)» Matsumoto & (7) » FX
(&) MER (9 SRFFHEERORZGVER - AEBRENERBEEHBET 28 - AfHEAERE
» BE RS EBITRIKA » TOKRE&Y-PIGAE ~ AL R Bz —2dE » LR R R BIEhRAE
HinvEEEEZZE  DIRBNFENRES » HpERePE -

PR GER

AEBRILRAIERY » HRGME—FS o 60 EREINHNEER (Wistar rats) » BEYR42~
4533 » BN (Randomly) 4TI 10fESRA » QA 6 £ » ERSREARENEMWET
Eo FrAzBaERE—  ZEEHIR 6 Fiz Bk » HESHmERN 2 52ik » BlFL - TEEN16
SRl s EEHM=RK 2R B 1 L 1 BINEREF&Z D » EREEEF R o A TREH
PITNREZESK » 2AE108 o PYERIF2022°CREIVPREZIIN - BEF—KEEH-

FHRWMIOAEZSH—FRARIERE » RREEEERS FILIZEE » hEERUN » B Cyanmeth-
emoglobin method (10) HAIEIMALZE » bl Heparinized micro-hematocrit capillary tubes zKFIEI
BRHA - BB S OB (Cardiac puncture) > [ Searcy and Begquist method (11)
RURE M5 MRS » ACHURHTE > DIZE AR RIS o SLLURTBIEA AR (12D ERRISH
o AR IUBE HFiEfe Standard deviation, F test #1 Duncan multiple range test (13, 14,
15).

T

AR TIERERS R RERERA US4 94ppm WHF 82ppm (Y6 (R—EMD » it
FHEEFHRM0%Z 2R Ha R RS » AT REAZE - QETREZRMZBE (16) o &M
AFRER - AR EM0% 2 HEREERE » MAERNRIAE (R 1) » @S3REAN #
FREREIUNRINBI R BEB R (FF 7)) MR o TERR - WiBiEET & 28 » B¥ 52
MR ERERIRIERR

EREAMEPARMEERES (FH 8) » GEIFCHMALREMIKILE » BRIMEERES (A
9O RE (P<0.05) » EREEBEHNAIFEERES (FH2) RAamE (698 3) 1k » HAiffr
REUMFRILE I ARFE 232 R o WRERERT » BRI & 2R BWHRIEAA » BEES IR N30%
BRI - KT a4 3R B R DIBG AT 3R AR A S L BB © SR BpeB Bl DR
mirkze&® (A7) » EAER (FH 6 M0 LRBFRAMHL

AEBREAFRRROEME (RH 1M » GREMEEER o 19734 Klevay (18) fREEN
FURRSES LA - BRI I ER » AERAREEE  ARMNETROEIEERZRN » Eiid
AR o MR EIRAT S Z IR A - TODUEAE (BUR 4D RUBSSRI IR BRI TSR o ¥ it i
WZIEME (R 3D SURMB RN EEEHE (R 9) » HlREER R » WREEWER
HR DA E B Rlr S/ R EkE A — (19 » FILERET » N EEER B 684

— 74 —



[Jeorydry

2070 70°0 - 200 ¢0°0 20°0 0°0 70°0 - 700 91e1208 joreydoaoy,
62100°'0 92I00°0  9TI00°C — 9TI100°0 971000 9ZID0°0 97I00°0 921000 - *OsnD
¢s10'0 ¢s10°0 ¢c10°0 — S$§10°0 gst00 gs10’0 SS10°0 SS16°0 — O°HL *"0S°d
r4 - - - (4 — - - - - 18I{3I0ID
— — - — - Z1 — — — — 950308
14 14 14 14 - - — - - - [1o pejes
— - — e - — ¥ -~ - - pie]
4 0T 4 aC -~ — - - - - 3U19S8D
- — _— — — —_ 9z — — — LTI onorvquy paniejedt
- — — - 0¢ ot — 0¢ 0g 0¢ 1M1 JnRIRINY
$0°0 S0°0 S0°0 $0°0 g0°0 S0°0 €00 §0°0 S0°Q €0°0 pRIMIXIW UTWEIA
g S S S S S g S S S LINIXIW [RISUITA
A $'aT $'0C §'0C [SM(174 4! §02 0T §°0¢ $oT 49801018
s Iz i 1z 61 3 17 ANt 4 LIRS W00
17 1C 1T 17 1T 1z | (4 1T 1T |14 Iopmod 18oYM

01 6 8 L 9 S 14 € 4 [

S — — % ‘siuarpaidug
Iaguny 101(Q
s191(q (eruowIddxyg oY) Jo mopisodmoy ‘f 9jqwl

—RUEEH IR —E

—_ 75 —



=— (8D

a . ICN Pharmaceuticals, Inc., Cleveland, Ohio, U.S.A.

b. Superior white fine granulated sugar, Taiwan Sugar Co.

¢ . Mineral mixture contained the following ingredients per 100g: KH,PO,, 38.9g; CaCO;,,
38.14g; Nacl, 13.93g; MgSO,, 5.73g; MnSO,«H,0, 0.401g; KI, 0.079g; ZnSO,+7H,0,
0.0548g; CoCl,¢6H,0, 0.023g and alphacel to make up 100g.

d. Vitamin mixture contained the following ingredients per gram: Vitamin A, 2000 IU;
Vitamin D, 200 IU; Menadione, 0.5mg; Choline, 200mg; p-Aminobenzoic acid,
10mg; Inositol, 10mg; Niacin, 4mg; Calcium D-pantothenate, 4mg; Riboflavin,
0.8mg; Thiamine-HCl, 0.5mg; Pyridoxine.HCIl, 0.5mg; Folic acid, 0.2mg; Biotin,
0.04mg; Vitamin By;, 0.003mg and Glucose to make up 1g.

e . Freeze dried Antarciic krill powder. Antarctic krills were obtained from Taiwan
Fisheries Research Institute and freeze dried by Dragon Gate Food Corporation, then
powdered by hardware blender. By analyses, krill powder contained 3% moisture,
66.2% crude protein, 13.4% crude fat, 94ppm Fe and 82ppm Cu.

f . Defatted with n-hexane.

g. Casein from milk, Sigma Chemical Co., St. Louis, Mo., U.S.A. By analyses,
casein powder contained 9% moisture, 89% crude protein and 0.07% crude fat.

h. Yung Chien Chlorella Co., Chia-I, Taiwan.

i . Alphacel, non-nutritive bulk, was added to make up 100%. ICN Pharmaceuticals,
Inc., Cleveland, Ohio.
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A Study on PER of Freeze Dried and
Hot-air Dried Antarctic Krill,
Euphausia superba, in the Growing Rat

% W K

Ching-Min E. Tsar*

ABSTRACT

The purposes of this trial were to determine the protein efficiency ratio of Antarctic
krill, Euphausia superba and to compare the processing effects of freeze dried and
hot-air dried methods on the nutritional value of its protein.

The growth rate and PER value of the rats fed freeze dried Antarctic krill diet was
much higher (P<0.01) than those of the rats fed casein diet. However, the growth rate
and PER value of the rats fed hot-air dried Antarctic kriil diet were slightly lower
(P<0.10) than those of the rats fed casein diet.

The finding of this study indicates that the biological quality of Antarctic krill
protein is higher than that of casein which is regarded as a very high quality protein
and is frequently used as a control protein for PER studies. Its quality, however, can
be interfered due to the methods of processing. It is worthy of further studies to
improve the technique of processing which coss less and can preserve higher protein

quality of Antarctic krill.

i

TfERs (Euphausia superba) BRI 4~6 A2 » HHW B B —& € 89
(Arthropoda) » BGEE MBI B IS Z T © MEEr (1) HAEERER 11.5~50 RAM » BRT& iR

il

* g kB AR&%Z (Department of Nutrition and Food Science, Fu Jen University)
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ZEME » DERHAKEYEFERVYVEERE  BREHERERMAE -
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» BESREEL  KZELREFEBRGZAESH (2,3,4,5,6) « ZRAETYRABELZE
ik RIRFORBR - HR Arai £ (7) R 1976 SE@EAT AIERE R BRI Z P ER JERR » 1977 4
MatsumotoF (8) HEiERBBRESEMA/NNEY » FEREZEMFRNSYERISEE
EWAARER (9) WP ERENPURR - AEMRZEH » THENEMEHBHEDEFEARZEYH
2 > [ R LB E R AR R R B o

BB U5

AFEHSRAIERE N EER (Wistar rats) » BER2~455 » ZEAEM (Randomly)
TPHEE=M » FEKEIE  ERSRARETRSHOATE » ANNE—Z 3BTREN o k2
EEURAA.0.A.C. (10) W5k » HRRAGME—FTF o

F— REBREEERD
Table 1. Composition of the Experimental Diets.

Diet number
Ingredients, %

1* 20 3¢
Casein® 11.2 — —
Freeze dried Antarctic Krill powder® — 15.1 —
Hot-air dried Antarctic Krill powder® — — 18.7
Corn starch® 46.0 44.9 41.3
Sucrose® 25.0 25.0 25.0
Corn oil! 8.0 6.0 6.0
Mineral mixture’ 5.0 5.0 5.0
Vitamin mixture® 1.0 1.0 1.0
Alphacel! 3.8 3.0 3.0

. By analyses, diet 1 contained 10.17% crude protein and 8.11% crude fat.

o o®

. By analyses, diet 2 contained 10.02% crude protein and 8.03% crude fat.

[¢]

. By analyses, diet 3 contained 10.06% crude protein and 8.28% crude fat.
d. Casein from milk, Sigma Chemical Co., St. Louis, Mo., U.S.A. By analyses,
casein powder contained 9% moisture, 89% crude protein and 0.07% crude fat.

e. Antarctic Krills were obtained from Taiwan Fisheries Research Institute and freeze



dried by Dragon Gate Food Corporation, then powdered by a hardware blender. By
analyses, freeze dried Antarctic Krill powder contained 3% moisture, 66.2% crude
protein and 13.4% crude fat.

. Hot-air dried Antarctic Krill powder was provided by Taiwan Fisheries Research
Institute. Antarctic Krills were cooked in boiling water until krills floated out.
Then they were drip dried under shade and hot-air dried at 140°C for 90 minutes,
and powdered by a hardware blender. By analyses, hot-air dried Antarctic Krill
powder' contained 9.5% moisture, 53.49% crude protein, and 12.5% crude fat.

. ICN Pharmaceuticals, Inc., Cleveland, Ohio, U.S.A.

h. Superior white fine granulated sugar, Taiwan Sugar Co.

i. Mazola Pure Corn Oil, Best Foods, A division of CPC International Inc., Englewood

Cliffs, N.J., U.S.A.

j. Mineral mixture contained the following ingredients per 100g: KH,PO,, 38.9g; CaCO;,
38.14g; NaCl, 13.93g; MgSO, anhyd., 5.73g; FeSO,.7H;0, 2.7g; MnSO,. H.0,
. 0.401g; KI, 0.079g; ZnSO, e« TH;0, 0.0548g; CuSO, s 5H;0, 0.0477g; CoCl,« 6H,0,
0.023g and alphacel to make up 100g.

. Vitamin mixture contained the following ingredients per gram: Vitamin A, 2000 IU;
Vitamin D, 200 IU; Vitamin E, 10 IU; Menadione, 0.5 mg; Choline, 200 mg;
p-Aminobenzoic acid, 10 mg; Inositol, 10 mg; Niacin, 4 mg; Calcium D-pantothenate,
4 mg; Riboflavin, 0.8 mg; Thiamine ‘HCI, 0.5 mg; Pyridoxine ‘HCl, 0.5 mg; Foltc
acid, 0.2 mg; Biotin, 0.04 mg; Vitamin By;, 0.003 mg and Glucose to make up 1 g.
. Alphacel, Non Nutritive Bulk; ICN Pharmaceuticals, Inc., Cleveland, Ohio, U.S.A.

FAZEER + H—BA L6 EayaRBRE » B EAL 835 » H=~ [WBI0TE o HRF=KZ

ity D1 0 VENEREFT &z &8 » fEREEERRER o WAERWHLNREZ MK » AR
28K o BB RF20+2° CRI2NREZ NS » 45 4 RIFE—XK B8 E » HE5HEE Standard deviation, F test

#1 Duncan multiple range test®?,12, 182,

i RS A

AEBRIE 3 HRELRES » B NRRRR I EBERE O EAEZ 3 BAR R (

£—) o HBEERNNEY » IRTHR o

ETREN AR R e B AR — IR o I0 L BREERY M A RS B MR YA BRI PR A 1 s
BE B LR A A AR o SUEEREER  MARGES A MAR » BHRTRERGE 2R MM
## (Limiting amino acids) WERRREIHWLIFES  HBOAEBHBRENRES B HER
ZAEEE  ARBRAGESEY (R—) KERZI AR
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Table 2. The means of weight gain in the growing rat (g)*.

Treatments
Casein (Controly breeze dried - Hovalr dried

4 5.1+0.6 5.9+0.8" 4.8+0.8

12.1+0.8 13.7+0.6° 11.5+1.0
12 21.5+1.1 24.9+1.6° 21.0+1.7
16 33.4+1.3 37.8+2.4° 32.6+2.5
20 45.9+2.2 50.4+3.1° 43,9+4-3.3
24 55.8+2.4 62.9+1.8° 52.0+2.8¢°
28 63.0+2.7 69.1+2.2° 60.542.4¢

a. Each data is the mean of 10 replications+S.D.
b. P<0.01 vs control.
c. P<0.10 vs control.

MR GED B AR EgmEmEnnER » RAeRBHANBERZEREZE(P 0.01)
BYR TN o ZUAE DIAR R BB B 8 » HHZERE » Rz BERELEAEMREND
A (P>0.10) » B3| THE—E » THABRKBEATEEWE » I TREEBEL » ALEEELR
EEHENEER  HANRED (AHFECREMRD & HAeRFRBEE (P<0.10) o

AEBRBEREZABHAMAZE (PER) » AR=FR o WaRREERS P ER » fEH (P
0.01) RRABZBEEEHERRES  MEAGER (P<0.100 » BUREREEBHE o

£= BREZAHENAS (RR28K

Table 3. Protein efficiency ratio in 28 days.

. Total protein N
Treatments # of rats Gain/4 wk(g) intake (g) PER
Casein (Control) 10 63.0+2.7 24.2 2.60+0.11
Freeze dried Antarctic krill 10 69.1+2.2 23.9 2.89+0,09°
Hot-air dried Antarctic krill 10 60.5+2.4 24.0 2.52+0.10°

a. Protein efficiency ratio.
b. P<0.01 vs control.
c. P<0.10 vs control.
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A |

ARBAERER  HEBELAEE LERAERR 2EAR  AFRNTHEZ 2 RMHMESA
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ERHEERERRMEAADRORED » LRAEEHZR - AR EREREMETS » ARELR
BEIAAKRRE RS A BBIR Z BolE T IE o TSBEMTRM b » H AR L MBI ZERBE » K
THRBERR M — S E R M EAA » — 7 T 5 R HL B 2 T o REah A B A0 DA o

HESHEEE » BHREE A KRR M AREARMERINTHE » DA RS AR
EEREE AR - HRBERERZEE » AEAZE » BREhw DMeE R A& » BEREHEZ
FRIEIUELE o

B 1 AMRZHBERARMREERERR B o
2. APAZERT O 2 BUR R R B R BRI » (REAERBRFTBE G » FrOLaEs) o
3. AT REREGERESY - EXAMEBEEAKERRFTHSREERATRZRE
ERRIBE > (FEELEEHRE

2 % X #

I Ew& 1976, FEBEEERRESMEAROTEEE SEAE 217: 3-15.
2. Yanase, M. 1971. Chemical composition of Euphausia superba and its utilization
as condensed solubles for human food. Bull. Tokai Reg. Fish. Res. Lab. 65: 59-66.
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Effects of Various Dehydration Treatments on the
Protein Quality of Antarctic Krill Powder

O#W B

Chao-Tung Sun*

ABSTRACT

Antarctic krill (FEuphausia superba) powder were prepared with the various
dehydration methods of freeze-drying, preboiled sun-drying, and microwave oven-drying,
respectively.  Nutritive values of these powder were determined by feeding each 6
weanling rats of Sprague-Dewley strain for 28 days under the condition ad libitum.
The PER and NPU of E. superba powder were 2.32, 2.50, 1.56 and 6:2.7, 64.5, 58.2,
respectively. The nutritive value, colour, and flavour had negative correlation with the
contents of free amino acids and peptides in E. superba powder preparations. The rates
of autolysis of fresh E. superba in some higher-concentration NaCl solutions were also
determined. The results revealed that the best NaCl concentration for preparation of

high quality E. superba sauce with fine protein dissolution is between 16-18% by weight.

4

i}

HEER-EENEECRRR  HRREITRAMNELESHERZHAS  MRREFZER - AH
EREE > REER  REBEFER » 19774 » KEWHRITEHARBLEERRE » LHEE RERE
iR NI - EREEITRREBRAEEES  REE MR REEREE  ZREETHEXE
WAt SRMTEALERTRRZER o %~ B~ &> HHRER > ABEHE » MRNIRERZHR
ERBRRLEO o BARBFR® 1 BREHBIBERREKFNARF T 7o E  RUTNHER SR
BBEZHEE o AREAGTZHEIF » MREXEDBRIER > HFEFR o XEREEELER

* AT EHEEEENEKESZETR (Dept of Fisheries Technology, Provincial Kaohsiung
Institute of Marine Technology).
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1. EiGuE (Antarctic krill s B4 » Euphausia superba) ; PRI9TTEETH /A s ISR
B » E?ﬂik@ﬂ%?\%@@zoﬁﬁ;ﬁz/@ﬁéﬁ: s AR BIGEFTIRTRAAS » 7 A WEEEE R 3
HER B B 6 2 30 D IR » #8 i AE —20° CTR PR o

2. BN 5

(1) BRI (Freeze dried E. superba powder) ; $aiERE T 2 EBIEESEZT »
YEfTUK G AT AK » BEAKTEEE » LGB » (E5 285 80 mesh ZEAMHA o X
ROMHBEAEEERS3.0%

(2) FEZHIEEIEY (Pre-boiled sun-dried E. superba powder) ; YSmFHIREET 2 HiER
INIL s A EZ—ERBBBZRK S TRERERE WIS E  DITE20EE
KEHE® s BB REE AR HERBERZEEBMEARES0°C » RARBRRET
¥y » BAESE2 @M 80 mesh ZEiE » WA NMHEREEER6.1% -

(®) HPFELBIEYy (Microwave oven dried E. superba powder) ; ElEASihfEEgfaER 6(0
AL BRHERPREAH BMREBEENZASL  URZATFH /NI EENE > &
B 7.5 R HE—/ P EERHELHE - EEAMTHERESERS.0%

3. HAuRREE  BRAEE  WHL S BR B R T ERMHTSL » SRR HATDEA TR M2 8%
B o

ZoRBRAEE

1. TR RB A A K RIREZ BIRE s W2 EEER 1.5 AF » HNBANEEE=ZATZE
g REFTLBIFON 22, 20, 18, 16% (ZRAMEENE) A% > BNEARKE=ZAALER » #
9 GR/VNRHER 80mesh 2 EEAREGT K 10 =F- s EASOEABTEZHELRAE D » EAEKIO=ZSA
47 3,000 r.p.m ZROAHEELOS S - 15 EERRMIARE « M BIEREY B R EEET ) DBREN
DR 102 WENER=X » BEALBERS M > Dl Kjeldahl method RIFAEH » FFEL
6.25 s {FRIRE B ER/LREBZIBE o
2. BHEH L, (Protein Efficiency Ratio, PER) ZHIE :
o BYEREZAR ;s WREDHBINKE » BOEM » D HCl FHEpHE 3.5~3.6 » DR
ERUTHE » WATEERE » WEE TATEERA » BUHDUTHSEE BB iR B R » S48 a TR
6.25» RB[EEBEERS0.2%
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Table 1. Compositions of rats diet (contg. 10% protein)

. _ ~ control freeze-dried %f;l’g;}gg microwave oven
ingredients (ca_sem) E. Sgperba E. superba dried E; sup%rba
prot.=50.2% prot.=53.0% prot. —46.1% prot.=50.0%
protein source 20.0 18.9 21.7 20.0
starch 53.0 54.1 51.3 53.0
sucrose 13.0 13.0 13.0 13.0
oil 10.0 10.0 10.0 10.0
cellulose 2.0 2.0 2.0 2.0
vit. mixture 1.0 1.0 1.0 1.0
salts mixture 1.0 1.0 1.0 1.0

@ SHLIEEHSORTE » g2 Sprague-Dewley AMBARNEAZE » £ 5H#8R -
EHAENA (ad libitum) » SEFRBE—K > LIGTHEREY » #312 P ER{E»
EHEHAERRE » LA TR E LR ARS BB ETZ o

3. WEMEFAZE (Net Protein Utilization, NPU) Z %

TR EKS0ATERIEES 2 Sprague-Dewley B AHR » ARSZER—R» {7 » HHENE

ZlfEsEE  H—HAEANEEREzEN (BEEESENNZ) o HEHENEP ERZH MR

o R+ K% » DIZEkFIE: » P EAZ » £—20° CRHZER » B » MIEHREAS#E » Ll Kjeldahl
method RFHHER » KETENPUZA» HEMEBHBSREETZP
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Fig. 1 Effects of salt concentration on autolysis of E. superba
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R FHEEEER2ZPERKNPUME
Table 2. The PER, NPU, and weight gain of rats fed with various

E. superba powder.

body weight* protein | measured | corrected
treatments initial final gain/4 intake NPU
B (gm) | (gm) |wks(gm)| (®™) | PER | PER
[

control (casein) 49.2+0.25181.7+16.5 132.5 36.29 3.66 2.50 |68.3x4.5
ffegzes':};f;‘l'm 49.1+1.74119.9+7.5|  70.9 | 20.89 3.39 2.32 [62.7+4.9
pre-boiled, sun-dried

. uperba 50.9+2.5 [112.0+105)  61.9 16.86 3.67 2.50 [64.5+8.1
microwaye superba |96-0£2.2389.49.1 | 33.4 | 14.66 2.28 1.56 [58.2+5.4

* Each value is the average of 6 determinations+S.D.
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AN=TFT= s hBEA— s BJE=J ; Bull. Jap. Soc. Sci. Fish. 31, 302~306, (1965).
MBS » —FARE—» IMAEF ;5 New Food Ind. (HA) 17 (12), 25-28 (1975)

SEHE R EERE - KEER  FUEKWH » 85, 1~2, (1976).

FEERE » BHEBI=E » BOBE » KREEE § EKWIR » 85, 13~30 (1976).

ZEPAE » ZHAHESS 5 Bull. Jap. Soc. Sci. Fish. 43, 559~565, (1977).
BAET » —IRFE— HEXZ > WIHEB SARER ; SBLAE 20 (6), 347~350
(1976).

FIER#Es 3 New Food Ind. (HA) 19 (1), 41~43 (1977).

BAET » —RZE— EHEXZ BIIEB - RERK ERZAE> 29 (6), 307~310
(1976).

FHMR  KEBRT » BILNET » BAFELK » ZHAKE LR L AR 28 (3), 191~194
(1975).

EHME » ABET  BIUBT » 2AHERE  =HNEE ERLAE 29 (1), 35~38
(1976).

PRACE » AR R 5 KEAYE (T) » 23~28F» BCA™ > it (1976).
THABARTEHRER AN TEERE LE > SUI~524F» #EE » B35 » (1970).

Jens Adler-Nissen; J. Agric. Food Chem. 24 (6), 1090~1093 (1976).
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The Study on the New Food Product Development
on Antarctic Krill——Biscuits and Crackers

®oOR =

Jean-May TsSIANG *
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A Survey of Antarctic Krill

Consumption in Taiwan

oo =

Woan-Huey Lin*

SUMMARY

An experimental ship, named Hai-Kong, was dispatched to the Antarctic Ocean by
the government in December, 1976. The goal of this navigation was exploring new food
resources of the sea and new fishing grounds. Four months later, 136 tons of krill had
been caught and brought back to Taiwan. About 30 tons were consumed, and the others
were used for research. The main purpose of this survey focuses on understanding the
consumers’ response of krill consumption. Two kinds of sample, krill purchasers and the
recipients of gift krill, were investigated. The survey data of 977 consumer families
were collected by mail in questionaire form. The survey results are as follows:

1. Most of the families under survey were in ignorance of krill in the past. After
it was introduced into Taiwan, the information sources of krill of these families
were largely from newspaper, i.e, 83%; from television, 29%.

2. Among all the buying motivations of krill, 85% of the purchases indicated
curiosity, and less than 17% purchased for nutrition consideration.

3. After tasting krill, 39% of the families declared delicious, 55% thought the taste
was ordinary, and 6% regarded it to be not good. Compare with shrimp, 34.39%
of the consumers preferred to krill; 35.93% thought they were indifferent and
29.68% preferred to shrimp.

4. Refer to cooking of krill, 50% of the families had made krill into krill ball;

* RS EREE EEE R (Department of Agricultural Marketing, College of
Agriculture, National Chung-Hsing University)
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289 cooked it by frying, and “easy to cook” was reported by more than 75%
consumers as the others had some troubles to cook. False cooking would spoil
the flavor of krill and alter eater’s taste.

5. 65% of the consumers expect constant purchase if krill are on the market, but 35%
declined to buy.

6. The reasons for the consumers to eat krill are “not polluted”, “delicious”, and
“nutritious”, while the reasons to decline it are “no flavor”, and “bad flavor”.

7. The proportion of the consumers who prefer to fresh krill are almost identical to
those prefer to processed krill, and they suggest some favorite processed types,

such as, krill sauce, krill oil, krill powder, krill cake and dried krill.

As described above, the potential consumption of the Antarctic krill has a promising
futare in domestic market. If commercialized production is adopted in near future, the
catching & transportation cost of krill must be considered, and a sound selling system

should be established as soon as possible.

— ~ PRI B Ry
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BHEREE | B [REREERHIRAEE ] MIMOETZ o fi& B2 AER BT RR r T 28
B REMBAERERATBRTEETHRABERETIRCREE o [ZEFEBEREX] X MEBR
BHREREE | MRHEEREDBNAEATR » RERFANFHAERSRERND » LAHDERNRE » —mKER
BATERENSERBMRFZRERQRRE » BFELRR ; H—REREZFERBERIRC I~ 2
~ EHAERSHERERATRR 2 B8R THHE » RE—REXBREEER » ARWBEALEMNE—
{3 s FHNRARBRRE » FEFAR o DAEERARS L LWL XMNEERRERATSRE 2B
45 » EIMEHEREREHAERRESZHERBYM—REROOHE » DIRHESNZBE - ZRE
A RETEEH 730 f » FEI301H » EINER41.23% 5 B RETFEARE B 2,200 £ » Z[E 676 2 » [l
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Table 1. Sample distribution of krill consumption survey

(Answered letters)

recipient purchaser total
mailed letter 730 2,200 2,930
answered letter 301 676 971
answered ratio 41.23% 30.72% 33.34%
=~ AEERSN

O REEHKEMZHEELT

EREREE AR REREZN » HARMAEEE—RAKESZRFRTY o REFHEZHE
™ (WEDD o EEZFEEN 97T BT » B17. 8% WRBERTREREAKEM. » 21. 105 HREEE
AR » RAL. QZHRBEEFIRNERRAKER » WREZBHIUERES PN EIBE » BIsZEs:
R HEIEY 301 Frf s F77.08% FERKKRKESR » 22.92% FERRA—5E » FNERKERA s £ER
BT K EIR Y 676 Feb » A577.37% FERKAKER » 21 ISR » 1. BRBERTKERK
RAKESR o LA » BRSBABERARAKER » FERMBTTLRR » 8E77% D ERRETRER
RBHRZREER
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ERES » PRATHR B o LB TIIEE b B EHE -

Table 2. Comsumer’s preference for seafood

preference like dislike No Opinion total
M el g ot % f % £ %
northern 130 | 82.82 — — 28 | 17.72 158 100
recipient central 102 | 71.33 — — 41 | 28.67 143 100
| sub-total 232 | 77.08 — — 69 ' 22.92 301 | 100
northern 398 | 80.41 1 0.20 9 | 19.39 495 100
central 88 | 69.29 6 472 33 2599 | 127 | 100
purchaser .
southern 37 | 68.52 3 5.56 14 | 25.92 54 100
sub-total 523 | 77.37 10 1.48 143 | 21.15 676 100
northern 528 | 80.86 1 0.15 124 | 18.99 653 100
central 190 | 70.37 6 2.22 74 | 27.41 270 100
total southern 37 |68.52 3 5.56 14 | 25.92 54 100
sub-total 755 | 77.28 10 1.02 212 | 21.70 977 100

* f: frequency

© BRENBEZRR
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Table 3. Information sources of krill consumption
. . ical .
source | newspaper | television socica’ | neighbor others
\ communicatior total
region — f % f % f % f % f %
northern | 115 | 72,78 76 | 48.10 15 9.49 1 [0.63| 12 |7.59| 158
recipient | central 105 | 73.421 88 |61.53) 5 3.50 1 ,0.70 1 |0.70| 143
sub-total | 220 | 73.09 164 | 54.49 20 6.64 2 |0.66| 13 |4.32| 301
northern | 446 | 90.10, 83 | 16.77 — — 15 | 3.03| 22 [4.44| 495
central 105 | 82.68 24 | 18.90, — — 2 |1.57] 10 [7.87| 127
purchaser
southern 42| 77.78) 15| 27.7§] — — 3 |5.56 5 |19.26 54
sub-total | 593 | 87.72 122 | 18.05 — — 20 [2.96 | 37 |5.47| 676
northern | 561 | 85.91] 159 | 24,35 15 2.30 16 [2.45| 34 |5.21| 653
. central 210 | 77.78] 112 | 41.48 5 1.85 3 [1.11| 11 | 4.07| 270
tota
southern 42 | 77.78) 15| 27.78 — — 3 |5.56 5 19.26 54
sub-total | 813 | 83.21| 286 | 29.27] 20 2.05 22 |2.25| 50 |5.12) 9717

AR ZBREBEASYRE [F5] HOETRABFBE »
BRUENIE1% % BREKEENT.4% » HMEE2% BEERD)  REZPERBEREAS A
AINRDRBEEARATERREKEM. » MEYXRERBAE » ZEREHBEIFTTER o BHRERA
E—EATER  HESIUEX » EFFOLETRATIDATS  HETOAE » THEE [FE] R
R EERE  DERENEORBIRZER - WREEBENREERERE  LRIARERE
WE AMAALEEE RS ] ~ TERER] ~ [EAEFR] ~ TEkEE] ~ [FAEGE]

SRR o LEISEERYEBEANER o AARKREETIA » SIEEENHEZSRERB R

o

FHE8S% DL E » THE R B RE BB E R Bk iR

Table 4. Purchasing motivations of krill consumers

. . . . triti .
\\\ » motivation curiosity co?ll;iﬁlerlg?i on cheaper price others total
. ‘\--\
region — | f % f % f % f %
northern 423 | 85.45 75| 15.15] 39 7.88 6 1.21 495
central 111 | 87.40 29 | 22.83 8 6.30 4 3.15 127
purchaser
southern 42| 71.78 10| 18.52 3 5.56 3 5.56 54
total 576 | 85.21| 114 | 16.86 | 50 7.40 13 1.92 676
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Table 5. Consumer’s opinions about the flavor of krill
\ opinion delicious ordinary not good total
region T | ¢ % f Q % f % f %
l |
northern ‘ 51 32.28 105 | 66.46 2 1.26 158 100
recipient central 51 | 35.66 74 1 51.75 18 | 12.59 143 100
sub-total 102 | 33.89 179 | 59.47 20 6.64 301 100
northern 198 | 40.00 269 | 54.34 28 5.66 495 100
central 54 | 42.52 64 | 50.39 9 7.09 127 100
purchaser
southern 25 | 46.30 21 38.89 8 | 14.81 54 100
sub-total 277 | 40.98 354 | 52.37 45 6.65 676 100
northern 249 | 38.13 374 1 57.27 30 4.60 653 100
central 105 | 38.89 138 ‘ S5i.11 27 | 10.00 270 100
total '
southern 25 | 46.30 21 | 38.89 8 |14.81 54 100
sub-total 379 | 38.79 533 | 54.36 65 6.65 977 100
Table 6. Comparasion of the flavor of krill to shrimp
\ comparasion better worse ‘ indifferent total
LT~ a ,
region T~ Cf % £ % | f % f %
northern 43 | 27.21 54 | 34.18 61 | 38.61 158 100
recipient central 40 | 27.97 42 | 29.37 61 | 42.66 143 100
sub-total 83 | 27.58 9 | 31.89 122 | 40.53 301 100
northern 177 | 35.76 135 I 27.27 183 | 36.97 495 100
central 54 | 42.52 39 1 30.71 34 | 26.77 127 100
purchaser
southern 22 | 40.74 20 | 37.04 12 | 22.22 54 100
sub-total 253 | 37.43 194 | 28.70 229 | 33.87 676 100
northern 220 | 33.69 189 | 28.94 244 | 37.37 653 100
) central 94 | 34.81 81 | 30.00 95 | 35.19 270 100
tota
southern 22 | 40.74 20 | 37.04 12 | 22,22 54 100
sub-total 336 | 34.39 290 | 29.68 351 | 35.93 977 100
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Table 7-1. Different methods for krill cooking of krill gift recipients

\\ fno‘;lggg \making soup | sauteing frying Cg;g;ﬁl:gt others .
™~ tota
region | f | % | f | % | f|%|f|%|f|%
northern 12 7.59 57 | 36.08] 64 | 40.51 59 | 37. 34l 14 | 8.86 158
central 18 | 12.59) 31 | 21.68| 86 60.14! 29 [20.28 11 | 7.69 | « 143
total 30 9.97| 83 | 29.24 150 49.83; 88 29.24! 25 | 8.31 301
Table 7-2. Different methods for krill cooking of purchasers
™ cooking . sauteing making : making
“_method | 0aKINg SOUP | it egg krill ball sauteing krill cake
region \ f % f % f % f % £ %
northern 41 8.28 13 2.63 | 321 |64.85 | 157 |31.72 12 2.42
central 12 9.45 71 | 55.91 29 | 22.83 30 |23.62 31 | 24.41
southern 4 7.41 13 | 24.07 13 | 24.07 8 | 14.81 11 | 20.37
total 57 8.43 97 | 14.35 | 363 | 53.70 | 195 | 28.85 54 7.99
‘ cooking sauteing cooking with using as
™~ method with leek bean curd condiment others total
regic\ t % |t % |t % | t| %
northern —_— —_ — — 95 | 19.19 13 2.63 495
central i 5.51 14 | 11.02 9 7.09 6 4.72 127
southern 6 |11.11 | 13 |24.07 9 [16.67 | — — 54
total 13 1.92 27 3.99 | 113 | 16.72 19 2.81 676
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Table 8.

Consumer’s preference for krill

\\ preference like dislike total
region T ] f % f % f %
o |
northern 452 56.22 | 352 43.78 | 804 100
recipient central 368 57.50 272 42.50 640 100
sub-~total 820 56.79 ‘ 624 43.21 1,444 100
northern 1,566 70.80 646 29.20 2,212 100
central 404 62.15 246 37.85 650 100
purchaser
southern 192 70.59 80 29.41 272 100
sub-total 2,162 68.99 972 31.01 3,134 100
northern 2,018 66.91 998 33.09 3,016 100
central 772 59.84 518 40.16 1,290 100
tota
southern 192 70.59 80 29.41 272 100
sub-total 2,982 65.14 1,596 34.86 4,578 100
Table 9. Consumet’s preference for krill and shrimp
_\\ prefer to shrimp \ krill both total
\\ R
region \‘\\\ ( f l 2% | f ‘ % f % f %
northern 65 141.14 11 , 6.96 82 | 51.90 158 100
recipient central 66 | 46.15 23 | 16.09 54 | 37.76 143 100
sub-total | 131 | 43.52 34 | 11.30 136 | 45.18 301 100
i
| northern 147 | 29.70 104 | 21.0t 244 | 49.29 495 100
central 45 | 35.43 19 | 14.96 63 | 49.61 127 100
purchaser
southern 18 | 33.33 9 |16.67 27 | 50.00 54 100
sub-~total 210 | 31.06 132 | 19.53 334 | 49.41 676 100
northern 212 | 32.47 115 | 17.61 326 |49.92 653 100
central 111 | 41.11 42 115.56 117 | 43.33 270 100
total
southern 18 |33.33 9 | 16.67 27 | 50.00 54 100
sub-total 341 | 34.90 166 | 16.99 470 | 48.11 977 100
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Table 10. Reasons of consumer’s preference for krill

T __ reason | delicious | pollllx?tted nutritious | price fair E;Sgartg others total
region Nl |t st % | tl% |t % | tlw |
northern | 11 100.00' 8| 72.83 8| 72.73 — — 2]18.18 8 72.73 11
recipient | central | 11 | 47.83 5| 21.74] 12 | 52.17| — — 5(21.74 2 8.70 23
sub-total | 22 | 64.71| 13 | 38.24| 20 | 58.82| — —{ 7120.59 10 | 29.41 34
northern | 40 | 38.46| 48 | 46.15| 36 | 34.62| 30 | 28.85| 39 | 37.50 17 | 16.35 104
central | 12| 63.16) 11 | 57.89 5| 26.32| 6 | 31.58 8 |42.11 1| 5.26 19
purchaser southern | 2|22.221 5| 55.55 3 |33.33 3| 33.33 — — — — 9
sub-total | 54 | 40.91| 64 | 48.48| 44 | 33.33| 39 | 29.55 47 | 35.61| 18 | 13.64] 132
northern | 51 | 44.35| 56 48.70‘ 44 | 38.26| 30 | 26.09| 41 | 35.65| 25 | 21.74| 115
central | 23 | 54.76| 16 38.10> 17 | 40.48) 6 | 14.29| 13 | 30.95 3| 7.14 42
total southern | 2 |22.22) 5| 55.55 3|33.33 3| 33.33 — — — — 9
sub-total | 76 | 45.78| 77 46.39| 64 | 38.55| 39 | 23.49| 54 | 32.53| 28 | 16.87 166
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Table 11. Reasons of consumer’s preference for shrimp

. . ss easy to | fair
reason | delicious |nutritious prepare | price fleshy | fresh | others wotal
region € % |t % 5 % |t % |t| % |t % |t %
{ |

9.002 3.64 7 12.73 7: 12.73

northern 40, 72.73, — —5 5 9.09] 55
recipient | central 20 44.44) 2| 4.44/ 4/ 8.89— — 1 2.22-‘10; 22,22 1‘ 2.22) 45
sub-total | 60 60.00 2 2.00i 9l 9.002| 2.00 8 8.0017!i 17.00' 6; 6.00 100
northern 69 57.500 5| 4.1718 15.002| 1.67| 3| 2.5020 16.67‘ 7| 5.83) 120
central 29/ 65.91| 3| 6.82— —|2| 4.5529] 65.91— — 44
purchaser,
southern 14/ 87.50, 2| 12.50— —|2| 12.50 5| 31.25 3| 18.75— . — 16
sub-total | 112| 62.22| 10 5.56!18 10.0%6 3.33)37) 20.56/23/ 12.78 7| 3.89, 180
northern | 109 62.29, 5 2.8623| 13.14/4| 2.29110| 5.7127| 15.43]12] 6.86 175
central 49 55.0.6{ 5| 5.621 4/ 4.49/2| 2.2530 33.71/10) 11.24/ 1| 1.12 89
total southern 14| 87.50 2/ 12.50— —I2] 12.50 5| 31.25 3; 18.75— — 16
sub-total | 172 61.43: 12 4.2927 9.6418 2.86‘45 16.07/40! 14.29/13] 4.63 280

OERFE —ERTTERARERR THEAH) FREKAEEEBNER » M5 23.49%

T RERERPEREZEERER o 951 A1 K IEf BRI T 6 E SR — R 50 5 > 514£66.03%

R+ - BBRMZEEHE » 5k 24.82% » R 9.15% RE RIS R Wi —RIEE 2 - T
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Table 12. Reasons of consumer’s disinterest in krill
wn u:gog;r:;)n;ggt :nsavory flavorless | ucn(;(origg%l others otal
region - f % f % f % f % f l %
northern 8 | 14.55| 6 %10.91 28 | 50.91 — — 20 36.36; 55
recipient | central 17 |28.33 9 |15.00 24 | 40.00, — — 15 | 25.00 60
( sub-total | 25 |21.74 15 | 13.04 52 |45.22] — —| 35 |30.43 115
northern 29 | 17.47) 24 | 14.46, 66 | 39.76| 43 | 25.90 58 | 34.94 166
central 4 7.69 8 115.38 17 | 32.69 18 |34.62 11 | 21.15 52
purchaser
southern 5 |18.52] 4 |14.81] 8 129.63 7 |25.93 6 |22.22 27
sub-total | 38 | 15.51 36 | 14.69 91 | 37.14 68 | 27.76, 75 | 30.61| 245
northern 37 | 16.74) 30 | 13.57| 94 | 42.53] 43 | 19.47] 78 | 35.29 221
) central 21 | 18.75 17 | 15.18/ 41 | 36.61] 18 | 16.07| 26 | 23.21 112
tota
southern 5 |18.52) 4 |14.81] 8 |29.63) 7 |25.93 1 |22.22 27
sub-total | 63 | 17.50 51 | 14.17 143 | 39.72| 68 | 18.89| 110 | 30.56| 360
Table 13. Consumer’s opinions about the cookings of krill
- opinion inconvenient | convenient total
region f % f | f %
northern 20 13.07 133 86.93 153 100
recipient central 47 36.15 83 63.85 130 100
sub-total 67 23.68 216 76.32 283 100
northern 107 21.62 388 78.38 495 100
central 33 25.98 94 74.02 127 100
purchaser
southern 22 40.74 32 59.26 54 100
sub-total 162 23.96 514 76.04 676 100
northern 127 19.60 521 80.40 648 100
central 30 31.13 177 68.87 257 100
total
southern 22 40.74 32 59.26 54 100
sub-total 229 23.88 730 76.12 959 100
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Table 14. Price comparasion of krill to shrimp

\ comparasion cheaper more expensive same total
~
region T~ f % f % f % f %
northern 184 | 70.27 15 10.14 29 |19.59 148 100
recipient central 8 |67.72 18 | 14.17 23 | 18.11 127 100
sub-total I 190 | 69.09 33 | 12.00 52 | 18.91 275 100
northern ' 314 | 63.43 39 7.88 142 | 28.69 495 100
central 97 | 76.38 5 3.94 25 | 19.68 127 100
purchaser ,
southern | 27 | 50.00 10 | 18.52 17 | 31.48 54 100
sub-total 438 | 64.79 54 7.99 184 |27.22 | 676 100
|
northern 418 | 65.01 54 8.40 171 [26.59 | 643 100
central 183 72.05 23 9.05 | 48 | 18.90 254 100
total ! |
southern 27 =50.00 10 | 18.52 17 | 31.48 | 54 100
sub-total 628 566.03 87 9.15 236 | 24.82 ‘ 951 100
Table 15. Expected resonable price of consumers unit: NT$/kg
—
\ price under NT$ 50 above wotal
\ under 30 | 30-40 40-50 | sub-total | NT$ 50
regton e f |t % | Bt % |t % |t %
northern — — — — — — 117 85.40; 20 14.60I 137 100
recipient central — — — — — — 106; 86.18/ 17| 13.82 123| 100
sub-total — — — — — —| 223 85.77| 37| 14.23] 260 100
northern 138 31.65| 200 45.87| 37 8.49 375 86.01| 61| 13.99 436| 100
central 57! 44.88| 60 47.25 10 7.87 127/100.00] — — 127, 100
purchaser
southern 12| 22.22| 33 61.11| 8 14.82 53 98.15| 1| 1.85 54/ 100
sub-total ' 207| 33.55 293, 47.49| 55 8.91i 555 89.95 62 10'05i 617 100
|
northern — — — —_ — — 492 85.86 81| 14.14) 573 100
central — — — — — — 233/ 93.20| 17 6.80 250, 100
total
southern — - — — — —| 53/ 98.15| 1/ 1.85 54 100
!
sub-total — —i — — — —| 778 88.71 99 11.29| 877 100
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Table 16. Consumer’s attitude towards frequent consumption

. not consume | k
attitude | consume requently frequently total
region f % f % f %
northern 72 53.73 62 J 46.27 134 100
recipient central 63 50.00 63 50.00 126 100
sub-total 135 51.92 125 48.08 260 100
northern 347 70.10 148 29.90 495 100
central 79 62.20 48 37.80 127 100
purchaser
southern 39 72.22 15 27.78 54 100
sub-total 465 68.79 211 31.21 676 100
northere 419 66.16 210 33.84 629 100
central 142 55.93 111 44.07 253 100
total
southern 39 72.22 15 27.718 54 100
sub-total 600 63.66 336 36.34 936 100
|
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Table 17.

Consumption tendency of fresh krill and processed krill products

— kind

region T

fresh krill

processed product

total

f %

f

%

northern
recipient central

sub-total

65
37
102

41.14
25.87
33.89

93
106
199

58.86
74.13
66.11

northern
central

purchaser
southern

sub-total

51.92
61.42
74.07

257
78

375 55.47

238
49
14

301

158
143
301

100
100
( 100

48.08
38.58
25.93
44.53

495
127

54
676

100
100
100
100

northern
central

total
southern

sub-total

322
115

40
477

49.31
42.59
74.07
48.82

331
155

14
500

50.69
57.41
25.93
51.18

653
270

54
977

100
100
100
100

Table 18.

Consumption tendency of various processed krill product

T

e

kind [krill

saucel

powder

krill

krill oil |krill cake dried krill?ikrill ball

others

Ny
~. ‘

\.\\1 c

region

% i

f1 %

%

B

£ ~W?éw £

northern | 50
56

106

recipient | central

sub-total

49.50 6
53.8520
51.7126

i

5.94| 18| 17.82

19.231 20,

38

19.23

12.68 18.54

41| 40.59—
39.42 2

|
40.00I 2

41
82

%

1.92
0.98

total

‘ f
2 101
104

205

|
119
33

northern

central
purchaser

w

southern

sub-total | 154

|
46.3027

|
43.42 3

|

8.33—

41.7330,

|
10.51|
3.

54
9
3
66

21.01
11.84

8.33
17.89

95

.13

71| 27.63
19.74

22.22

15

93| 25.20

104

30
9
141

40.47
39.47
25.00
38.21

26
10
36

34.21
27.78
9.76

257
76
36

369

2[2.63
12.78

61.63

169
90

northern

central
total
southern

sub-total | 262

47.2133
50.0023

8.33
45.64

56

9.22
12.78

72
29
3
104

20.11
16.11
8.33

9.76 18.12

101
41

28.21
22.78
22.22

150 26.13

145
71

40.50—
39.4428
25.0010

224/ 39,0238

15.56
27.78
6.62

wn

1.40
1.67
12.78
9

358
180
36

1.57] 574
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