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SUMMARY

I. Title

New Process for Recovery of Fish Protein Using pH Shift

II. Objectives and Significance

1. Objectives

The surimi industry has changed dramatically over the past decade. A
decrease in Alsaka pollock and quarter in area of far east coast of
Russia caused by decrease of resource and stricter fisheries management
has restricted opened the door for the use of new species including
threadfin bream, big eye and lizard fish in surimi industry. Southeast
Asia initiated the expansion by using threadfin bream to make surimi,
which is an important import in Japanese surimi market. Furthermore,
Japan has been explored fish resource for surimi in Africa, America and
France has constructed surimi manufactures in India and Peru,
respectively. Although new technologies for using un-utilized fishes have
been developed due to decrease of fisheries resource for surmi, the
efficient processing for industries has not developed except technique
including alkaline washing. For advances of surimi and surimi seafood
in future, the processing should be developed for improving yield,

utilization of various fish species, reduction of waste water, pollution
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and labor costs, and easier and simpler processing.

The scale of international market for surimi was one billion in 1998.
The catch has declined because of several factors, including natural
declines in abundance and over-fishing of some stocks, and has not
recovered from over-fishing during the 1980s. Moreover, it is impossible
to make surimi in costal manufactures except mothership operation due
to government regulation and restrictions for water pollution. Since the
surimi demand in Korea was much higher than surifni production,
surimi from several species, including Alaska pollock and Pacific
whiting, was imported corresponding to 50 million US dollar per year.
We need to develop the resources and processing for surimi production
because the domestic surimi price has been dependent on American
surimi price. After crab meat was introduced in Korea, the seafoods of
new style has not developed, and the younger generation is gradually
shifting to a more Western diet. We need to develop new style seafood

to improve preference and ingredients for healthy.

In order to several problems concerning surimi and surimi seafood in
Korea, the new processing for surimi production and seafoods should be
developed for pelagic fishes in abundance, and much yield from
non-commercial fishes. The production of surimi-based seafoods was
gradually increased from 108,717 metric ton in 1994 to 135,294 metric

ton in 1997, and then decreased to 108,443 metric ton in 1999. The

decline of surimi-based seafood was contributed to preference changes of
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new generation and fewer products by manufactures. Since the
surimi-based seafoods in Korean market was mainly fish sausage, fried,
and toasted 'o-deng' style, the seafood industry need a low grade surimi
compared to high grade surimi. Sometimes, the color of surimi as one
of quality of parameters is not problem. The surimi production in Korea
may focus on the low grade.

The objectives of this study is 1) to develop new surimi processing
for improving surimi yields, reducing waste water pollution, and using
of un-utilized, pelagic, and frozen fishes, 2) to develop ingredients for

wide application of fish muscle protein.

2. Significance

The conventional surimi process and protein recovery need much
water to remove lipid, pigment such as hemoglobin and myoglobin,
non-nitrogenous and  sarcoplasmic protein in fish muscle. The
sarcoplasmic protein is cause of lowering yield and water pollution.
Although the researches for recovering sarcoplasmic protein in washing
water were published, the recovered protein has not applied surimi
industry because of economical problem and functional properties.
Therefore, the innovative new process to improve yield and to reduce
washing water and water pollution is very important in surimi industry.
A new process using acid and alkaline solubilizatidn and recovery can

provide extremely highly yields due to recovery of sarcopalsmic protein,
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and reduce washing water and water pollution by sarcoplasmic protein.
This process consists of isolating the protein component of fish muscle
tissue by acid and alkali, and separating by centrifugation. Before
separation, mixing a particulate form of the tissue with acid and
alkaline liquid at pH<3.0 and 11.0 produces a protein-rich solution.
Then, the protein-rich solution is treated to effect protein precipitation at
the isoelectric point (pH 5.0-5.5) of the muscle proteins, followed by
protein recovery. This new technology, using protein charges and
isolation, has shown significant potential as a new method for maximal
protein  recovery and results in commercially acceptable gel
characteristics. Unlike the conventional method of surimi manufacturing,
no washing or dewatering steps are continuously involved, which
significantly reduces waste and water consumption.

The content of sarcoplasmic protein in fish muscle varies with fish
species, but generally higher in pelagic fish, such as sardine and
mackerel. The functions of sarcoplasmic proteins in regards to the
formation of myofibrillar protein gels, though, are not clearly in
agreement as to whether they work positively or negatively. According
to one study, the heat-coagulable sarcoplasmic proteins adhere to the
myofibrillar proteins when fish muscle is heated. This phenomenon
impeded the gel formation of fish paste and is considered to be one of
the reasons why it is difficult to make a strong elastic gel from pelagic

fish. However, there is a contrasting report that sarcoplasmic proteins
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positively contribute to the gel formation of myofibrillar protein. Heat
coagulability of sarcoplasmic protein was found to be highly correlated
with the puncture force of sarcoplasmic protein gels. The high gel
strength and puncture force of sarcoplasmic protein gels was mainly
thought to be due to a large amount of heat-coagulable proteins,
especially the 94, 40,and 26 kDa components. The addition of salt
decreased a gel strength of recovery protein. The results suggest that
gelling mechanism of a recovery brotein differs from one of
conventional surimi gel. The texture of recovery protein in seafood

application can be controlled by the addition of salt.

III. The contents and scope of final report

Chapter 1. Development of new process for surimi
A. Textural properties of heat-induced gel of recovery protein from
acid and alkaline process
a) Process for recovery of muscle protein
b) Preparation of cooking gel
¢) Textural properties and color of cooking gel
d) Change of textural properties
> Effect of moisture content
> Effect of pH
> Effect of chemicals
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B. Surimi processing using acid and alkaline solubilization of fish
protein

a) Effect of pH and ionic strength on solubility of minced

muscle

b) Effect of homogenized speed and time on solubility of
minced muscle

c¢) Effect of minced muscle/water ratio on textural properties and
color

d) Yield of recovered protein

e) Solid, total nitrogen content and chemical oxygen demand of

waste water from conventional, acidic and alkaline processing

C. Effect of sarcoplasmic protein and NaCl on heating gel from
recovered protein prepared by acid and alkaline processing
a) Yield of recovered protein
b) Textural properties and color of cooking gel
¢) Effect of sarcoplasmic protein on cooking gel
d) Effect of NaCl on cooking gel

¢) SDS-polyacrylamide gel electrophoresis
D. Optimum formulation of starch and non-muscle protein for

alkaline recovered protein gel from frozen white croaker

a) Effect of starch on textural properties of cooking gel
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b) Effect of non-muscle protein on textural properties of cooking
gel
¢) Optimum formulation of surimi, starch and non-muscle protein

d) Microstructure of cooking gel

E. Optimum formulation of starch and non-muscle protein for
alkaline recovered protein gel from Jack mackerel
a) Effect of starch on textural properties of cooking gel
b) Effect of non-muscle protein on textural properties of cooking
gel
¢) Optimum formulation of surimi, starch and non-muscle protein

d) Microstructure of cooking gel

F. Frozen stability of recovered protein by alkaline processing
a) Oxidation of remained lipid
b) Development of brown color
¢) Change of viable cell count

d) Change of textural properties and color

G. Gelling mechanism of recovered protein by alkaline processing
a) Change of ANS surface hydrophobicities
b) Change of IR spectrum

¢) Change of reactive and total SH groups
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d) SDS-polyacrylamide gel electrophoresis

e) Thermal properties

Chapter 2. Process of functional hydrolysates and dried muscle
protein
A. Optimum conditions for preparation of partial hydrolysate
a) Properties of commercial protease on recovered protein
> Optimum pH
> Optimum temperature
D> Effect of reaction time
D> Protease kinetics
> Degree of hydrolysis
b) Distribution of molecular weight of partial hydrolysate
¢) Termination of proteolytic reaction

d) Optimum formulation for hydrolysis

B. Functional properties of partial hydrolysate from processing of
pilot scale
a) moisture, total nitrogen content and degree of hydrolysis
b) Distribution of molecular weight of hydolysate
c) Solubility
d) Emulsion capacity and stability

e) Adsorption of moisture and oil
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C. Functional properties of dried fish musecle protein
a) Solubility
b) Emulsion capacity and stability
¢) Apparent viscosity
d) Adsorption of moisture and oil

e) Color

Chapter 3. Pilot plant for industrial application of alkaline process
and properties of products
A. Textural properties of a recovered protein from pilot plant
processing
a) Yield of recovered protein
b) Effect of homogenized speed and time on solubility
c) Effect of continuous centrifugal force on protein recovery
d) Textural properties and color of recovered protein
e) Water holding capacity of cooking gel
f) Agents for pH control
g) Effect of CaCl2 on remained lipid
h) Solid, total nitrogen content and chemical oxygen demand in

waste water

B. Process of decoloration to improve whiteness of a recovered

protein
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a) Effect of pH of myoglobin

b) Effect of temperature of myoglobin content

¢) Effect of air-float on yield of a recovered protein

d) Effect of moisture content of color

¢) Effect of air-float on color of a recovered protein

e) Textural properties of cooking gel of recovered protein from

air-float

C. Stability of a recovered protein from alkaline processing
a) Chromatogram of lysionalanine(LAL) in amino acid analyzer

b) Effect of alkaline process on amino acid composition and

formation of LAL
c) Effect of alkaline treatment time on LAL formation
d) Effect of cooking time on LAL formation

e) Effect of order of alkaline and cooking of LAL formation

E. Formulation for development of new products using a recovery
protein, partial hydrolysate, and dried muscle protein
a) Properties of kamaboko style products
b) Blending of commercial surimi
¢) Effect of pH on cooking gel from recovered protein
d) Effect of blending on textural properties of cooking gel

e) Formulation of recovered protein from mackerel, black spotted

= XXXil —




croaker, chicken breast and pork leg muscle

f) Microstructure of cooking gel

g) Comparison of gel properties between recovered protein and
commercial surimi

h) Consumer acceptability of noodle containing hydrolysate

IV. Results of final report

Chapter 1. Development of new process
A. Textural properties of heat-induced gel of recovered protein from
acid and alkaline process

Rheological properties of recovery protein gels from white fishes by
acidic and alkaline process and effect of chemicals on gelation were
investigated by punch and dynamic tests. The breaking force and
deformation value of heat-induced gel of acidic recovery protein were
less than their values of alkaline and conventional recovered protein gel,
and whiteness was greatly decreased. Gel point of acidic recovery
protein was decreased, but it of alkaline recovered protein was increased
with increasing moisture content in the range of 80 to 85%. Storage
modulus of acidic recovered protein was the highest value in pH 6.8,
but that of alkaline surimi showed high value at neutral and slightly
alkaline pH. Proplylene glycol increased storage modulus in 20-50C, but

urea and 2-mercaptoethanol suppressed it. Potassium bromide improved
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storage modulus in 20-80C. The results suggest that alkaline process is

used for making surimi instead of conventional method.

B. Surimi processing using acid and alkaline solubilization of fish

muscle protein

To establish acidic and alkaline processing, the effect of pH and ionic
strength on solubility of muscle protein, and yield were investigated.
The optimum pH for solubilizing protein in acidic and alkaline range
was around 2.5 and 11.0, respectively. The optimum pH valye for
recovery of protein was a range of 5.0 to 5.5. The protein solubility
was decreased with increase of salt. The optimum ratio of water to
minced muscle was 6 fold by evaluating breaking force, deformation
and whiteness of cooked gel. The homogenized speed and time for
optimum soluble in acidic and alkaline pH were below 9500 rpm and
30 sec, respectively. The centrifugal force for recovery of soluble
protein and precipitated protein around pH 5.0 were needed above
10,000 x g and 2500 x g, respectively. The protein yield of alkaline

processing was higher than that of conventional processing.

C. Effect of sarcoplasmic protein and NaCl on heating gel from
recovered protein prepared by acid and alkaline processing
The yield of recovery protein from acidic and alkaline processing of

7 fishes was compared to those from conventional processing. Effect of
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sarcoplamic protein and NaCl on heat-induced gel for acidic and
alkaline recovered protein were also investigated by punch test and
color. Yield of alkaline surimi was higher than that of conventional
surimi. However, the breaking force, deformation and whiteness of
heating gel from alkaline recovery protein were lower than those of
heat-induced gel from conventional surimi. The sarcoplasmic protein
increased a breaking force and a deformation of gel. A breaking force
was decreased, but deformation not significantly with NaCl
concentration. Myosin heavy chain (MHC) and actin were greatly
degraded in acidic processing. Alkaline process for recovery of protein
is a valuable way of increasing the utilization of frozen and pelagic

fishes, and making kamaboko-type products.

D. Optimum formulation of starch and non-muscle protein for

alkaline recovered protein gel from frozen white croaker

The two-level full factorial and mixture design were used to screen
ingredient type and to investigate effects of ingredients on properties of
alkaline recovered protein from frozen white croakers using
measurements of a breaking force, deformation and color. The addition
of starch decreased a breaking force and deformation of gel regardless
of starch type. The breaking force was decreased, but a deformation
was not significantly changed (p<0.05) with increasing starch level. The

potato starch was more resonable than corn and wheat starch for a
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breaking force and deformation. The bovine plasma protein (BPP)
greatly improved a breaking force and deformation. The breaking force
and deformation of gel were increased with concentration of BPP. The
whiteness of gel was slightly improved with adding starch and
non-muscle for all treatments. At 78% moisture, the optimum ratios of
ingredients were 89.4-90.0% for recovered protein, 5.9-6.3% for potato
starch and 5.0-5.4% for BPP to obtain above 100 g for a breaking

force, 4.6 mm for a deformation, and 25.5 for a whiteness.

E. Optimum formulation of starch and non-muscle protein for

alkaline recovered protein gel from Jack mackerel

The two-level full factorial and mixture design were used to screen
ingredient type and to investigate the effects of ingredients on properties
of a recovered protein from jack mackerel using measurements of
breaking forces, deformation values and color. The addition of starch
decreased breaking force significantly (p<0.05), but did not affect
deformation. The bovine plasma protein(BPP) among non-muscle proteins
increased a breaking force and deformation value. However, the dried
egg white increased slightly a breaking force, and decreased greatly a
deformation value. The breaking force of gel was increased, but
deformation value did not change significantly (p<0.05) with adding
BPP. The whiteness of gel was slightly improved with the addition of

corn starch and BPP. At 78% moisture, the optimum ratios of

= XXXVi —




ingredients were 89.5-90.0% for alkaline recovered protein, 4.6-6.0% for
corn starch and 4.3-5.4% for BPP to obtain above 110 g for a breaking
force, 42 mm for a deformation, and 22.5 for a whiteness. The gel
containing starch and non-muscle protein showed a uniform distribution
of protein and network. The results suggest that a uniform structure

contributed to high textural properties.

I'. Frozen stability of recovered protein by alkaline processing
Frozen stability of recovered protein from croaker and Jack mackerel
was investigated by oxidation of lipid, brown color, viable cell count
and textural properties during storage at -20C. The TBA value in
recovered protein from Jack mackerel was increased by 60 days, while
the TBA value in recovered protein from croaker was constant by 120
days. Viable cell count was gradually decreased during storage. The
breaking force in white croaker was constant significantly by 90 days,
while that in Jack mackerel was significantly decreased by 30 days, and
then increased. Deformation values of white croaker and Jack mackerel
were significantly constant during storage, but whiteness of Jack
mackerel was significantly decreased during f7Jzen storage. The results
suggest that self-life of recovered protein from white croaker and Jack

mackerel was 90 days and 60 days, respectively.

G. Gelling mechanism of recovered protein by alkaline processing
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The effect of pH on surface hydrophobicity, infrared spectrum,
reactive and total sulthydryl groups, SDS-PAGE (sodium dodecyl
sulfate-polyacrylamide gel electrophoresis) and transition temperature was
investigated in recovered protein form mackerel and frozen croaker by
alkaline processing. The surface hydrophobicities were different from
myofibrillar and recovered protein. The peak at 1636/cm was increased
with increasing pH. Difference of surface and total sulthydryl groups at
pH 7 and 10 was comparative high, and oxidation of surface sulfhydryl
group content indicated formation of disulfide bonds. Mackerel and
frozen croaker showed bands of polymerized myosin heavy chain on
SDS-PAGE pattern. The transition temperatures of recovered protein
were 33.1, 443 and 65.5C. Gel formation of recovered protein by
alkaline processing was estimated a increase of B-sheet structure by pH
treatment, disulfide bonds by oxidation of surface sulfhydryl group in

heating, polymerization of myosin heavy chain in order.

Chapter 2. Process of functional hydrolysates and dried muscle
protein
A. Optimum conditions for preparation of partial hydrolysate
The optima pH of Alcalase for a recovery protein was 8.0. The
proteolytic activity of Neutrase was increased up to pH 9.5, and then
decreased. Protamex and Flavourzyme for a recovered protein was not

dependent on pH. The optima temperature was 65°C for Alcalase at pH
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8.0, 60°C for Neutrase at pH 9.0, 60C for Protamex at pH 9.5, and 55
© for Flavourzyme at pH 7.5. Km values of proteases diluted to 100
fold for a recovered protein were 10.2 mg for Alcalase, 15.7 mg for
Neutrase, 43.1 mg for Protamex and 714 mg for Flavourzyme.
Protamex as endoprotease and Flavourzyme as endo- and exoprotease
were sélected for preparation of partial hydrolysates.

TCA soluble index was measured as 3 level of protease/substrate
ratio, temperature and reaction time. In 20-25% of TCA soluble index
for recovered protein from white croaker in Protamex, protease/substrate
ratio, temperature, and reaction time were 200 fold, 45C, and 20 min,
respectively. They were also 200 fold, 45°C, and 20 min in 5-10% of
TCA soluble index in Flavourzyme. In use of recovered protein from
Jack mackerel as substrate, reaction time was decreased to obtain the
same TCA soluble index. For terminate protease reaction, the reaction
mixture was adjusted to pH 3, and heated at 55°C for 10 min. The
major molecular weights of hydrolysates were 9500 Da, 7500 Da, and
3500 Da for Protamex, and 14,000 Da, 6700 Da, and 3200 Da for

Flavourzyme by gel chromatography.

B. Functional properties of partial hydrolysate from processing of
pilot scale
The partial hydrolysates by Protamex and Flavourzyme were dried by

drum-drier. The crude protein was the range of 12.91-13.74%. The TCA
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soluble index was 50.0% for Protamex and 37.4% for Flavourzyme. The
hydrolysate contained much peptide having molecular weight of the
range from 800 to 1000 dalton. The solubility of supernatant after
hydrolysis was higher than that of residues. The concentration of NaCl
did not affect the solubility of supernatant, but pH affected the
solubility of residue. The residue of hydrolysate by Flavourzyme showed
highest emulsion capacity. but the residue of hydrolysate by Protamex
showed higher emulsion stability. The adsorption of water and oil was

higher in residue than supernatant after hydrolsysis.

C. Functional properties of dried fish muscle protein

For the dried muscle protein, The muscle without head and gut was
minced twice at meat grinder, and homogenized at 1:6 (w/v) ratio with
cold tap water. The pH of the homogenates was adjusted to 5.5 using 1
N HCl. The pH adjusted homogenates were centrifuged at 10,000 x g
for 20 min. The pellet was collected, and added cryoprotectants(5%
sorbitol, 4% sucrose, 0.3% sodium polyphosphate). After adjusting to pH
1.0, Muscle protein was dried with 5% corn in Jack mackerel, and 5%
potato starch in white croaker by drum drier. The crude protein of dried
Jack mackerel and white croaker muscle was 32.5% and 34.4%, and
yield of them was 79.7% and 59.3%, respectively. The TCA soluble
index of dried muscle protein was below 2.0%. The lightness and

yellowness of dried Jack mackerel muscle were 63.4 and 16.53, while




them of dried white croaker were 77.2 and 18.11, respectively. The
solubﬂity was higher at pH 7.0 than at pH 5.0. The emulsion capacity
above 25 mesh at pH 5.5 was 0.042 mz/g~sample. Emulsion stability,
foam capacity and stability did not showed in dried muscle protein. The
viscosity of dried muscle protein was the range of 50200-39000 4|, and
lower than that of surimi protein. The adsorption of water and oil
showed 2.63-2.89 g-water/g-sample and 2.13-2.17 g-oil/g-sample,
respectively, and did not affected by pH and particle size. Myosin

heavy chain and actin bands disappeared completely by drum dry.

Chapter 3. Pilot plant for industrial application of alkaline process
and properties of products

A. Textural properties of a recovered protein from pilot plant processing

To recover muscle protein using alkaline process with pilot scale, the
whole fish was de-headed, de-gutted, and throughly clean the belly
walls. The semi-dressed fish with bone was grinded 2 times with meat
grinder. The grinder muscle was homogenized with 9 volume of tap
water at 3000 rpm for 20 min using pilot type homogenizer, and then
adjusted to pH 11 using 6 M NaOH to solubilize muscle protein. The
solubilized muscle protein was recovered by centrifugation at 7500 rpm
using continuous centrifuge, and adjusted to pH 5.0-5.5 using 6 M HCIL.
The precipitated protein was recovered by centrifugation at 7000 rpm.

The yield of recovered nitrogen by pilot plant was 23.9% for whole
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fish, and 47.5% for grind muscle, respectively. The breaking force and
deformation of heat-induced gel were 2244 g and 7.46 mm,
respectively. The breaking force was decreased up to one-half in 2%
NaCl. The breaking force and deformation of cooking gel including 4%
potato starch and 5% bovine plasma protein were 179.4 g and 5.64
mm. All formulation was superior to Pacific whiting surimi gel of FA
grade except addition of salt. The whiteness of gel was similar between
pilot and lab scale. Citric acid and sodium phosphate(iribasic) as pH
controller could be used in pH adjustment, while greatly -decreased the
breaking force and deformation value of cooking gel. The alkaline
processing reduced greatly solid content, total nitrogen and chemical

oxygen demand in waste water.

B. Process of decoloration to improve whiteness of a recovered protein

Myoglobin content in small croaker and mackerel were 1.44+0.01
mg/g-muscle and 2.00+0.03 mg/g-muscle, respectively. The ratio of
met-myoglobin was 79.3% for small croaker and 88.1% for mackerel.
The recovered protein showed higher yield after adjusting to pH 11 than
before adjusting to pH 11 as using air-float The yield was increased
with increase of air-floating time. When minced muscle was floated
using air for 20 min before adjusting to pH 11, the lightness and
yellowness of recovered protein was improved. The air-float for 10-20

min before adjusting to pH 11.0 was acceptable condition to improve
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whiteness of a recovered protein. The whiteness of a recovery protein
was increased with the moisture content. The whiteness of recovered
protein gel was improved after air-float. However, the breaking force

and deformation was decreased by air-float.

C. Stability of a recovered protein from alkaline processing
Lysinoalanine was not detected after treating 3 hr in pH 11 and
heating for 45 min at 90C. However, the lysinoalanine was formed
when minced protein was solubilized at pH 11.0, following heat at 90
C. The results suggested that lysinoalanine was formed under heating at
alkaline condition. The results indicated that alkaline processing for

recovering protein is normally very safe in cooking gel.

D. Formulation for development of new products using a recovery
protein,'partial hydrolysate, and dried muscle protein.

For development of new products, The alkaline surimi from mackerel,
frozen croaker, chicken breast muscle and pork leg muscle was
prepared, and made optimum formation for blending recovered protein
and ingredients. The texture of cooking gel showed mushy with cheese,
and brittle with bovine plasma protein. egg white and starch. The
addition of cheese, potato starch, bovine plasma protein and egg white
increased yellowness of cooking gel. In blended products of recovered

protein from mackerel, croaker, chicken breast, and pork leg muscle, the
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breaking force of cooking gel was lowest in mackerel alkaline surimi,
and deformation was high in order of frozen croaker> chicken breast>
pork leg> mackerel. The breaking force, deformation and whiteness of
blended products were reduced, while the price of products was
increased by addition of alkaline surimi from mackerel. However, the
alkaline surimi from chicken breast improved breaking force, whiteness,
and final price of products. In alkaline surimi gel from frozen croaker,
the optimum formation was 36-50% for alkaline surimi, 34-40% for
alkaline surimi from chicken breast muscle, and 14-25% for alkaline
surimi from pork leg muscle for products above 110 g of breaking
force, 4.5 mm of deforamtion, and below 1940 won/kg of price.

Among product including cheese in center, product mixed surimi and
cheese, product including crab flavor, and ak-mok, the breaking force
and whiteness was highest in product including crab flavor, but
deformation was highest in product including cheese in center. The
product including cheese in center showed highest consumer preference
among products, followed in order of mixed cheese surimi and cheese>
ak-mok>product including crab flavor.

The oriental noodle including partial hydrolysate was developed. The
color and flavor was increased with addition of partial hydrolysate, but
texture and taste were not. The formulation was mainly composed of
2.5 % for partial hydrolysate, 4.7% wheat flour, 28.4% for water. The

products showed highest in consumer preference.
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V. Achievements and recommendations for practical application

Conventional surimi process can not prepare surimi having acceptable
gel-forming ability from un-fresh and frozen fish. In addition, alkaline
washing process using sodium bicarbonate was needed to prevent
demagé of gel forming ability caused by sharp increase of pH in surimi
process from pelagic fish, Since cutting head and gut, and deboning
step is very difficult in small and irregular size, new process should be
developed for recovery of protein from frozen and pelagic fish. The
reduction of water pollution from washing water contribute to seafood
industry, especially surimi manufacture.

The new process to recover protein using pH shift can improve yield,
reduce water pollution, and simplify process steps. Also this process can
easily prepare partial hydrolysate and dried fish protein for food
ingredients because of using intermediates during step of pH shift.

Bovine plasma, egg white, whey, and soy bean protein have been
widely used as food ingredients. However, bovine plasma, egg white
and whey protein was avoided due to mad-cow disease and allergy in
some region. Soy protein has lower food functionalities than other
non-muscle protein. The partial hydrolysates can substitute them as food
ingredient. Dried fish protein also can use in food for improving

functionality.
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=2 (10,000 x g, 20)38te] HAEES FASAL o] 22s 23] AA S
F HFA0T 01%8] NaCl §9o2 Faste] =
W), AR Aol &gk ol wEe] 3= vk e o] Kol 9u) o]
SHF4E H7Fske] Ultra Trrux (T25 basic, IKA Works Inc, Wilmington,
NC)Z 8,000 rpmoll A 2+ &<t #@stst ths 2 N HCIE & AFESho]
pH 252 Z4dsle] & dWzads 52 & A4 (10,000 x g, 204)3 %A

o4 AWl £3E 430 AANx4 2 % AW 5 £Fd JE

i I o)

3]58te] 2 N NaOHE NS o] &3le] pH 5002 %43} DIEARN
A7 F AR (10,000 x g, 208)3FA. JAE dwde 3 =sle] 2

N NaOH&NE& Ab&ste] pH 7002 ZHsta, W& ¥4 WA (4%
sucrose, 5% sorbitol, 0.3% polyphosphate)E ZH7}sla 18 EoF WA 7]
(Shin-il Co. Korea)® # &Fate] ZAstAdvh(qr Al 3] dud) 2
glar e Aol o @i 8= pH 105904 @S =9l
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AEE g AJR(19 x 20 mm) flol A& 5 mme] 7 E¥UAS FH
st 60mm/min®] £E2 &2 WA rheometer (Sun Rheometer, Model
CR-100D, Sun Scientific Co., Ltd, Tokyo, Japan)® %37 %= (g)3 ¥
(mm) #= SAsEATH

CIE Lab color= A&7 (Model CR-300, Minolta, Japan)< ©]-& 3}

Ao HE (Lo, AME@)9 FAED0T SHSA AAAL BE Y
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e ol g3l mEstkgon, 67 ol Ao YA, WAEE W

, Lx-3b*x& o] &3}o] Akl th(Park, 1994).
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g4 B4 53
Ab g e 3] gl g o] pH Wt R stekAl ] Hobel wE e A
4 cm, 2% 4%)S F2#A171 Bohlin rheometer (Model
CS-50, Bohlin, Cranbury, N])& =A3sltt. A% modulus (G'), £4
modulus(G”) ¥ phase angle(tan delta, )3 #& HEA EAS ethylene
glycol¥} & EdE&A&(1:1, v/v)= X33 thermo circulator(Neslab,
RTE-211, USA)Z 1C/min? £E2 252 A5A71dA 20-80T9 &
L Frell A SAsR o, SAstE ot TR E4E HAsH] flsto

Hzol A 248t

o

Ll trappers A3, 1 Pa torque?t 54 0.1

34 @ld el pHE IN HCIZF NaOH=Z ZA3skglon, 834 2= Sigma
Aol propylene glycol(P1009), urea(U0631), 2-mercaptoethanol (M7154)
2 potassium bromide(P5912)E A}-&3} 91 o}

XA A FoA AFS BAZZaY JMP19R2)ZE A A5
WE wWMz7] Y mwl 7o)} Pacific whiting® A, AF W &4zkg] 3
S

&
Wel sz FEel WMy e ojFo] wek = AojT u
g gAgE 4 Wy wel dolg moln A
7}
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Sample name
Fig. 1. Breaking force and deformation of surimi from 3 cycle
washing(WA), acid(AC) and alkali(AK) process.
1, croaker; 2, black spotted croaker; 3, Pacific whiting.

Al A L ek A 85 W] 42 wag AvkFig 2), FA
8% wudo] wiske] Abwt 27 Ael % WAl e FHEE W
MEd 2GS vAE Ao eyt o 2 Ad: off Fo| ¥

o] = F44< myoglobin A Fx Aol o] 59, Hold
6

8, Brigo] 86, & 7.3, Fud 84AUFA, 1976)2A ofF ]

58, gl
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Fig. 2. Whiteness of surimi from 3 cycle washing(WA), acid(AC) and
alkali(AK) process. 1, croaker; 2, black spotted croaker; 3, Pacific
whiting.
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% (Joseph et al., 1994; Lian et al, 2002)% FA& w A Az 34 @
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Storage modulus, log KPa

Storage modulus, log KPa

1.0E+06

1.0E+05

1.0E+04 ° 80%
.OE+ o
m 83%
A 85%
A
1.0E+03 | A
1.0E+02
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Temperature, C
1.0E+06

1.0E+05

1.0E+04
m83%
A 85%
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1.0E+02
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Temperature, C

Fig. 3. The effect of moisture content on gel of Pacific whiting
surimi by acid(A) and alkali(B) process.
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EAC "X+ HF pHY IF

2b A slg gulAe]l HF pHy 7HE Ao 24 dF%S A
o2 e pH 6.89 A3l gk 23T Folloem, pH 74, 80 ¥ 85%
z+7y 36°C, 49T, 42Co] 2 tH(Fig. 4). Phase angle®] W3lo| A pH 6.87+=
g2 pH 74 ool 19T F-eoll attol peakEs HeEb L AATHA
I mAA]. o] e AIE 19T F2o A2oA <Fst Adtel ofg A3}
545 HolARt 2% A fEol o3 A% gAH1 FAEY FUHE
TRkl 36-45C 8] - Rtell A Asto] o] WA AdS FAdste Ao
2 FHEY. &7 vl 49 pH 66, 70, 75 2 829 A3 2E&
7kz} 31T, 367C, 37C B 37CEA] pH 7t wep A3t 22% i F
7telE Ao w yeErgth HF A% modulust pH 6.69] W&ol pH
obF wokom b Ay 3 @A pH 6.8 4] gk} H]zste] 4 A

2

o
s

g 2 9z AY 85 wwde] AF pHE 700 M AET Ao
et aem 4 A #4 99de 49 phase angle gto] A3} £
A tha FA1eT ol Fe] SEREE gasts A%S Rl f ke
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Storage modulus, log KPa

Storage modulus, log KPa

1.0E+06

1.0E+05

1.0E+04
¢ pHB8.5
1.0E+03
1.0E+02
10 30 50 70 90
Temperature, C
1.0E+06
(B)

1.0E+05

1.0E+04
e pH 6.6
mpH 7.0

1.0E+03 ApHT7.5
o pH 8.2

1.0E+02

10 30 50 70 90

Temperature, C

Fig. 4. The effect of pH on gel of Pacific whiting surimi by
acid(A) and alkali(B) process.
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Gl d o] FHF pH ghol B4 vX& d&d3 #=ASte] Lian et al. (2002)

2 ke o)gt ] Aol A4 modulust 15-80TC 9] 2% F3rolA Al
7 el ar Aol peakE HolA] &ktiar H 3k o™ Boye et al.(1997)
o 7F A7 g gk sk == carboxylate-phenolic 7] 9F $AF

shel obuler]e] FEAEES Aol $WBL suw AFL YA

A% modulus®ll PlA& 3}3A9] FF

st o] H7E7b A A st Sl A ] Aol WX &= JFS AL
Aol s Aghel Astel 719iék= propylene glycol, +4 A 45
A s Age] g #oldtE urea, S-S AFY HAdo] 7o
2-mercaptoethanol % S-S A%l Ao 7]o]s}= potassium bromideZ
= ¥2 H7se] A modulus el W3S =A 3 tHFig. 5, 6).

Propylene glycolS #7}Fak 749 (Fig. 5), 20~40C 9] &% F7lol A H7}
3hA] g2tz Wt =2 A modulus S B o}t 5% #H7b
Aol 718 2710 it 2 AfolE HolA ggkow, 80T A
ZF modulus #<2 propylene glycolE #7Fsk Ao] iz Ao H|sle] &L
Ao w vetgth o] 2 Ads 7td A F4 A%dE A2ddA Frts
™ (Niwa and Muramoto, 1971), ti+ @& o] 7S® whE 71 Ao A
+ propylene glycol®] 7kl ol&] ZF7Fglth= X 32 (Utsumi and Kinsella,
1985)¢F tiets] Ak

Ureat™ #7138 sX7F S7Fstol] wal Aol A% modulus #> W=
o Hlsle] e e mYow meow #EE I Aole i A
o8 e 25%9] urea's H7FE A5, 65T o)delA = tixT¢ 79
zho] & HolA] dth(Fig. 5). 1#y 2 M °o]d9] urea §%
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NAME A modulus Frol WEEY BL 2o]E Ho|la 9ojA FF& o
WAe] 7t A Pl 7odete S AR Aol T4 Aol
£ T

2lNE A5 BEX

2 of 7lddttE AMES K
1975; Niwa et al., 1983; Niwa et al, 1989). Myosin #A}9]
0-60CelA dA3] S7tetH 4714 A HetE Holx @i T4
glo]l Wil 0T oY =& 2%oA #ZHrH(Kawai et al, 1983).

25 mM9] 2-mercaptoethanol®] H7le a3 v =3 A3 FPgS W
dotl 50 mM o]Ae H7E Aol W FEzatol] Hlste] wre A modulus
Za 1d % Ao WE A modulus &Y F7F &

LEbst HH(Fig. 6).
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1.0E+05 |
o Propylene glycol ——10%
X
s S.O0E04 | —a—15%
>
3 ——20%
g 6.0E+04
[«5)
=
§ 40E+04
w

2.0E+04

1.0E+02

10 20 30 40 50 60 70 80 90
Temperature, C
1.0E+05
—A— 0,

g Urea 0%
j_ 8.0E+04 | ——25%
= ——50%
S 60EH4 |
[<5]
&
§ 4.0E+04
w

2.0E+04

1.0E+02

10 20 30 40 50 60 70 80 90

Fig. 5. The effect of propylene

Pacific whiting acid surimi.

Temperture, T

glycol and urea on gel of
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1.0E+05 |
3 2-mercaptoethanol s OmM
X
g SOE0H —&a—25mM
=)
é ——50mM
= -
s 6.0E+04 -
g 40E+04 |
n
2.0E+04 |
1.0E+02
10 20 30 40 50 60 70 80 %
Temperature,C
1.4E+05 [
—— 0%
< L2EH05 0.01%
< KBr 0059
o LOEH05 | 010%
% —0—0.30%
T B0E04 [
S
S 6.0EH04 |
©
S
o 40EH04 |
2.0E+04
(o.m.oo(,um««ucuo.m("t" g
1.0E+02 (e R

10 20 30 40 50 60 70 80 90
Temperature, T

Fig. 6. The effect of 2-mercaptoethanol and potassium bromide(KBr) on

gel of Pacific whiting acid surimi.

o] & A= H7F3 2-mercaptoethanole] 2o 4] S-S ZAglte] JA L

Walaly] fEom dddnt 7tE 24 T o5 dE e wkgA SH7| 9
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A5 #HEES] Itoh et al.(1979)& 60TCANA do] actomyosin® wH$-A

SH7|&= HU=Z =Fy¥o] @iz Fx} Alo]le] AdS F3l actomyosin®]

A GAlo) 7]oddtE AowR FAFAL. Myosing 7Fg3tE ¢t S-S 4
S-S E3 gl o] F3HS myosin heavy chain® SH 717} g8 o] &3}

2 FZujA o] EA stoll A AbstelE RS A A ool A 34
o 7)o gktH(Kishi et al., 1995).

Potassium bromide®] % 7}= A% modulus #e €A F7FE Z s}
Row(Fig. 6) o] 22 Ay a2oA S-S Ao F7kel 71938t A
o2 ddEh Potassium bromide= @ 7hpits] g4 B3}
3 e AstE A7 A Atk sk S-S A dA4

73} 3k ch(Pacheco-Aguilar and Crawford, 1994).

oL
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il

o

o] A% pHE A% modulus kel 9GS v A1, Fej= AF A
gl AHg 34 dwAd 7k tha Zo]E H AT Potassium bromidei S-S
Aol PAE Tl 7FE A9 A modulusE S7HAIIE AR YEY
ot gz A 3 dide AygE §E gk 2 9aze] nFo] of

E40] gl= Ao st

[t}e]
=
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A 2 A AT &ZE pHAA oS g de &fE o] &3
T Ax

S FEEE, AAE BB I A e Tl g3 ZA Y] "l
&3k QIEH(NFI, 1991). L&y o)<
o] Z&AQ o] & AF AAstE dlal FE AR HEE &8st
= oA AAS o[ FEv Alzxd #Hg AFTE FAHAAW
(Akanahe, 1988; Nonaka, 1989; Shimizu, 1992) &3 &3 & A

N
of
(o
rl
rlr
N
fr
=
1z
Ho
2
i
il
S

%2

d

ofr

= 7HAH vl A ad v o] Al 3RS R A g gl
FAE T dukdel v Az FAL A ST Sl uhEk
2 5] 31 (Stefannson and Hultin, 1994) tf 5+
AAHl FAFE wEH7] Wl (Park and
Morrissey, 2000) W45 o F= A Feve HF &2 20-25%°]
™ (Lin and Park, 1996), th&e] @S {3 FAH59 Ag= 7]
AzQe] da Aes S du FHs 7FSA7IaL vk webd FAS
o e @M AS Fgste] gAl AFEEH7] f3F A7 R EJA oY 35

gol a1 A Yol "olA 7] wiol AAde] gl Aow AHHAY

1o

rd

ot Jo
N

AV
z

X

o

(Lin et al., 1995).
Fav) Az FA MAFH e =82 A (Park, 2001; Choi and
Park, 2002), F4F=(Morrissey, 2000) 2 o] & ojzple] o] & (Hultin and
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270 E A TH(Choi and Park, 2000; Choi and Park, 2002; Lim et al., 2002;
Undland et al., 2002). 28y} o] Fol wp& wld &35 EAJ9 o] FQ
=

A 4 =20 B Ao o FopEe] A3 23 Sl #d A

g 2Ly
A=
Ao ALE-3st W W ZE7|(Pennahia argentata, A7, 182124 cm, A
<, 125.0£359 g)oF W& A7 ol(Trachurus japonicus: |7, 20.8£1.8 cm;
AT 179.04314 g)v= ZZ A DA LAY ox g FAA] T E
Al A Fdste] ddde ERkedith ¥E Wxrle A2 s
=

Ed ¥g d78el= o

’

a "
o] Faln AZRE 98 Aoz A}L35)

&= 54

pHel W& of& duido] fajies A7) s oI5 2 goll 18 mL9]
g2 o]24E  H7lete]  homogenizer(IKA-25 basic, IKA  Works,
Wilmington, NC, USA)Z 8000 rpmolA 30% <t AL 443 & 10
mL &% biuretZ °]&3t9] 1 N HCl 52 1 N NaOHE 3 7}stdA
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30K, Hanil Science Industrial Co. Ltd., Incheon, Korea)® <42
(2,500xg, 15)stth  Asde w@wA  FXE+=  bovine  serum
albumin(Sigma P7656)°.2 7 #=2r4S 243 Umemoto W (1966) whet
SAAT. 28a gL WA= ol Axe AFS FAH37 H3l
S A 2 go pH 259 pH 105=

0.2, 0.3, 04, 0.5, 1.0 M)& H7lste]l &ale 34 W3} 43 YRow

Agsto] dMd FEE S5

2

BN
N
i3
)
o
b
N
X
e

z
i
Lo,
ofo
:(!)L_ll
2
=
N
rlr
o,
o
ftlo
A\
o
ol
N

| #1383 meat
grinder(M-12S, Kyeunggi, Fujee Korea, Korea)= w}3t o] & 2 go] =
9 18 mLE ¥ 11 homogenizer? < %(8000 rpm, 9,500 rpm)2t A 7H(15,
30, 45, 60x)E 2elatuA =4& AT F AT (2500xg, 15%)8}k]

k= S8l Hrkeke AR SRl & A6
-9 ko] FHS5E H7hska 8000 rpmell A 1%

5)
Fob shastel wud 35 w4 wet A49 wud g e %y

L O E
A e vl gol 2e] $R4E 7hate]l homogenizer(IKA-25

basic, IKA Works, Wilmington, NC, USA)Z 8000 rpmol|A 2% =+ =%
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A& g & A4 2(10,000xg, 254)ste] HHdEE FAlskE #FE 2
5] HbE-slal 28 5Fe] 0.1% NaCl 4oz FAHsto] 4% sucrose(C] Co.,
Seoul, Korea), 5% sorbitol(LLTS powder 20M, PT Sorini Towa Berlian
Co., Cangkringmalang, Indonesia), 0.3% polyphosphate(Food Grade, Haifa
Chemical Co., Israel)®] W¥-sWHAAHLXAE FH7}stal Kitchen aid (Max
watts 325, St. Joseph, Michigan, USA)= Z =3g3slo] A x3c}h AHy)
gzt A 3 G ES v of Ko el FRTE HUtsaL 1
N HCl &2 1 N NaOHE AH&3ste] pHE 259 1052 742k A4 3ste] o]
S @S gAIZ & AN EE(10,000xg, 258)3tA T T AW Tl

FHE #A2E4)I AA2d, HAQ, 05 W 52 TP e
o] 1 N HCl 32 1 N NaOH= pH 5022 FH3ste] gulds WA

AR 10000x g, 25)3ke] BMAS FFakgih 958 BuAe

o3

k-3
1 N NaOH=Z pH 7002 Z4d3 & YesHAAWAAE Hrtelo] A x5
o}

220 0] =

a9 5

FEve] F&2 oA AxS HF FEve FF FHE A &
=4 A (FD-600, Kett Electric Laboratory, Tokyo, Japan)® =A3}i A%

oz @akd %, oAl ti HE FAvel T %m BASA

processor(SQ-103, Iljin Co, Korea)® 13# £33 & ujd wWo] Yol W&

e}
¥ %47](Food Saver Ultra, Tilia International Inc., China)& °]-&3lo] ¢
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n Fol V|¥E A A% sausage =717|(Sausage Maker, Buffalo Co.,
New York, NJ, USA)E A}&3}4 collagen tube (1.9 x 20 cm, #180,
Nippi Co., Tokyo, Japan)oll Fxatdth. Fxlgk tube= 90°Ce] water

batholl A/ 15% &<t 7Fdsta A dg=d 158 ¢ SA4AA sk

WA 2adk & 24 A ARt A 2AS 9% e wnd
TR FFE dFES AHEE 8%E A en & 2%E HUtE A
o},

EAY A= &4

Okada®] w1964l wet Ay A8(19 x 20 cm)?lel A& 5
mm< T3 plungers % %33 60 mm/mine] £%== &2 rheometer
(Model CR-100D, Sun Scientific Co., Tokyo, Japan)® 3}3] 7% (g)e W
d(mm) #= SAsHATH
a8 Ao #W CIE Lab colore= A AA(ZE-2000, Nippon Denshoku,
Tokyo, Japan)® ZA3&Att. MaAE=E 5 A plate2 L' =96.83, a

=-0.36, b* =062 ®FsetP o, WAEE LY - 3b'=2 ALEeS th(Park,

O

1994).
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of
X

)=
ERY

=3

= HAe Fo94 AAY EAEYLS JMP program(JMP, 2002)¢]
standard least squares® A A|3H oW Fox+= p<0.05 FFolA HESH
At

S 2o " X= pHY o| 2= FTF
oS wude] gaxel m A= pHY 9IS pH 2-119 3t AH
H 259 105 FolA 7H4 =
%L, pH 55 FFollA 7Hg & vbE, WMx7] o] Salee A e
202 pH7} @AY Fohstell wel AL S ew pH 45004 7 v
2kth. Pacific whiting PFalS-9 €8 =+ pH 5.0-55 AtololA 713 v
om pH 2.0-259 pH 115N A 7ME =2 S8 =E5 H 31 (Choi and
Park, 2002), herring® "<& pH 2.73 108914 7Fd ®& g3]x=9f
pH 5504 714 w& &3 =E R I thH(Undeland et al, 2002). o] #o] o
o wel Ho 2 FHA &I eE Hole pHel thad AolE& Hole AL

gL we FTFY WA S ¥3sta 9o (Suzuki, 1981; Sikorski et

AN
o
rot
iin
H
e
@
=
2
o
o,
ofo
%
k1
rir
o

94 dude T wude] Fiel Aozt 97 WE Aow 47
ATh(Suzuki, 1981). 243 42 ool q Gelwt Frhshs e v

de FASE Y R G714 obmat SHe) sage] Frhse] i

=
5 @Al fA=E 54 AHFig. 2), °ol=d=
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Ay 2 awde 7z o] &7 %7 05-1.09F 0.01-0.05%1 T4 <
S Ao Galet= A= A A A RKSikorski et al., 1994), A 7
Azt J Aol pHolA o] 2A=e T7k= st o259 HHS S
A @md FsAga SHS FEste] SEE A= Aem He
t}H(Dagher et al., 2000; Chang et al., 2001; Dewitt et al., 2002; Undeland
et al., 2002).

18
16 | —m—jack markerel
- | —@— croaker
e 14
(@) |
£ 12
.10
S
o 81
(&)
c 6 p
(]
s 4
o 2 B
0

0O 1 2 3 4 5 6 7 8 9 10 11 12
pH

Fig. 1. Effect of pH on solubility of minced Jack mackerel

and white croaker muscle.
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— 10 —&—jack markerel pH 2.5
— 9 —{1—jack markerel pH 10.5
E 8 —8—croaker pH 2.5
g 7 —O—croaker pH 10
— 6 F
o 5 |
[
o 4 f
(&)
c 3 |
@2 |
(@]
a1
0

0.0 0.2 0.4 0.6 0.8 1.0 1.2
NaCl conc. (M)

Fig. 2. Effect of NaCl concentration on solubility of minced J] a ¢ k

mackerel and white croaker muscle in pH 2.5 and 10.5.

A8 g SEof g AztelA = @izl hgste] F dFS vAA

UERSHH(p<0.05). AH pHell A @ o] §8f& o] §ste] &
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# 8000 rpmel H]3s}o

LR

F7] Wit (Suzuki, 1981)e] A&el e S35 I3 &L

[e)=>3
= °

v stel 3

o

——jack mackerel pH 105 (9,500 rpm)

—&—jack mackerel pH 2.5 (8,000 rpm)
—8—croaker pH 2.5 (8,000 rpm)

—O—croaker pH 10.5 (9,500 rpm)

o
o
—

o o o o
[so) © < (qV]

(Tw/Bw ) "0uo0d uidlold

o
o

20 30 40 50 60 70

Homogenized time ( sec)

10

Fig. 3. Effect of homogenized time and speed on solubilization

of minced muscle.

7FE Ao A wA=

bol whay

o17] 913

F93oH(Fig. 4,5).
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gl A &

}21tH(Undeland et al.,

S

ako] 2nj

of o

A [e)
-

g FAE FA Sl

=]
&S

FAl el Az A
Fo AR 33 At Y 49

2002).

8w o o

3} 7]

M= A e tHLin and Park, 1996). wehA S=gjvn]e] WA =S 74

‘(H

)
o
Njo
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s
s

+
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Water/minced muscle ratio (v/w )

—e—croaker
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c
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Fig. 4. Effect of water ratio to minced muscle on breaking

force (A) and deformation (B). Means with different letters

differ significantly (p<0.05).
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40
b —e—croaker
a —m—jack mackerel
30 |
a C c
(]
[
& 20| ./g\.)
c d
= b C
a
10 |
0
4 5 6 7 8 9 10

Water/minced muscle ratio ( v/w )
Fig. 5. Effect of water ratio to minced muscle on whiteness.

Means with different letters differ significantly (p<0.05).
I due] +8
wha) ol %3 240 WE 11 2 she] 38 SAlste] Az 5 vy

A3k 0 9 Ae FHOR A5 wwde] £8% My A

(Fig. 6), $8&2 54, 2F A8 34, ¢28 Ae) 49 «o= 27139

dodze A T4 Abole] g&o Apolrk WAL of 7ol Wzr]o] Hls
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25 = —

20 ]

15 ]

Yield, %

JM1 JM2 JM3 C1 Cc2 C3
Sample name

Fig. 6. Protein yield of surimi by conventional, acid and alkali
processing. JM, jack mackerel, C, white croaker; 1, conventional

processing; 2, acid processing; 3, alkali processing.

A, 4 R gZE FHn Hee 1¥E, T4 R 9 e
T %(COD)
Al 2oz A T T

2] ¥4 % waste waterd 1d8E AL
A
-

o] o2 EdtH(Table 1). 7o) 44 Az

o W z7]= 6.88), 2.2u1¢} 31.1wjEA Abd dZbe
A FA o3 "¢ A7 &= A9 E AR yeyt g a
TP E] The NS offFo vt HAME ofF7F =2 ¥A COD A

B Edhs WA o fol A 2 vehith dze A ¥4 A9 COD
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= A Ag A Hlgto] drolet WMzY|7F B 13 JidE Aem

R

Ve AF A2 3Rl ete] 2a AREIH} e Aow ekl

Table 1. Solid, total nitrogen (total-N) and COD of waste water from

processing
Sample Jack mackerel White croaker
. Convention . ) . . )
Processing | Acid Alkali Conventional Acid Alkali
a
Solid 10918.3+5
24.0+2.1(25+7.1 152.7+5.8 22.0+11.1 |22.7+1.2
(mg/L) 9.2
Total-N
(mg/100 60.9+1.7[100.7+9.3 [99.9+31.8 46.8+7.1 67.8+28.1
166.9+13.9
mL)
COD 1182.7+19. 1493.3+30.
2292.0+17. 1776+£21.2 |1897.3+16.2 [960.0+61.6
(mg/L) 7 3
4
aof
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bof o2 7HA] o= A= 4

A =)t Choi and Park, 2002; Undeland et

O]

A

aA 7

[e)

=

gule &

A= 25% wro g vl 7] wifo(Toyoda et al, 1992; Park et
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V2 A 78o) (Trachurus japonicus, A7; 20.8+1.8 cm, A<; 179.0£31.4
g), W& 1159 (Scomber japonicus, A7; 245 + 1.8 cm, AZ; 184.6+36.9
g), Y5 FA (Pseudosciaena crocea, A%, 235 + 1.7 cm, A%, 262.7
+11.0 g), Y% wWXx7)(Pennahia argentata, A7; 182+24 cm, A=
125.0£35.9 g), W% zwl ®Woj(Protonibea diacanthus, A7 21.3+0.2cm,
AE; 1392471 g)=ol A Aolet nZej= A B Ao oA

B!

WA o f B &7 o AFOIA 72 TR APHE SN F

R4

o

F ofF e A2A sl ol 2R FRe S AAS L &
TS A FH3 3 meat grinder(M-12S, Kyeunggi, Fujee Korea, Korea)ol
vl st G E 34 E g Al52 ARESHS T

&2 oA HF g dde] 7 FFes AdH F7
=4 A (FD-600, Kett Electric Laboratory, Tokyo, Japan)® =A3}i A%
THoR A 5 oAl diF HF I dMEY T %2 FEASHA
t}.

<d2d 94 &

o] Fo 2wl ZHFFE #H71ste] homogenizer(IKA-25 basic, IKA
Works, Wilmington, NC, USA)& 8000 rpmel A 30% F¢t %2 <& 333

1 YEAAEE 7] (SUPRA 30K, Hanil Science Industrial Co., Incheon,
Korea) 2= 441342 (10,000xg, 25)3te] A2 S A e F

TDL.

ZAapell flob e 22 T3 22 F4FH3 FA 1 N HCIZ pH 50=
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2](10,000xg, 25+)3}
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o Qe AARS 284wz Agsn. 9y AY 5 v

=
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ol
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Ag
<
X
Lo

233 wNae Aol g AL x4

3 @A Ax

FA Ay Fg dulEe wpa S 2wl FRTE 7hsto
homogenizer(IKA-25 basic, IKA Works, Wilmington, NC, USA)Z 8,000
rpmoll A 18 5 2& s & A4 & 2(10,000xg, 25%)3ske] A=
= TAGE RS 23] whEst HFA R 281 %] 0.1% NaCl & o
2 FAISe] 4% sucrose(CJ Co., Seoul, Korea), 5% sorbitol(L TS powder
20M, PT Sorini Towa Berlian Co., Cangkringmalang, Indonesia), 0.3%
polyphosphate(Food Grade, Haifa Chemical Co., Israel)e] w5 A Hk%] |
£ #H7}8F2 Kitchen aid(Max watts 325, St. Joseph, Michigan, USA)Z
& Ejete] Azxednh A gz A dg diE S mhagk o] o
6 el SHTE F7ea 1 N HCl & 1 N NaOHE AHg3te] pHE
259 1052 7kt

duE e AN F 942(10,000xg, 2538}
N

NaOH® pH 7.00.8 Zx#43
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A 7z 34 dide] d5EIH d&s =2 B food
processor(SQ-103, Iljin Co, Korea)® 13# £33t & ujd wo] Yol W&
X A7) (Food Saver Ultra, Tilia International Inc., China)E& ©]-&3}o] <
v Fol 7]EE A ASFI sausage =% 7](Sausage Maker, Buffalo Co.,
NY, USA)E A}83}o] collagen tube(1.9 x 20 cm, #180, Nippi Co.,
Tokyo, Japan)ell &2&Ath. =23 tuber 90T 2 water batholl A 154

5% ok WAAA HEW 9F n@d ¥

—

ot ZhdEtar S4 dEEl
24 SA Agsdn. A =AE A v FE dES dees

200% H7hstert

rlo

Ab-&3te] T8% % Ast o

Okada®] (1964l wet Ay A5(19 x 20 cm)¥lel A& 5
mm<e 38 plunger® A& 60 mm/ming FEZ WA
rheometer(Model CR-100D, Sun Scientific Co., Tokyo, Japan)Z 3}3] 7%
(@) Ad(mm) 7S SA3A. 28l 22 9 CIE Lab colors A
2} A (ZE-2000, Nippon Denshoku, Tokyo, Japan)® A3ttt M AA =
5 M plate® L =96.83, a" =-0.36, b" =0.62% ZE =3}ty on, WAL
= L° - 3b'= AlFe At (1995).

SDS-polyacrylamide gel #A7]%9 & (SDS-PAGE)

F2lv] 3 gol 27 mL9 5% sodium dodecyl sulfate (SDS) &S 7}
3}o] homogenizer(IKA-25 basic, IKA Works, Wilmington, NC, USA)%
8000 rpmell Al 30% &<t #Astete] ¥ d B LU F dES Fo]7]

e 80Tl A 307 &<t sttt &3 A85E A4w2(3,000xg, 15
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W% Wk g wEE At A/9FS A8 Ane A%

4 wal =42 #ZEohA &gtk SDS-PAGE:= 5%° s Ay
75%9] 2] AolA Laemmli® % (1970)e wet F3atvt. d7195
o] ¥y A2 Coomassie brilliant blue R-25004 3}

methanol : acetic acid @ F/F3(1:1:8, v/v/v)&dol A At Ex}a
=4S 98] E7] 259 myosin (205 kDa), E, coli®] B-galactosidase
(116 kDa), £7] 52 phosphorylase b (97 kDa), bovine serum albumin
(66 kDa), @ albumin (45 kDa)¥} Fo}x] A& 9] carbonic anhydrase
(29 kDa)E Xstst= nE8AF ¥+ dzd E3E(SDS-6H, Sigma

Chemical Co., St. Louis, Mo, USA)E A}-&3}¢it}.

ol
X,
X

H
o

=

¥ AR F94 A4 BAEALS JMP program(2002)2] standard

least square® A A|EFFoH FolxtE= p<0.05 FEoA AESA T

2% 9 13

34 audy 8

Aot A7) AY FAHOE HFW 4 % wAl £8L o)Fd u
g dolE wglovt (Fig. D, dA2 #4 35 wude] $82 25% )
dgom Ael, Al @ Wxsle 4By A A5 wHdY Fee 4
7} 319, 30% % 33%EA A Ael % WAl Fgo] o] we
W, W% vt mojst mFoli A Ael 8% @bl el Ael 8%
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wago] wahe] go] %S Aoz Uehdth mRRel olZelA
&= H
-

G AP e duEe] & A AY g @A sk
3-15% =dth A A2 B2 A3 Pacific whiting®] 7] +&

2 21.4%°]™ (Lee et al, 1990), @ 7}%] o]F2] A v & =4
sk Ay 21-25% W <9jgtal ®Hal(Crawford et al., 1972; Toyoda et al.,
1992; Park et al, 1997; )& Aol wFo] & SHolA = A} dzbe] A
g Aol FA Aol H|ste] S-Fetdth o]
A sANAE daHA e SdHE dAe g 7|Qlstr] wiEol
o 2y &2 ofFol wek Zpolrk A7) witel oFel wE FAH

Aeo] 28 Ao oA,

ol

A

30

20 T

eld ( % )

>10 |
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=E==000 00000V ===
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Fig. 1. Yield of surimi from conventional, acidic and alkaline processing.
JM, jack mackerel; CC, croceine croaker; BC, blackspotted croaker; C,

croaker; M, mackerel : 1, conventional processing; 2, acidic processing;

3, alkaline processing
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Fig. 2. Breaking force of heating gel from conventional, acidic and

alkaline processing by punch test.
JM, jack mackerel; CC, croceine croaker; BC, blackspotted croaker; C,
croaker; M, mackerel; 1, conventional processing; 2, acidic processing; 3,

alkaline processing
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Fig. 3. Deformation of heating gel from conventional, acidic and alkaline
processing by punch test.

JM, jack mackerel; CC, croceine croaker; BC, blackspotted croaker; C,
croaker; M, mackerel; 1, conventional processing; 2, acidic processing; 3,

alkaline processing.
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croaker; M, mackerel; 1, conventional processing; 2, acidic processing; 3,

alkaline processing
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Nishioka, 1974; Hashimito et al., 1985) s#|v] 7}<€ A9 &= F7A
7171 &l A FAS T3 A dudo AA= Zasita s
v 10-20%° 38" dwAdS HUbgh aiso] FEne] 7td Al F

== 23Y F7Fgl e (Morioka et al, 1992), <& 2 wwzo] L4

ol weh e Aol 5o g=Zrhal o (Morioka and Shimizu, 1993)
=2 ot 719 Ao m A= ko] thete] XYW A
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Fig. 5. The effect of sarcoplasmic protein on breaking force and

deformation of heating gel from croaker by alkaline processing.
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RO (p<0.05), o] e A5 o7l dAol7F MAF ofF¢l
Z7]e] Hlste] AA dojutth. W7ol H

Hlslo] 3%9] NaClE H7Fsk AoA] 56%7FA] HZAston, wWx7]e=
3B%7HA skl Ev WE g NaCl #7F ke g {94l
Wk HolA FATHFIg7). 3o @A) 7td As A 8 A
7Febe 92 myosing =03 7Y Fo myosin® WA 7o
24 B2 Ao Ao Fash s sty WLl v 7kd
A HFds 918l NaClel 7= da4 o™ (Niwa, 1992), @9 H7bZo] 1
M 9 wj7tx] A e Frhsta ol dd Aev sy Aagta s
% tH(Shimizu and Shimi®], 1955). 18] 3l Pacific whiting A &V <
25%°] NaCle #7I8 S o of 78 =

(Chung et al., 1993).
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Fig. 7. The effect of NaCl concentration on breaking force(top) and
deformation(bottom) of heating gel from alkaline surimi of croaker and

jack mackerel.
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Bt FadteE AL FwaFe pH Ago 98] myosin B2 WA
Edo] dojy =9 qwe v AU ot FEe s Ad Y Wt
T A4S T AS FAT 7 Ao, 99 HIMF B gE =F
H kg 715 A 2 189S SUMA WA TR A4S Wl
o2 ot At 7)ot Aol oy @z FA o 1Al A&
A g Yo AA A AsEgel i 2EEM(26), 9o A

Pacific whiting®. 2 A|x3t 4ty &z v o] g9 = ks A
sttt A THKim et al, 2002). 11 4kxk obzbe] el 34 )
Aol 7t A FA V9 A BA W 5 B 233 #dste]
FE38 HEH ok & Aol

7bE Aol WA= NaClel H7bgel 7k el T7lstes Ae=

N
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Fig. 8. The effect of NaCl concentration on whiteness of heating gel

from alkaline surimi of croaker and jack mackerel.
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Fig. 9. SDS-PAGE patterns of surimi from sarcoplasmic protein(SAR),

conventional(7.0), acidic(2.5) and alkaline(10.5) processing of croaker and
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S wet Wy s hHoy, wAEE i Fashd
w7b kel wel A e g gastaou, WE ge FoAA A
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o= 2 Ael7t ATk FE AP 35 Gy
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=< fractional factorial design®

2
g5, A dE Al G HA H7F ¥ES mixture

Ao ALE3 WE W Z7](Pennahia argentata; A7, 182124 cm, Al
%, 12501359 g)& A BAA A oArFd A Fst] AP AR &

ma el Ao A dEA7 T TR YHS AAGT e HFH sl

ol

, S 2o ARe AR, de)edA T
stgow, HS wwAl §ATEW A (Nutrilac 7723, MD  Foods
Ingredients Union, NJ, USA), dlFa&¥ad =& (Supro 538, Protein
Technology International, St. Louis, MO, USA), 7% ¥ (Prinegg,
Cameron, WI, USA) 3 A8 G A (AMPC, Ames, 1A, USA)E AF&3}
ATH.
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TA @ AL eI 2ol Ittt = vk g o] ol 2] SR
TE  7F5Fe] 8000 rpm(IKA-25 basic homogenizer, IKA Works,
Wilminton, NC, USA)ollA 1% &<t #23}atn 94 E2(SUPRA 22K,
Hanil Science Industrial, Dajeon, Korea; 10,000 x g , 25%)3} %t} ZHAE
e el SRl AHYATIAL 159 ThetAlR o dsto] Aa 2714 o
HAS AAZ F dadesta, I 0.2%9 NaCl &9 d&Azl &

A =AM AT HFAHOR A2 At e

Ay

A& 5% sorbitol, 4% sucrose®?t 0.3% sodium polyphosphateE &3}
FA A 34 dmAdR AREe T
aga GZE A g 9P mpdgk o) &4 6 Ee] TRTFE A
7Fske] 8000 rpm (IKA-25 basic homogenizer, IKA Works, Wilminton,
NC, USA)ellA 1 &<t vt ststal pH 105 (0.1 N NaOH) 2.2 =7 5}
A 2](10,000 x g, 258)3FA . A AW

2
4

.

=
i
ftlo
oo
&l
>,
Ny
ot
{o

B, v, W 5 Egshn

9= A4S W3 HeY B ok auds TRY T3 9
o

38to] pH 50 (0.1 N HChe.& z4slo] gmadS JHA7 F A2
(10,000x g, 25%)8te] @A S 3|slvh. 33 @2 1 N NaOH

2 pH 7002 243 & WsHAYX A (5% sorbitol, 4% sucrose, 0.3%

sodium polyphosphate) & % 7}slo] A 233 th.

7te A Az
HAe] Aed v dWds MdEsr] fste] 2 $F  fractional
factorial® AA o] we} AL n2S dNdS 35 duda

EESI(Table 1, 2), A% S FFo] 8%/t =% ALEL Aststol
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kitchen aid (Max watt 325, St. Joseph, MI, USA)E 3% ¢} =33

o =S vd W Yo ¥ XAV (Food Saver Ultra, Tilia

ol

International Inc., China)® paste 52 7|25 #| A3t sausage 717
(Sausage Maker, Buffalo Co., New York, NJ, USA)ES A}-&3}o] collagen
tube (1.9 x 20 cm, #180, Nippi Co., Tokyo, Japan)oll &=X3}¢ct. %13k
tube= 90°Ce] water bathollA] 15% &< 7FEstal FA o5& 168

Fob WAAA Sk W wad ¥ 84 340 Agstgon], 24 3

EAS AE &3

Okada®] "= (1964)e] web A A5(19 x 20 cm)¥lel AF 5
mme T+ plungerE F#3sla 60 mm/mine =2 22WA rheometer
(Model CR-100D, Sun Scientific Co., Tokyo, Japan)® 3}3 7% (g)e W

F(mm) #= FAHsAT

a2)al Aol ¥ CIE Lab colore A AA(ZE-2000, Nippon Denshoku,
Tokyo, Japan)® ZA3Att AMAAE FF A plate® L° =96.83, a
=-0.36, b" =0.622 #FsstP o, MATE= L' - 3b'2 A tH1994).

7td A9 ATz #S

71 AL 1mm’e @7 E M-St 25% glutaraldehyde®t 1% osmium
tetroxide® 2z} 2417 FoF 12 ¥ 22 nAHSAY. 1A AEE 01 M
phosphate &% (pH 7.2)= A& * 50, 70, 80, 90, 95 ¥ 99% ethyl
alcohol® A 2o A 20% =<t &3} t}. Propylene oxide® 30% &<t 2

3] A &slal, Epson E¢E3 Epson A+B TdEZ 2417 A

I

RS
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Epson 812= Xvwjstitt. Eujst A8& 37ColA 12A3F d5F3 +
microtome(LKB, Nova, Sweden)2 & 05-1 um¢ FAZE A3t
toluidine blue® ©gA et FstdanFow A F 945 vl o&
200 mesh®] copper gride®] H-ZFA]7]3L uranyl acetate$} lead citrate® ©]
% 9Mste FaEAEm 4 (JEM 1200EX-11, JEOL, Japan)o & #3319
t}.

FAEA
29°< fractional factorial % mixture design< JMP program(2002)=

AA skl

Table 1. Starch formulation by two-level fractional factorial design

Ex| Starch (g)"” Response
p. |pota|co|whe | Breaking force Deformation )

%) 2) Whiteness
No| to [m| at (9) (mm)
110 0| O 102.6+4.8 5.54+0.20 18.0£1.0
21 0 |0]21 86.8+5.4 5.05+0.36 20.1+0.3
3] 0 [2.1] 0 89.3+4.1 5.00£0.15 20.2+0.4
41 0 [2.1] 2.1 72.5+4.4 4.19+0.44 22.8+0.5
512110 0 91.8£3.3 5.14+0.20 19.6x£0.5
621021 79.2+4.1 4.60£0.23 21.9£0.2
7121121 0 78.3£3.3 4.65+0.27 20.8+0.4
8121 12.1 2.1 57.3£3.5 3.81+£0.63 23.2+1.1

1) The sum of starch, alkaline surimi and ice water was adjusted to 70 g without salt.

2) The breaking force and deformation values were assayed by punch test using

cylinder-type sample(1.98 x 2.0 cm).
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Table 2. Non—-muscle protein formulation by two-level fractional

factorial design

Ex Non—-muscle
) 0 Response

D. protein (g)
No Breaking Deformation )

WP |SPC| EW | BPP Whiteness
, force (g) (mm)
1101 0 0 0 84.3£1.0 5.33£0.12] 19.1x0.6
2118/ 0 0 0 55.8+5.3 4.61+0.37) 19.6+0.5
3/01(1.8| 0 0 42.0+1.6 3.97+£0.25] 21.1+0.5
4(1.8/1.8| 0 0 28.8+1.5 3.32+£0.37| 23.0x0.5
501 0 18] 0 66.8+3.3 4.2940.43) 20.1£0.7
6(1.8/ 0 [ 1.8] O 67.6£3.1 4.50£0.24) 22.6+0.6
71011818 0 59.2+1.9 4.12+0.28) 24.5+0.3
g8/1.8/1.8,18]| 0 83.4+9.5 4.65+0.09] 25.3+0.7
9101 0 0| 1.8 81.0£0.9 5.04£0.16] 22.1x£0.4
10(1.8] 0 0| 1.8 89.0+6.1 5.21£0.30] 23.2+0.2
1110 (1.8 0 | 1.8 71.814.4 4.90+0.35] 25.7+0.3
12(1.8/1.8| 0 | 1.8 103.6%£5.9 5.54+0.15] 26.5+0.3
13 0| 0 [1.8] 1.8 108.8+5.5 5.13+£0.37| 22.4+0.5
141.8/ 0 |1.8| 1.8 1563.0£5.2 5.43£0.17| 23.2+0.2
1500 | 1.8[1.8| 1.8 115.2+4.5 5.09£0.22| 25.7+0.3
16(1.8/1.8(1.8| 1.8 163.6+2.9 5.44+0.27| 26.5+0.3

1) The sum of non-muscle protein, alkaline surimi and ice water was adjusted to 60 g
without salt.
2) The breaking force and deformation values were assayed by punch test using

cylinder—type sample(1.98 x 2.0 cm).
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Fig. 1. Prediction profiler of starch on a breaking force, deformation and

whiteness of alkali surimi gel from frozen white croaker.
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Fig. 2. The effect of potato starch on a breaking force and deformation

of alkali surimi gel from the frozen white croaker.
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deformation and whiteness of alkali surimi gel from the frozen white
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Fig. 7. Ternary plot of ingredient ratio for optimum formulation of alkali
surimi gel from the frozen white croaker. BPP means a bovine plasma
protein. The breaking force, deformation and whiteness were set above

100 g, 46 mm and 25.5, respectively.
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Fig. 8. Electron micrographs of a conventional(A), alkali(B) and

optimum formulated surimi gel (C) from the frozen white croaker.
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+(Ziegler and Foegeding, 1991)°] g v| st=ke] A3} t&Eo] A F=
S FAAY ds W AFY A tEAS Frsty] As 4-12%9
FToZ AbEstal Jvk(Park, 2000). 183l vl 25 TwlEe d 73 wpzk
THA 2 Feln] AEY Fen ditel oF AFe] drtE wE Vs AdE
M3 Yaf H7relar 9 th(Chang-Lee et al, 1990; Hamann et al.,
1990; Park, 1994; Gomez-Guillen et al., 1997).

3 A 7o) (Trachurus japonicus; A7, 20.8+1.8 cm,
AF, 179.0+31.4 g)= A FGA A9 AXAAA FHste] WG A

2 OARNE SUE F OENe WFS AARD K9S A5

FH
rﬂ

LS E W AR AWAKAE, BN T8k

A(Nutrilac 7723, MD Foods
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=
rd
Ho
av)
=
i
rlo
Ho
o
av)
=

Ingredients Union, NJ, USA), dlFd@#d F=E(Supro 538, Protein
Technology International, St. Louis, MO, USA), HdZx YW (Prinegg,
Cameron, WI, USA) ¥} A& A (AMPC, Ames, [A, USA)S AF&3Fith
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3¢ DAY Az

FA A 3l SR AL v o5 T 20 Fel dsles THRTE
7Fske]l 8000 rpmollA A ZI(IKA-25 basic, IKA Works, Wilmington,
NC, USA)Z vafgt & A2 (SUPRA 22K, Hanil Science Industrial,
Dajeon, Korea; 10,000 x g, 254)3te] A2 HALE 28] S/ <
st 1739] ZtelAR oJmete] 2718 diAds A AT dE

A2 (10,000 x g, 25)3Fe] D2 A= 2vi ] 0.2% NaCl &d&5

ool BAG zAGA AdBelse] Mrd 2HA )

]
R
fus

o

i
o

A| A & AL
ALS Fabo] WEHAHX A (5% sorbitol, 4% sucrose, 0.3% sodium
polyphosphate) & 7Feto] Alxzstdtt. &2 Ag 3 duid2 v
3k o gl 6ul e FHFE H7reta 1 N NaOHE AMg&to] pH 1052

O

LAE2(10,000x g, 264)38te] S A S 37Tt 3k G E e |
NaOH= pH 7.08.2 43t & YsHAAWA]A (5% sorbitol, 4% sucrose,
0.3% sodium polyphosphate)E # 7}sto] A 23} o}

7tE A A=

HA o HiEd vIS dulAES dd9str] 9t 2
factorial Ho 2 AAG Eeuld wet AR} v2S dldS 3¢ o
A3t BESHAHTable 1, 2). AF % FFol 8%/ HES ALES
A 7}8ke] kitchen aid (Max Watt 325, St. Joseph, MI, USA)& 3% &3

star mjd o] Yo AF EA7](Food Saver Ultra, Tilia International
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Inc., China)® <#v] F9o 7]¥%Z AA3] sausage +77](Sausage
Maker, Buffalo Co., New York, NJ, USA)Z collagen tube (1.9 x 20 cm,
#180, Nippi Co., Tokyo, Japan)dl SZlatsdth. %3 tube= 90°CY

water bathollA 158 &< 7t€sla HA] dS5E° 16% &< WA A
ShEd W Bt & B4 S A&t en, A AHeE g4 g
2 2%9 AA A2FS HUbst &Z4E Ay 34 dmAe A5 HUlst

A oo 7k A AlxEs AT

#loll A5 5 mme] 74 plungerg &#3stil 60 mm/ming £E=2 & WH
A1 rheometer (Model CR-100D, Sun Scientific Co., Tokyo, Japan)=Z I}
FE(g)e HE(mm) @S SAsHAT

Aol =428 AA(ZE-2000, Nippon Denshoku, Tokyo, Japan)® 7 2]
¥W CIE Lab colorg =733tk MaA= £+ A plateZ L =96.83, a'
=-036, b" =0.62= FFdstRon], YHLEE LT - 3b 2 Arksk gl oh(Park,
1994).

g A MATE BE

71d AL Imm’e A7) 2 A A8t 25% glutaraldehyde®t 1% osmium

(%]

tetroxide®= Z+ZF 2A)17F =oF 12 2 22 AT 1A AEE 01 M
phosphate &= (pH 7.2)2. =2 A F3d & 50, 70, 80, 90, 95 Z 99 ethyl

alcoholZ A -2oA 202 &< &3t Propylene oxideZ 30+ &9 2

3] x3kslar, Epson £3E3 Epson A+B £ EE 2417 AFA7 &
Epson 812= Xujslgtt Ewjst AR E 37CoA 1247+ 453 =
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microtome(LKB, Nova, Sweden)2.& 05-1 um® FAE ZdAusto]
toluidine blue® wMetal FegnFdow A& F 95 vl o=
200 mesh®] copper gride®] HZA|7]3l uranyl acetate®} lead citrate® ©]
= 98t E3AAE v 4 (JEM 1200EX-II, JEOL, Japan)o.2 #3331
t}.

<= fractional factorial % mixture design JMP program(2002)=
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Table 1. Starch formulation by two-level fractional factorial design

Exp| Starch (g)” Response

. | potat| cor Breaking force | Deformation )

No | o . wheat (@)? (mm)? Whiteness

1 0 0 0 84.44+8.3 4.27+0.79 18.04£0.6
2 0 0| 2.1 70.8+£3.3 3.69+0.61 17.6+0.4
3 0 |21 0 72.4+£3.2 4.454+0.50 17.940.3
4 0 |21 2.1 52.4+3.1 3.80+0.33 17.7£0.6
512110 0 70.0£3.1 4.0040.21 17.7£0.6
6 |21 |0 | 21 44.2+1.3 4.631+0.47 18.0+0.4
70211211 0 52.7+2.5 3.70£0.30 18.04£0.2
8 | 21 |21] 21 54.2+4.1 4.01+0.46 17.940.7

1) The sum of starch, alkali surimi and ice water was adjusted to 70 g without salt.
2) Breaking force and deformation values were assayed by punch test using

cylinder-type sample(1.98 x 2.0 cm).
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Table 2. Non—-muscle protein formulation by two-level fractional

factorial design

Exo Non—musc|1e) protein Response
(9)
No.|WP| sPC | Ew | gpp | Creaking|Deformation), L ees
force (g) (mm)

110 0 0 0 136.8+£5.1| 4.77+£0.26/ 20.0£0.1
2 124 0 0 0 115.4+4.1] 4.27+£0.27| 20.3£0.5
31024 O 0 119.2£15.3| 4.92+0.47| 22.1+0.6
4 1241 24| 0 0 101.4£11.0) 4.61+0.41| 22.7+0.9
510 0 | 24 0 138.4+£22.1| 4.11+0.73] 19.6+0.5
6 |24 0 | 24 0 134.846.7| 4.69+0.45 21.6+0.3
7102424 0 110.2+6.8| 4.14+£0.36/ 22.2+0.9
8 |24 24 | 24 0 135.0£5.0| 4.44+0.34| 24.3+£0.3
910 0 0 2.4 158.8£22.0| 4.74+0.58| 21.2+0.3
10(2.4) O 0 2.4 170.6£8.8| 4.95+0.25| 21.4+£0.4
MM 0|24 0 2.4 147.0£5.5| 4.98+0.30| 22.0£0.3
121241 24| 0 2.4 149.6+4.3] 4.89+0.09| 24.1£0.2
13] 0 0 |24 ] 24 155.843.9] 4.36+0.26/ 21.7£0.2
14124, 0 | 24| 24 180.0£22.5] 4.29+0.50| 24.1+0.8
1510 |24 24| 24 173.4£16.3] 4.43+0.27| 23.5+0.8
16 (2.4 24 | 24| 24 197.0£16.8| 4.32+0.34| 26.1+1.1

1) The sum of non—muscle protein, alkali surimi and ice water was adjusted to 60 g
without salt.
2) Breaking force and deformation values were assayed by punch test using

cylinder-type sample(1.98 x 2.0 cm).
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Fig. 1. Prediction profiler of starch on breaking force, deformation and
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By 2e kS A A3 Z=7FAZIttE Bl (Ziegler and Foegeding, 1991;
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Fig. 4. Prediction profiler of non-muscle protein on a breaking force,
deformation value and whiteness of alkali surimi gel from the jack
mackerel. WP, SPC, EW and BPP means whey protein, soy protein

concentrate, dried egg white and bovine plasma protein, respectively.
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Fig. 6. Effect of bovine plasma protein on a whiteness
of alkaline surimi egl prepared from the jack mackerel.
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Fig. 7. Ternary plot of ingredients ratio for optimum formulation of
alkali surimi gel from the jack mackerel. BPP means a bovine plasma
protein. The breaking force, deformation and whiteness were set above

110 g, 4.2 mm and 22.5, respectively.
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Fig. 8. Electron micrographs of a conventional (A), alkali (B) and

optimum formulated surimi gel (C) from the jack mackerel.
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dze A g @AY Az

adzke] Ay 3¢ @ ALS meat grinder(M-12S, Kyeunggi, Fujii
Korea, Korea)ol A 23] vlast o S 6ulHe] S/H-E H7bsta T2
L}o] Z(Ika basic 25, Ika Works, Willmington, NC, USA)= 8000 rpmol A
sk wAske §, 1 N NaOHE AF&-3te] pH 1052 747t 24 3o] o

oy 1 N HCIZ pH 50oz ZHste dwzasS HAAZ
(10,000x g, 25+%)ste] @& 3|43}
2 pH 7002 43 T WEHAX A (5% sorbito, 4% sucrose, 0.3%

Hatel -20TAM B AgHAA BAE 9

vy

sodium polyphoshate) & %

d AR g,

ut

=743 34 @A 2 go] =FHF 975 mLE #H7bsta 25 mLeY 6 N
HClY AZAE A7 et 50 mLE W& the o 33ttt o 3ol 5 mLo
TBA/CH;COOH €9 5 mLE &3t 90CelA 30% &9 7149 & Yz}t

sta 531 nmel A FFEE ZFsHarh

8000 rpmelA 30% &< A s, ¥ HAES Toyo No2 JHA=Z o3
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4
A AT 35 diAs ALoA ezl F, T o] 78% 7t
HEE JdSES 124 ¥y food processor(SQ-103, Iljin, Korea)® 1
= oE3e & oujd o] Yo ¥ ¥ A7|(Food Saver Ultra, Tilia
International Inc., China)& ©°]&3te] v S 7|x& AASIAL
sausage = %7](Sausage Maker, Buffalo Co., New York, NJ, USA)S A}
23}l9] collagen tube (1.9 x 20 cm, #180, Nippi Co., Tokyo, Japan)ol =
A3skAh S8 tubes 90°C2] water bathol A 15% &9t 7FE &t A

de=ol 16 5 WA4AA s 9 Bnad §F 24 A ARSst

Okada®] w1964l wet Ay A8(19 x 20 c)lel A& 5
mme 738 plungerE #2381 60 mm/min® £x==2 22 A rheometer
(Model CR-100D, Sun Scientific Co., Tokyo, Japan)® 3} 7% (g)e W
Fd(mm) #S 45 Aol ¥ CIE Lab colore A 24 (ZE-2000,
Nippon Denshoku, Tokyo, Japan)® =43t MAAl= X+ A plate®
L" =96.83, a" =-0.36, b" =0.62%2 ®Fstgon, MATE L - 3p'= 7
b3S BH(Park, 1995).
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5 Hael Fod AAY EAEAE JMP program(2002)¢] standard

least squares® A3t oM, FoatE= p<0.05 oA HESAT

A3 2 1%

A st

A7ge] 34 AL YE A T AHe syt 24 dojus Ao
2 yelygtow wzy] 3¢ dmAde A 77 F 2 HIE Holx &

ehFig. 1). o 2& Avp= Aol 85 wade Wxs] 55 wudol

ujshe] thake] A o] AEes] )

M
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N
o
fu
o
o
i,
i
offt
iy,
2
o3t
N
N

7 = WY Ylol @ 4 Quh(Sikorski et al, 1976). &z ¥4
Hape= gy FA Aol gl7] witel of=F

9]  hemoglobin®} myoglobins st dow, pH Ho FTAHL

o #5E o vwde 3

hemoglobin®] pro-oxidative A4S S7MA17]17] w9l (Richards and
Hultin, 2003), 34 @ Ao To}eli= hemoglobin® myoglobin< #] & 2]
Absto] 7]t Ao g FAH T Deoxyhemoglobine W73 heme-crevis
uj ol oxyhemoglobin®e] H]&le] ZFel 3l A3t Zwjg2 28304, pH 7.29]
H]3te] pH 6914 hemoglobin® 43} £ %+ F 71t} (Undeland et al.,,

2004). &#e 42 @A S5 98 pH 5o% Fdst= A4S EF
&7]  wiel Aol Hdle]  hemoglobing AFErE EX I, olE
deoxyhemoglobin®} metahemoglobin®] At3E ZZst= Hoz FHHAT
o] %] wE hemoglobin® pro-oxidation®] zto]l:= AT} =20 thak A
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19 tH(Undeland et al., 2004).
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Fig. 2. Change of browning during storage at —20C.
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10%/gS UEFATHFIg. 3). o] & AdE AHAs] Wzbgk A4 o] F2
Azd sev mAPELe 10°-10Ygel Weets ®muek Ao AA )
(Lee, 1992). Al @dt & Agtits} Hz7loj5eo A4+ 88 x 10Yg -
49 x 10°/g 2 70 x 10%g - 39 x 10°/go 2 A A|F] we} B o]
Hvh(H, 1985). 5ol WA AxE 9t 95 1599 AHEFE 48 x
10%/golglon, FHol WgS AAsL FAste] 17| Zeld b, thse]
723 FAstAE HIbeto] diFol X & 7] 24T 5] WA
o] AEFE 28 x 10¥/g019 L —20CH A 604 A% Fol= 3.3 x 10/g 7t
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(Park et al., 2003b) 719 A @A 7|7l zol7t Uee HoFa Advh 2
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A= A9 o] FolA 9 k.

B AT e golow Adde 05T o %
ANS 254 Wal, SH 719 wa), 4719% o] wah, R 29E=d9
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ANS 27742 Roura 52 WH1992)o wet &8st oS dds
Ak pH &Ho = 0125 0.25 05 2 1 mg/mL7l HE5 4GAZ 343
mLE 719 +£3+Z(Model PCC-7000, EYELA, Tokyo,

Japan)el Al & 1T &&= 25CelA 80C7HAl 7FgatHA 5T HA 2

ZAEE AY A dE&EgA YA 7| 20TAA 58 EoF gz e

-

SFAAZI TS 10 ul® 1-anilio-8-naphtalene sulfonate(ANS) &8-S 3
7}&lo] excitation 7 374 nm, emission 3 485 nmoll A FFF =
(LS-50B, Perkin Elmer, USA)Z A3ttt A & 7t9ES &l 27
o] o wild A5 & 20, 30, 40, 50, 60, 70 X 80TolA 10+ &<t 714
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Bruker, Germany)Z & ~HEZHS FA 8%
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gttt @Wd gA(1 mg/mL)E 72 £353(Model PCC-7000,
EYELA, Tokyo, Japan)ollA #3 1C9 &£E2 25CoA 80T 7HA 71435t
AA 5T HALRE AEE FHt FA deEolA WHA7IL Alg &9
250 uLel total SH 7]¢] A< 4= 8 M urea, 2% SDS, 10 mM
EDTAE *3%3= 0.1 M sodium phosphate (pH 8.0) &4 25 mLE #H
7hstdaL, w843 SH 719 S4<l 45+ A8 &9 250 uLel 2% SDS9
10 mM EDTAZS %335+ 0.1 M sodium phosphate(pH 8.0) &< 25 mL
£ Frtstdd. Ao whs &

(2-nitrobenzoic acid)& NS 7Fste] total SH7|&= 40ToA 258 &<t

g3t & wkSA SH7|+= 5ColA 25w AFs & 412 nmoll Al ZHzhe]
TR Z B33 A(UV-1601, Shimadzu, Kotyo, Japan)® =74 &}t

SDS-polyacrylamide 7] %% (SDS-PAGE)

Y% pH &HS AESte] 24 A8 @AY FE 1.25 mg/mLE %
A3k ¥ 0.25 mLe SDS-PAGE Al®s €% 94(0.1% bromophenol blue, 14.4
mM 2-emrcaptoethanol, 2% SDS, 50% glycerolS 3X3%tst= 60 mM
Tris-HCI(pH 6.8))& #7Fste] 90TCelA 3 &<t 7Fdsto] d7d&8 Al
25 AEAT
SDS-PAGE+= 5%°] 5 A3 10%<] &2 &olA Laemmli®] 8 (1970)
o wet At d71gEel Ed A Coomassie brilliant blue

R-250°1 4 &FF% A M3 & methanoliacetic acid:ZHF(1:1:8, v/v/v)Y
gl o 2 wjgo] A wj7tx] g5t EAE S4S s E7

<4 myosin(205 kDa), W&+ galactosidase(116 kDa), E7] <5
phosphorylase b(97 kDa), E7]<+% fructose-6-phosphate kinase(84 kDa),
284 albumin(66 kDa), & 7t glutamic dehydrogenase(55 kDa), £7]
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4 glyceraldehyde-3-phospho dehydrogenase(36 kDa), & A& carbonic
anhydrase(29 kDa), 4 #% trypsinogen(24 kDa), W5 trypsin
inhibitor(20 kDa), %+ a-lactoalbumin(14.2 kDa) % 4 ¥ aprotinin(6.5
kDa)& X3sl= HWe ¥+ o9d 8= 4038, Sigma Chemical

Co, St. Louis, Mo, USA)E

i
S
=
ofo
ol
2
3R
Y

A ZFFEALE FA (DSC) 4
DSC #2412 micro DSC II(SETARAM Scientific and Industrial
Equipment, France)= A A&ttt A &dstA FAE & 6560-700 mge] 3]

S R A(GETE 80%)E 2AY F celldl 93 FA4S wol Lu o)

>

+ 10-90Ce =% Heel 24 3 1KY 22 255 &

3tk ol reference:= &%

Lo
ol\
S
-
Ll
>
ofo
ol
2
o
&
>,
bl
M
4
o
o2t
ol

F=814, fold H2A 2 AEEFAEAS JMP A Z223(2002) =

woll WA= pHe 9¥FE HES AIH(Fig. 1), 40Tel*

7004 74 =9kal, 60CelAE pH 9.0, 80CeIA= pH 8.0% 105914
=7 #E EAr(Figla). 123 W mwp wleji= 40T+ pH 11,
T} 80CellA+= pH 105¢ pH 7.0914 7Fd =2 #%e B ATHFig.1b).
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Fig.1. Surface hydrophobicity of the functional protein from mackerel(a)
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2845.0/cm®] peakt pH 10.0 °]% Algbd o, 1636.4/cme] peake pH 103}
1059014 @AA3] S7FAT7F pH 11.0014 thA] ZAask ek 2360.9/cmet
2342.7/cm= pH 11914 ¢bd38]  Abgbdth gk pH 80 o]/l A
1395-1402/cm®] peak’} M= Z@sitt. dd W& Anp wojo] AgIn
pH 7.0014 et 2927/cmeb 2854/cme] peaki pH 105 o]Atoll A Apehx
HbH - 2330/cmet 1123/cme] peaks pH 1059014 A=

A3 gE ol 1628/cme] peake  SUFStE Aoz YERSUH(Fig.d).
Li-Chan and Nakai(1991)+= lysozyme® & % DTTel| 2|3 #3lo| A 280,
2942/cm= A< C-H, 1660/cm+ amide I, 1447/cm% CH., 1080/cm<}
1107/cmE C-N, 1030/cmE Phe, 543/cmE Trpel W3lo| sjdattla 313
1, 7FE A= amide 19 slEslE 1660/cmeoll d1H3F= bandd] F71E %
el o] &= total B-sheet 79 S 7k 7]dsttar A tHLi-Chan and

Nakai, 1991). ¥ 2 3lo]A pH 7.09] H]ste] pH 105914 1636/cmell 3l 33}
+ peak® Tl &7 pHolA oS dwide]l Fx E¥o| 7|A% B
—sheet 729 S7I2 FAdd). o] & A= =2 pH HYAA WA

o oS @A g-helix 7F7F 8= AS 9 v sl a-Helixe] €ol
st A3 o]F HER QA AsE WAy Wi a-helix 7% #
P g3 F AEr A AslE fd H5Holgtar 31 tHOgawa

et al,, 1999). Pacific whiting 527 ¢ Raman spectrumol A &4, Ad-& a1
==
[e)

—_

o

9z Al AWE ALEY g FeAge ¥3-2 C-H stretching 3
of sjdst= 2930/cm <A A HAR FAHAT F Uil siglow
(Bouraoui et al., 1997), 3070/cm <*¢] w+= W3a= C-H stretching®l 3l
Pttt ar 3 tH(Li-Chan and Nakai, 1991). 221} 2330-2370/cme] &4
of ¥gk nl= EHA &

s
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Wavenumber cm ™!

Fig. 2. FT-IR spectra (500-4000/cm) of the functional protein from
mackerel at pH 7.0, 8.0, 9.0, 10.0, 10.5 (top to bottom), and 11. 50 pg of

protein was loaded in cell.
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Fig.3. FT-IR spectra (500-4000/cm) of the functional protein from
frozen croaker at pH 7.0, 8.0, 9.0, 10.0, 10.5 (top to bottom) and 11. 50

1g of protein was loaded in cell.

B34 #H F SH 719 H3
o @] wkeA 8 F SH7Ie WEte] mA= pHe FFE ot

w7 98 pH 7, 8 9, 10, 105 2 110 &g ZaFo] @wads 20-8

0C7kA] 1C/ming] == 7FE3tdA 40T, 60C 2 80T A w84

SH7](Fig. ¢ % SH7I(Fig. 5% WsE A3t w4 SH 7]9

T 40TC9 60CNA pH 453 & HAstda 80CAAE pH A%
]

2 YEh 9 SH7I9 e ogk S-S A7 IS AASES T S-S
Aste o]f Aol A moduluse F7Fel 7]1ols™ (Niwa et al., 1986),
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7kl efste] A FHel yehd wkEA SHe @i &3 Atelo] 2

s B3 A FA 7logitta sk th(toh et al, 1979). 18 i 7hE el
Ja PR wdwe ZEs wud SH /1t ¥ 4Ee AR e

SH7I&& dHe de &g A JAgdo Tas s Pargvta skt
(Margoshes, 1990).

W zmwp Wojo wkEA 9l F SHY| 479 W= dausole Ag9f
zto] & Holil glojA o] wE w4 SH7I = 79 o7t
L pH 105014 7H¢ =2 wbeA SH 7] &S dehdi= A 7
o|(Fig. 6), pH 105014 7} WF9o] SH7|7F TR =ZHe= AL
e g

bre)
rlo

7hE 2=e WE F SH7] = AFol7t gl

32
[o
i
ko]

T
=

al
8, 99141 7} =Skal pH 103 11914+ 1/30] &8t vh(Fig. 7). o] #&
o] ¥ pHelA F SH7|9 F7F 4% AL SH7|7F b 343F wkg-o
A% Zlow Addn. A4t o) ey Ao A AAGast 7t
Aol o8 gaS wom Azl SH 719 Abskel ddyko] gltia &
A THChawla et al., 1996).
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Fig. 4. Reactive sulfuryl group content of the functional protein from

mackerel.

Fig. 5. Total sulfuryl group content of the functional protein from

mackerel.
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Fig. 6. Reactive sulfuryl group content of the functional protein from

frozen croaker.

Fig. 7. Total sulfuryl group content of the functional protein from

frozen croaker.



SDS-PAGE
Zasolet Wenwiiloje] sudMids pH = &A1 F 10%

polyacrylamide oA SDS

2} mysoin heavy chain® %<& thx ZHA3HA 205 kDa¥t 116 kDa Abo]

of minor band’} @393 pH 11914 °F 50 kDaol @3+ band”}

24 E 9 (FigR). 18l Ys mvp woli= pH 70004 FEeA vEebd

w2 oF 125 kDa2l band®] =+ pH 453 & #Aaste Aoz

U EY 3L myosin heavy chain®l] 3]@33t= 205 kDa ©]/dl A

A2l minor bandE #=3 4 AATH(Fig9). o= pH 10.5°14 myosin

heavy chain®] %A Ao 93 Aoz FAuyct 719 Ao HE=

myosin heavy chain®] &3 #3fo] <o]F3th(Hossain et al, 2001).

|

Threadfin bream®] acetic acidell ¢]3t A 3}+= myosin heavy chain®
el w##e]l A °F 160 kDa®l w¥d EA7F yEpdtia St
(Chawla et al, 1996). Hoki &7 < 84 wuzd A
heavy chain® 7Fal A3t wh&-& Fvjstar o] ¥H-g3 2831 kamaboko
Aol P& 98] Ca o]0 Aol o] WEEL tranglutaminased] <]

st 7hsAd S AlAFSFS tH(Limura et al., 1991).

2 myosin

A

T
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205kDa

116kDa |
97kDa .
84kDa _' '
66kDa !

bdolecular weight, kDa

55kDa

45kDa W

36kDa

. — — m—
HM" pH 7 pH 8 pH 9 pH 10 pH 105 pH 11
Fig. 8. SDS-PAGE pattern of the functional protein from mackerel..

HM": wide range standard marker
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sarcoplasmic + myofibrillar protein — croaker

205kDa

116kDa

97kDa
84kDa

66kDa

55kDa

e ey

36kDa

bolecular weight, kDa

MW pH7 pH8 pH9 pH10 pH10.5 pH11

HM" pH 7 pH 8 pH 9 pH 10 pH 105 pH 11
Fig. 9. SDS-PAGE pattern of the functional protein from frozen croaker.

HM": wide range standard marker

254
EReiChig R

, o8 dad g deld sl g o] Apolof] ok
dol2 st ey 5 AAFAIA FA = A5 tH(Table 1).
A el AL 423 517 2 60.1C A endothermic peaks H. ¢ o™
WA dEy gk 0.170 cal/gel At Y ol2] myosin, light meromyosin 2
actin Z}7} 50T, 47C % 75TCoA Hd dolEE& WEM, = actin

= Admde] JgFow Qste] 53ToNA peakE Holil, Yoje
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MNEN QAL 43T, 53T 2 68Tl Al 7§19 peakEs Hlttar astitt.

Table 1. The results of DSC analysis of myofibrillar, sarcoplasmic and

surimi protein from croaker with processing

Processing Peak 1 Peak 2 Peak 3 Peak 4 Peak 5
Myofibrillar 423" 51.7 60.1
protein (0.1184)? | (0.0101) | (0.0416)
Sarcoplasmi
33.4 58.46
C
) (0.0024) (0.0013)
protein
Alaska
34.9 41 1 51.1 67.8 80.5
pollack
o (0.0207) (0.028) (0.0039) (0.0691) (0.0116)
surimi
Alkaline 33.1 44.27 65.53
surimi (0.0126) (0.0044) (0.0018)

Data was mean values by duplicate determination

Y Maximal transition temperature(C)
2)

ethalpy vaule (cal/g)

aglal o] e MAZEE sTEd Aozt o AA et W g
o] gJttar st th(Akahane et al, 1985). & 23 o] Ay ZYPAFehuz
2 423T, 51.7C % 60.1TCeA Ho Hol]2%=& YEl o] Jojof i A
]2 Holx AL HEY Fo wWE Aol¢l How JudHEw, 51.7CY

o

peak™ myosine WS WYgsts Ao= BT
<382 @0 334TC¢ 585C A endothermic peaks ez A
A dgs] gk 0.0037 cal/gelflth. DSCZ =A% ZAA x2o] ¢l

Pacific whiting %¢] <84 @iz & 452, 59.0C % 755T ¢ 3719

rr
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B 31 (Beas et al., 1990)<}
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o] ztol:= pH7.03F pHIOON A Hlmz 2 Aoz 1}E
el 9% S-S AF FAHS AAEATh pH E2 &A1z Zargole}
W mmprlel o] SDS-PAGES A, pH7F A5gel weh 71 Ao 4w
o} ¥# 2+ myosin heavy chain® @A 7F vebdch 4728 FHo=

Az 3 duids AAFAEFAR E43 A3, 331, 44.37

-
rlI
olo
oL
wn
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o

o] peaki= HolA] @& ZoR Hop Sl <he] pHYE of§ @A
o] WA 7]og Ao FAH3S

=A<l pH Aol o3k o5 wid Ao P4 pH Aol 93 a
~helix 727} B-sheet 722 HFsta 7tEel o3 S-S Ajte] P4
pH 105 A gl ¢3F myosin heavy chain =&A FAel &3 Aoz H
Hi=3
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A1A oK RE VMFEINE AZE AT &4 2 712 ¥ HAH3

o] Tl o] shERae] e ATE 1960l AW
M, FE AUEgEe] gd g 49 AN FE AR A B3

o Aem, Hol= BHE3] 2 vhat A FAGol At A=

(Kristinsson and Rasco, 2000b). &4 % 7l5Es]ES ZA|3te] 2]E5H%
715A4E Bagk A= Ao g (Sugiyvama et al, 1991), o] (Hoyle and
Merritt, 1995), capelin(Shahidi et al., 1995), dogfish(Diniz and Martin,
1996), Pacific whiting -2F&(Benjakul and Morrissey, 1997), thA %k ¢loj

(Kristinsson and Rasco, 2000) 5°¢] o, A&t g49 &X4o] =1
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rLHn
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Shl
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olf
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of AFA/AaFA dF AA FFE HA7] "ol TtrEdlEY] 7leA
of 53 FastH, AAE FAE = Ar|7t FeTE SR JHE FEH
7} " tH(Gauthier et al., 1993; Mullally et al., 1994).
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Flavourzyme 500 MGE o]&3dle] &ZE g FAHOZR o dids

g5l pH 55= FA3ste] A3 oK Hd @A 7}

A 2 By
A=
& WZx7](Pennahia argentata)= &% A9 whole sale martol 4

i

i

A7 Uil 4T 9 A2 chamberol A 3% sjEs &

=8 A5=2 AFEs

-+
s
o

il
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oft
o,
9
av)
=
i)
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o
NE F AW wd Bas

rlr
r 9
Ho
av)
=
i
o
X
ol
Sh?
:(|>L_',
ok
N
%0,
rlr
olr
)

—

nwol T1ey AFRAES A2 5 dE AL TR Goldel 2A%
o] AA3sFIE Alcalase 0.6 L(endoproteinase from Bacillus licheniformis),
Neutrase 1.5 MG(endoprotease from Bacillus amyloliquefaciens), Protamex 1.5
MG(Bacillus protease complex)®?} Flavourzyme 1000 MG(endoprotease and
exopeptidase from Aspergillus oryzae):= (5°) Hlo] QA 2ol A ]33t} Al

Z4A AN AASE AlF G4l EAL Table 13 2 tH(Novo Nordisk, 1996).
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Table 1. Properties of proteases provided by manufacture

Optimum
Declared )
Protease o Optimum pH | Temperature, | Max % DH
activity .
C
Alcalase
0.6 AU/g 8 50-60 15-25
0.6 L
Neutrase
05 AU/g 7-10 40-50 10-15
05 L
Protamex
15 AU/g 7-8 50 10-20
1.5 MG
Flavourzyme
500 LAPU/g 55-75 50-55 about 60
500 MG

2
Ho
o

z,
!
Lo
1

=
=

y
Ad Aol vhAge] omel AYHE FHEE H7HSED 8000 rpmel

x
S
P
offt
rO
&Y
)
i‘l

5l sk S (IKA-25 basic, IKA Works, Wilmington ,NC,
oy

USA), 2 N NaOH=Z pHE 105% ZH3slo] of& A& sttt &
g ofF @A 10000 x golA 258 &< A4 E2(SUPRA 30K,
Fakgon, 43

Hanil Science Industrial Co. Ltd, Incheon, Korea)s}o] 3]
of Ads &ds] AAs] skl 289 TrokAlE ARE-E}o]

7HEA E9 e 2 N HCIE Abgste] pH 552 Xdste] g d s %
A7 5 FdR 2 RSt Al G A S 3gate] Tl R

g A% /14 g0z Agasn

£4 B9 23
59 ol Bude AR @ A% G0 9Nl Re) B4 94F
4o 0.25 mLel o5& ©@ld 025 mLe Al &4 025 mL(1% §9)E
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7hetal 40CollA 10 &< #SAIZ F, 16% TCA 0.75 mLE Yol W&

S FAA7 AL, AEYA500 x g, 108)8te] A& Ar=9 05 mLe] 2.0
mLe 055 M Na,COs; &S @1 158, 05 mLY 1 N Folin—phenol &

As Hrzpstel 308 W3 F 660 nmolAd FFF=A(Hehios beta,
Unicam, England)® $3%5 =439t &4 &4 =% Ansond WH
(1938)e we} FoA vhg oA 3 m

2 ¥ &= tyrosineS

We FAE 99

mg?] azocasein® 0.625 mL<¢ Mcllvaine <5<}

(pH 3, 6.75, 1055 *%st= e &4 1 mLE 2F w8 2&oA 5

=)
o
B\
o
_O‘L
s
v
_11)\1
O

Fob g & 1% Al &4 £9S5 025 mL 7FsE 3 AE A3
17+(10, 35, 60%)& <t =3kt 50%2 TCA €< 02 mLE
7bstel eSS FAAIZI F 1500 x gol A DA R (Eppendorf Micro

oo
S~

i

centrifuge, Model 5415C, Brinkman, New York, NY)slo] HAES A A
stal A 0.8 mLE FHot azo A& Aststr] 9@ 10 N NaOH &4
= 7FeF ¥ 430 nmol A FF=E SAHSATH

Sl 5= Lowry et al.(1951)¢] el wel F48ek%1 2™, bovine

serum albumin®. 2 ZFA % HAEFarXo] uwg @A == A4egth

ol

(Fig. 2).
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Fig. 1. Standard curve for determination of tyrosine.
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Fig. 2. Standard curve for determination of protein concentration

by Lowry method.
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Fig. 3. Standard curve for determination of amino nitrogen by

TNBS method.
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7} 1%7F |7 SDS &L g ¥ 80Te F& 4
gAY, ST ARS 9482 (3000xg, 158)3

Asta A chromatography g 98 Al5=2 AFEstATh A5 €< 100 ul

£ W
s
oo
ox
_|>i
>,
il
—_>‘l-a

£ 0.01% SDS &H4& ¥3st= 20 mM Tris-HCI (pH 7.0)02.2 HPA 7]
HilLoad Superdex 200 prep gel column(1.6 x 60 cm)¥ HilLoad Superdex
30 prep gel column (1.6 x 60 cm)ol FYste] 7S fEFHoz |
ml/min®] £E2 §EsHth oju &&¥ = @A 206 nmolA A=
sttt A dwde] FAHe 2 A A ARvtEIHYE &
= @A hovine serum albumin (MW, 66,000 dalton), egg ovalbumin
(MW, 43000 dalton), chymotrypsinogen (MW, 25000 dalton),
ribonuclease (MW, 137,000 dalton), cytochrome (MW, 12400 dalton),
aprotinin(MW 6500 dalton), vitamin BI12(MW 1344) % carnosine (MW
2260007 AT ZF4ddd wet A5 tHFig. 4).

1.E+05
[
o
‘©
o
E) y =1 E+O7e_3'1921x
o 2
= R°=0.9907
IS
o
[¢b]
o ¢
=

1.E+04

1.0 1.5 2.0 2.5
Ve/Vo

Fig. 4. Standard curve for determination of molecular weight by

HilLoad 16/60 Superdex 200 column chromatography.
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Table 2. Experimental

design for

Flavouzyme after hydrolysis

inactivation of Protamex and

Residual activities against
Rows | pH | Temp(C) |Time(min) azocasein, 430 nm

Protamex Flavourzyme
1 6.75 30 60 1.931 1.633
2 10.5 80 35 0.074 0.052
3 6.75 55 35 1.567 0.491
4 10.5 55 10 0.712 0.580
5) 3 55 10 0.004 0.045
6 6.75 55 35 1.583 0.350
7 3 30 35 0.024 0.815
8 6.75 55 35 1.513 0.420
9 6.75 80 10 0.048 0.036
10 3 80 35 0.050 0.047
11 10.5 30 35 1.655 1.442
12 3 55 60 0.057 0.048
13 6.75 30 10 1.971 1.704
14 10.5 55 60 0.368 0.114
15 6.75 80 60 0.049 0.030
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Table 3. Experimental design for preparation of hydrolysate from Jack

mackerel using Protamex and Flavourzyme

Protease: ) ) Response
Rows Temp(C) | Time(min)

substrate Protamex Flavourzyme
1 0.0095 60 30 10.48 10.10
2 0.0095 60 10 12.24 7.06
3 0.0095 30 10 4.35 2.29
4 0.0095 45 20 13.67 8.31
5) 0.1 60 20 19.93 12.22
6 0.1 45 10 18.93 15.27
7 0.0095 30 30 10.57 3.90
8 0.0095 45 20 12.40 8.07
9 0.1 30 20 16.37 8.72
10 0.005 30 20 5.99 3.14
11 0.005 45 10 8.90 4.09
12 0.005 45 30 11.47 8.42
13 0.005 60 20 9.94 5.02
14 0.0095 45 20 13.61 6.39
15 0.1 45 30 13.37 12.93
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Table 4. Experimental design for preparation of hydrolysate from

croaker using Protamex and Flavourzyme

Enzyme: . ) Response
Rows Temp(C) | Time(min)

substrate Protamex | Flavourzyme
1 0.0095 60 30 28.28 16.71
2 0.0095 60 10 19.87 10.40
3 0.0095 30 10 10.62 3.58
4 0.0095 45 20 27.29 10.42
5) 0.1 60 20 47.72 29.21
6 0.1 45 10 42.44 25.33
7 0.0095 30 30 15.58 6.56
8 0.0095 45 20 28.32 11.43
9 0.1 30 20 30.92 17.05
10 0.005 30 20 11.32 3.11
11 0.005 45 10 14.75 59.35
12 0.005 45 30 23.61 8.28
13 0.005 60 20 24.09 9.83
14 0.0095 45 20 23.27 12.04
15 0.1 45 30 49.67 26.93
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a3 % 7
A& proteased 7t-EF EA4

ol "W JleidlsE e a4 wE9 gl A3 protease®Z F Y

fo

How 7k dg AFE3al 9+ Alcalase, Neutrase, Protamex %

Flavourzymes A®sto] &dze] A A weh &z pHolAM of
S gefstal, pH 55004 & @AS JAAA 4T o @
del s AT AH B4 w25 2487 fste] 24 w=d

Z} proteases®] B A S 40C, pH 7.09014 108 FoF &gL3to] =AH3A

U (Fig. 5).

3000
—l Alcalase /.
2500 [ —#&— Neutrase
% —O— Protamex
g g 2000 H—®— Flavourzyme
S5 ‘/ /A
S £ 1500
A=
= &
o=
e 5 1000 /A/A/k
N s /O
> /.
500 W

00
0 20 40 60 80 100 120

Dilution fold

Fig. 5. Changes of specific activities with protease concentration.

84 FE gAMo wE 7} proteased W|EA LS 1/1009] IA7FA] ZA
FE7F fadel wel Ao Aygoer Frlete AR JEyton, 34

g} v e =7} Alcalase’} 718 2 Aoz vErytth o] &

=
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o
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gud Bejzse] pH &4 AA pH B4%

o
rok
fol

& owrge

T 40C=2 HAAs9ew, pH =4S fst &5 A2 citrate phosphate

l

(pH 5.5-6.5), sodium phosphate (pH 7.0-8.0), Tris-HCl (8.0-9.0) %
glycine-NaOH (9.5-105)E A}-&3}3t}.

Alcalase®] ## pH:= 80 #0191 Ao yepytow pH 10.0 o] &elA
BAS FA3L A} THFig. 6). Hemoglobing 7] 2 & Anson
o wel A3k Alcalase?] A2 pH 59F 85 Alolol A 2o &4

S woltt: Rasts tha ol 7t 92 tH(Novo Nordisk, 1996).

k1
i
rlo
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Fig. 6. pH dependence of protease against recovered protein from

alkaline treatment.

Neutrase®] &% pH T3t pH &8-95 Protamex= pH 9 Y,
Flavourzymet= pH 55-1052] 3to] ZA pHol wgh oj&EA]o] AX] &
gt} o] 2 A= Neutrase 0.5 L, Protamex 1.5 MG % Flavouzyme
500 MG®] ## pH¥E #7 pH 7-10, pH 7-8, pH 55-75¢ Welgti H
agE A oA Aol E Holal UATE o] o] HA pHO Atol= A 9
Apolel 7]Qlek= Ao m FAHH

eF

&

il
?ste]  Alcalase, pH &80; Neutrase, pH 9.0; Protamex, pH 9.5;

B>

o] 2% oJFX Z} proteasesd +x oJEAS =AY

L:Oll

M
o

Flavourzyme, 75014 w8 2ol z2 A8 =AHslo] njgdAor FAG

A THFig. 7).
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Fig. 8. Changes of protease activities with reaction time.

n] 23}5ASS 53, protease?] FFol wel WkSA ko]l F7bgHo] uw)

g} v @A o] ey Hadte A Bas 71E wgo] o3 HF v

>

g0l 24 S vbes 238 Asfstr] Wi Aew FAHHE

Protease kinetics; 7t WhES 913 H Ao a4/714 9] vE AA st
71 913kl ZF protease?] HA ZAA HEE £ A (Km)ats 243
o= Zb2zE 1008) A3 Alcalase, Neutrase, Protamex %
Flavourzyme?] #¥tg&m 2o 7ZHzb y=00317x  + 0.0031(°=0.9997),
y=0.0408x + 0.0026(r*=0.9823), y=0.0905x + 0.0021(r*=0.9965) 2 y=0.0556x
+ 0.0109(r*=0.9885) 0] 1 2™, 7} protease®] Vmax9t Km 72 Table 59}
2 okth
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Table 5. Km for hydrolysis of recovered protein by alkaline treatment

at optimum condition

Optima Optima Vmax
Proteases . ) Km, mg
pH Temp, C | uM Tyr/min/mg
Alcalase 8.0 65 322.6 10.2
Neutrase 9.0 60 384.6 15.7
Protamex 9.5 60 476.2 43.1
Flavourzyme 75 55 91.74 51

rlo

HAo pH 2 &% X794 Vmax ¢ Km # 2 Protamex”’} 7} =

476.29F 43.1°1%1 31, Flavourzyme+ 74 w2 91.74¢} 519t} o5 2

—

=

proteaser= WX W&ol A AA T chymotrypsin 2 trypsing Al & 4l
gkl f A% % Vmaxet Km#ts WEW L Avk(s], 1993). o< 2
of wet ¢z AR g o dwd B Vs Es Alxse
#13Fe] Vmaxet Km gkel 7Fd =2 Protamex®t 714 2 Flavourzyme

o AEEg

=

%

bk 7 VteEEEe] Ve de vt Eel o8 AAEY] u
ol (Kristinsson and Rasco, 2000a), &Z# A& Z & 353 of S
Ao gigt 7t protease®] 7FEdllE SASAT 3¢ dd A4S A
2 ARgske] 1/100 Wi 81A1E 7} proteaseE FHA o] 2%eof pH Fzio|A
602 st ZhrEAdS W ke ARt wWE JheEs =S TNBSH
of wal =A3tH(Fig.. 9). o)Wl Alcalase®} Neutrased AA| &4 sha
2 499.30 mg/100 mL, Protamex® Flavourzymet: AA| A A ko] 221.76
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Fig. 9. Degree of hydrolysis against recovered protein by commercial

proteases.
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g EAF X

H2 pHY %o A 7} protease® 10% =<F 7} ek 34w 4 o

T

2% B ¥ = Hiload Superdex 200 prep column(1.6 x 60 cm)o 2 32l

3} tH(Table 6).

“

Table 6. Distribution of molecular weight of hydrolysate by Hiload

Superdex 200 prep grade column (1.6 x 60 cm)

Proteases Distribution of molecular weight(dalton)
Alcalase 325000(49.7), 12500(13.1), 7000(33.8)
Neutrase 169000(74.6), 8700(4.8)
Protamex 95000(69.9)

Flavourzyme 252000(56)

Parenthesis represents area % of chromatographic peak.

bR 54l TR wE AdEHE dude] EAgE W AolE H
oliL AU ©]= protease®] Tl wet 7]H ] FolAe] o]zt 317
el AoeRE Holm, SDS &HS A& SdE &8 myosin
heavy chain® #xF#2l °F 200k daltonS 43|l Exp#ko] &
<94 dids S5k S 7|l Aow FAHEY. e AR
zbeko] s EtE - AH 10k dalton ©]&F2] peptidee] #E&E A 27 “of &
bt =] Axe} 547NN AE & Aolth

AlcalaseE AF&-3to] 73] AZPER Z43 3|edwde] Fabsg &
EE Table 79 ¥Ad9 oW, chromatogram® W3S Fig. 109 e
ATH

- 156 -



Table 7. Change of molecular weight of Alcalase hydrolysate with

hydrolysis time by Hiload Superdex 200 prep grade column (1.6 x 60

cm)
Hydrolysis time, o )
. Distribution of molecular weight (dalton)

min

10 325000(49.7), 12500(13.1), 7000(33.6)
20 203000(35.8), 7000(13.6)

30 123000(33.0), 7000(12.7)

40 121000(35.4), 7000(10.9)

Parenthesis represents area % of chromatographic peak.
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Fig. 10-1. Chromatographic profile of Alcalase hydrolysates with
hydrolysis time. (A), 10 min; (B), 20 min; (C), 30 min, (D), 40 min.
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Fig. 10-2. Chromatographic profile of Alcalase hydrolysates with
hydrolysis time. (A), 10 min; (B), 20 min, (C), 30 min, (D), 40 min
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bt Algkel Srhgkel whel A 100k dalton¥} 7k daltone A2}
AasteE Aoz YErow, o529 polypeptidee] #allol ol EAFF

1k-3k dalton®] AZ2+ =deo] tF A= Aoz SAHATH(A 24).

2 %S FA 249 A
= 5-10%8} 20-30%9] i AAFRAEe AR Ee B

PN
T
B AE & 4 %ol el R B F& polypeptide5E 7

A 7] Wzl 7l vEEeS A7 flske] dwRbAQl 7tE WS A
3= 7 -$-(Benjakul and Morrissey, 1997), WAl o 2 <lslo] 7| 5Alo] WM

7Fsdel ok meEbd 2 el = pH, 7t 2k R ARbE WeR Tt

ZA3AT B4 Ao FFE 005 olstE HE =L Protamex? 7

$ pH 3, 55T, 1023} pH 3, 30T, 3522 YElg o pHe =% =
3 MES o4 4 AUTH(Fig. 11). Flavourzyme? 4% &4 A4 72l
%% 0.05°18tE YE= =32 pH 6.75, 80T, 60%; pH 3, 80T, 10%
2 pH 3, 55T, 1022 YES oW, Protamexets €2 pHAAl= € W
st o, 7tE x| F38] WS & AN (Fig. 12). o] 22 A
Z oA Protamex 7Frid9} Flavourzyme 7Fri3] WkS-o] F& 4o
%= A8d F A pH 3, 55T, 102& 8 FAE 94 2dom AHg3)

At
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protamex inhibition— Fit Least Squares

 Effect Screening

T D A o B T S R et SR B A T P

1g¢
Lenth PSE
t=Test Scale 1.8214023
Coded Scale 0.3661525 |
_Parameter Estimate Populaton
Tarm Original t Ratic Orthog Coded Orthog t Test  Prob>|t]
Intercept  0.684545  0.9586 0771733 3.8389 0.0028
pH 0.116825 1.5511 0.244102 1.2143 0.2501

I -0.015257 -1.6426 -0.329182 -1.8375  0.1298
,Jime 0002354 02083  0.041884 0.2083 08388

“Pareto Plot of Transformed Esiimates

Term  Orthog Estimate
temp -0.329181
pH 0.24410
Time 0.041883

Prediction Profiler

2.67636 - -

04204 |

Actig_.-:)ity

Fig. 11. Parameters estimate for inactivation of Protamex.
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protamex inhibition- Fit Least Squares

Rasponsenctwily e T
Effect Screening

|Using esti o.h
- Using estimates orthogonalized to be uncorrelated |

Lenth PSE

t-Test Scale 1.8214023

Coded Scale 0.3661525
_Parameter Estimate Population S
Term Original { Ratio Orthog Coded Orthog t Test  Prob>|t]
Intercept  0.684545  0.9586 0.771733 3.8389  0,0028
pH 0.116825  1.5511 0.244102 1.2143  0.2501

IEnEE -0.015257  -1.6426 -0.329182 -1.6375  0.1298
e 2354 02083 0041884 02083  0.8388

“barets Piol of Transformo Estimates

Term  Orthog Estimate
temp -0,3291819
pH 0.2441017
Time 0.0418838

Prediction Profiler

2.67636 - -

> ; | ;
E{} ??1 ?33 T ________i | “h'*». | ,_' ; 1
-0.4294 | i Lo

10.5

pH temp Time

Fig. 12. Parameters estimate for inactivation of Flavourzyme.
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Table 33} 4] A7 we} A8 A3+= Fig. 13, 14, 156 3 163 2t

croaker hydrolysis= Fit Least Squares

[ éééb&iéé ﬁ';',}'oz

SRR SR

Usmg estlmaies slandard|zed 1o have equal variances.
The parameter estimates have equal variances,
Lenth PSE
t-Test Scale 6.5106146
Cc—ded Scale 7.0546665

parama[e( Esﬁmate PBPUIath

=

Term Orlgsnal t Ratio Orihog Coded Orthog t TeSt.“"E'I;-{;b;]h
-7.966 -1.4416 26.51667 24.4717 <.0001
240.420 9.0496 9.80585 9.0496 <.0001
0.429 4,3404 4,7031 4.3404 0.0012
| 0.068 24819 26892 2.4819  0.0305
Parsto Plot of Estimates ‘
Term Estimate
E/S, mg/mg 240.41970
Temp, C 0.42933
Time, min 0.36825 j i
(Prediclonprofller 0 0 0 B |
: I
55.5304 . |
P : |
© P : |
L | |
£00.03888 | )
o L N T
9.1046 : ; i
I-r)l. 1 I i E| I - I I
e T 2 o O a =)
8 0006 5 ® 448 @ = 189 &
SE/S, mg/mg Temp, C Time, min

Fig. 13. Prediction profile to hydrolysis recovered protein from croaker

in the range of 20% hydrolysis degree.
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croaker hydrolysis= Fit Least Squares

...... g :
iUsing estimates standardized 1o have equal varja
The parameter estimates have equal variances.

Lenth PSE

t-Test Scale 8.8877921
Coded Scele 49080634 =~ = =
_Parameter Estimate Population
QOriginal t Ratic Orthog Coded Orthogt Test Frob>|t]
-9.401 -3.3378 13.08200 23.6853  <.0001
172176 12,7143 7.02242 12,7143 <0001
0.299 5.9252 3.27264 59252 <.0001
0173 2.2841 1.26159 2.2841 0.0432

A A D SO OO SERRR RO

Term
Intercept

Pareto Plot of Estimates

Term

E/S, mg/mg
Temp, C
Time, min

Estimate
172175683
0.29875
017275

eadietionBrgtier 0

29.21 1

341431

flavo urzyme

1.64157 1

I
0.0049 4

I
45

NS
@
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uy
o
<
o

E/S, mg/mg Temp, C Time, min

Fig. 14. Prediction profile to hydrolysis recovered protein from croaker

in the range of 8 % hydrolysis degree.
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Untitled 2-%Fit Least Sguares

ResponsePrutamex
_Eﬂect Sc:reaning

A R

At

i Using estimates. standardlzed to. have equal variances. ...

The parameter estimates have equal variances.
Lenth PSE

t-Test Scale 2.9889635

Codad Scala 2 0964081

.mete; Esumam Popum”on.._._....................................... i oo e

erm Criginal t Ratioc Orthog Coded Orthog t Test Prab>|t]
Intercept 3.61381 1.0103 12.14800 17.3201 <.000M
EEERIEE 74.78231  4.3487 3.05010 4.3487  0.0012
IENENEE 012758 1.9926 1.39761 1.9926 0.0717
Time, min 0, 01838 D 1913 0.13419 0.1913 0.8518

EZ.Pareto Plot of Estimates

Term Estimate
E/3, mg/mg 74.782310
Temp, C 0127583
Time, min 0.018375
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Fig. 15. Prediction profile to hydrolysis recovered protein from Jack

mackerel in the range of 17 % hydrolysis degree.
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Untitled 2- Fit Least Squares

Effect Screening -
9. equal variances ...
The parameter estimates have equal variances,
Lenth PSE
t-Test Scale 4.2499245
Coded Sca_te 2.'23.8816. . .
Parameter Estimate Population : : : i
Term Original t Ratio Orthog Coded Orthog t Test  Prob>|tl
Intercept -2,2737 -0.B464 7.732000 14,6776 <.0001
EENNEIEEl  67.8927 5.2566 2.769098 5.2566  0.0003

EEEENEE 0.1362 28333 1.492544 28333 0.0163
Time, min 0.0836  1,1593 0610711 1.1593  0.2709
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Fig. 16. Prediction profile to hydrolysis recovered protein from Jack

mackerel in the range of 5 % hydrolysis degree.
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dl=2] TCA soluble index+= Zt7} 50.0% 9} 37.4%= WEFE

Table 1. Moisture content, crude protein and TCA soluble index of

partial hydrolysates.

Moisture, | Total nitrogen, | Crude Ash. |Soluble protein,
Hydrolysate
% % % g/100g
Protamex
) 6.2 13.74 4.6 18.2
Residue
Protamex
5.9 13.67 5.6 46.7
Supernatant
Flavourzyme
_ 5.3 13.43 3.3 12.2
Residue
Flavourzyme
5.1 12.91 49 42.0
Supernatant

Hlsle] ZF& Ao 7 eyt o] & A Protamexd 7bFFEs|=7f
=71 Wit A 10k dalton olske] =& 5o Wol AGHAY] wWEe
2 FAEAY. Tris ¢5AE AH&shE= SDS-PAGEZ+ 4= 10k dalton
o] 3}2] peptideE HE o 4 {17] wjF-ol(Bollag, 1996) 10k dalton ©]3}ol
Al sl g3k peptideso A £XE FQlstr] fdte] A Azw}

By s AREsSi
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Croaker Jack mackerel

Fig. 1. SDS-PAGE pattern of recovered protein and partial hydrolysate.
Left to right; wide range marker protein, unhydrolysates , residue of
hydrolysate (Protamex, 1/100), supernatant of hydrolysates (Protamex),
residue of hydrolysate (Flavourzyme, 1/215), hydrolysate
(Flavourzyme), supernatant of hydrolysate (Protamex), supernatant of
hydrolysate (Flavourzyme), unhydrolysate, residues of hydrolysate
(Protamex), supernatant of hydrolysate (Protamex), residue of
hydrolysate (Flavourzyme), supernatant of hydrolysate (Flavourzyme),

supernatant of (Protamex), supernatant of (Flavourzyme)

Gel chromatogram®] & E|;, 2= 10k dalton ©|3}ol] 3] 43l peptide

o BAY ¥

2 shalslr] ¢8te] Hiload Superdex 30 prep grade

ke
[}
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column (16 x 60 cm)E AF&3}9 Protamex®} Flavourzyme? 45 &S

A o] st (Fig. 2).

(B)

Fig. 2. Gel chromatogram in supernatant of hydrolysates by Protamex

and Flavourzyme.
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Fig. 3. Effect of NaCl on solubilities of partial hydrolysates. F,
Flavourzyme; P, Protamex; S, supernatant of hydrolysate; P, residue of

hydrolysates.
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Fig. 5. Emulsion capacity of hydroysates and non—-mucle proteins at
pH 6.0. FB, Flavourzyme supernatant; PB, Protamex supernatant; FP,
Flavourzyme residues; PP, Protamex supernatant; E, egg white powder;

P, bovine plasma protein; S, soy protein concentrate; W, whey protein.
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Fig. 6. Emulsion stability of hydrolysates and non-muscle proteins at

pH 6.0 after 20 min. The abbreviations were the same as Fig. b.
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Fig. 7. Emulsion stability of partial hydrolysate with lapsed time. The

abbreviations were the same as Fig. b.

40.0 I

35.0 ?\
30.0

P
2z
3 20.0
®© 7—O—E
» 15.0 O—p

10.0 ——©0—S

—_—Ww
5.0
OO 1 1 1 1 1
0 20 40 60 80 100 120

Lapsed time after emulsion, hr

Fig. 7. Emulsion stability of non-muscle protein with lapsed time. The

abbreviations were the same as Fig. b.
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Fig. 8. Rehydration capacities of partial hydrolysates and non—-muscle

protein. The abbreviations were the same as Fig. 5.
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Fig. 9. Fat binding capacities of partial hydrolysates and non-muscle

protein. The abbreviations were the same as Fig. 5.
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Fig. 5. Color of heat-induced gel of recovered protein from small

of 2% NaCl, 49 potato starch and 5% bovine plasma protein.

(Park, 2000).
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Fot7] sl AbeRknt

TABAY ¥ 52 4 AF

(Park, 2002).

lo
2
o3t
2
o
ox
o
o

Water—g/protein—g

Sample

Fig. 6. Water-holding capacities of products, The abbreviations were

the same as Fig. b.

lo
fl

HCI# NaOHE tiAE & d+ pH 284S AT 53
citric acid, sodium phosphate % calcium oxideE == FH7}sto] o)
Aol g3z "AE &S HAEIYT Citric acidi= 5 mM H7F Al
pH 556014 %7} =7t S7kstel we} pH 7H4ske] 100 mMelA pH
3.032 e AL, sodium phosphate®} calcium oxide: w %7} S7}3H
w2} pHE S7bete] 50 mM s %ol pH #S Z+2F 11.45¢F 10.070] et
(Fig. 7).
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14 1 Ocitic acid
12 1+ O sodium phosphate
E calcium oxide

| ](I( [

5 50 100
Concentration, mM

pH

o N B~ O

Fig. 7. pH of citric acid, sodium phosphate and calcium oxide with

minced muscle.

Citric acid:= #H7F =7} Z718to] wel g do] geal=% F7}1381o]
100 mMoll A @A 5% = 1547 mg/mLol A th. Sodium phosphate & A|
FE7F S Sl wet dwld gE=rt SUbske Ae® yEhwtou, 25
mMell A el Rt 7] Frkste] o] Fee HIbERTF S
FE sy Hadtes 4% e AATHFig. 8). o Z2 A=
sodium phosphate %7} S71gdl wel o] E% F7kstr7] wiieel A
o ® FAH Park (2003a)= ¢#Ze pHelA @@ do]l §ajd wf o] 27

2o Z7he wudel galEE 98y FaAATn wasar
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(@]

Protein, mg/m
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Concentration, mMvl

o

Fig. 8. Protein solubility of minced muscle in citric acid, sodium

phosphate(tribasic) and calcium oxide.

Calcium oxide GAl H7} 57t S7kgtel whel dide] fajee 7}
stlot, 100 mM H7F Al e o]l st dds Bt Citric acid
9} sodium phosphate(tribasic)= 2t7F 2% = HCI¥ NaOHE tiAT
AA T ] citric acide #EAQ WAl 2 FFE "HSH, sodium
phosphatex 719 & 1 g 9 2F 0.09 go] #E3sh= Aoz YERY 2]E ¢
AMge 38 717d 09% e WHFA AT 38 7|E AL dXFge=

A g NFES 238 HsAel Mg 2 Aow

-
o
v
o

- 213 -



el AW FFol WAL CaCldl FF
85 wulde] Ted AL A GASS @27 Wl o gy
A% #5stE Fol AASE Aol Erh npebA

fd5t= G0l CaClhe H7bsle] A=do] Bests x| Ao ks =

o
rot
iin
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o1
8
=
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i,
X
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Q
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il
il
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N
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>,
Ho
ol
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ke
ot
)
o
ofl
ol
o,

AL BgAA AAZ & A (Fig. 9).
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Fig. 9. Effect of CaCl: on separation of fish muscle.

S
n
lo

DR, 3L P L FGH HreTH

de] Aol o7 off @Al 34 T4 T pH 55004 o5 o
Ao AAY F usHs e ndE, 24 9F 2 3 a2

-
of%
o
B\
o2

ato] Akl Fyn Az Foll FEH= dHaok st

(Table 1).
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Table 1. Solid, total nitrogen (total -N) and chemical oxygen

demand(COD) of waste water from alkali-treated pilot plant

p ) Solid Total nitrogen COD
rocessin
i (g/L) (mg/L) (mg/L)
Pilot processing 1.12+0.06 470+20 12.06+0.00
Conventional
. D 0.15+0.01 999+318 1897.3£16.2
processing

1) Conventional processing was peformed in laboratory scale.

AP FRZ PPl whek AR SR DFE FFE pilot 2
Istel 1/10 A% WarAW, Ak FUI} H8H AhaTFE 47 of 2

Hj ek 150u) A el gA ol A A vkl Ha AR 2ot ds

TS Adsdn. ATk A FAELS S sgEelH,
2 A

Qo] 714 e 1000-7000 ppmol i, Hole} WE A8S Apgat
= ol AAE AZAYAE 100-5000 ppme] HFE WEshe] oA A
A, A 2 ogs B4 Fo g H3e H4rl EHE QS & 5

AT 5, 20000). o] 22 wael ARAQ HlaE A oy G
_/rt
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—n
-z
)

a7y FAE ol&sto]l YA AERE AFS I8ty 9,

WHES AAT AAE FeF2 A &S meat grinder® 23] w4
=]

2
ol
2

offt
e
R N o

Aol =2 3000 rpmoll A 5&

()
o

%
Ae BT § oY g0 pH 1102 xdskdch &3 &
Z]

712 7500 pmel A ARl g3 waL

oy

M
SR GO )
-
B

52 FHste] AAEMAS 7500 rpme] A2 UA

oft
4

5
3]tk Pilot plant ¥4 o2 353 o8 wde] 358
= AR S o dojAet npaf S digte] 2H2F 26.2%9F 55.1%°]
on, da IFEL 717F 239% 2 475%th 7t Ao ¥ e}
o e TSk 78% A Z+zt 2244 g¥ 7.46 mm$%l o, 2% 9S
7FAE o A F = oF 128 AR, 4% AAAEH 5% & F

Y eES EI Ag A= Wd g2 1794 g¥ 564 mmzA

E 2

(

il

4 31 Pacific whiting FA® 2wl 2% o 7}
of ottt 2eal WAl Baee 3wy o
H7F A& 2 & aid HoE 7k A Alolol {Fo] Al Aol Ko
A ekkty. pH ZAAA| 2 A citric acid, sodium phosphate % calcium
oxidex= pH =& Z¥= oy, sgdwide] 7td 4 E45 S5A]Y
A F3E7] Wi 4% F HCI¥ NaOHE djAlst 4= gl Aoz YEhyt
o el Aol o off WA 3¢ A FA FA Hst

Aol o9 RetFes dA4s #FaAd 5 9l
ZaEd

AOAC. 1990. Official methods of analysis. 15th ed. Washington, D.C.,

Association of Official Analytical Chemist. p 937.
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Kocher PN, Foegeding EA. Microcentrifuge-based method for measuring
water—holding of protein gels. J Food Sci 58: 1040-1046.

Ladisch MR. 2001. Sedimentaion, centrifugation, and filtration. In
Bioseparations engineering: Principles, practice, and economics.
MR Ladisch, ed, Wiley-Interscience, New York, p 16-51.

Park JW. 1995. Suirmi gel colors as affected by moisture content and
physical conditions. J Food Sci 60: 15-18.

Park JW. 2000. Ingredient technology and formulation development. In
Surimi and surimi seafood. JW Park, ed, Marcel Dekker, New
York, p 343-391.

Park JD, Yoon S-S, Jung CH, Cho MS, Choi Y]J. 2003a. Effect of
sarcoplasmic protein and NaCl on heating gel from fish muscle
surimi prepared by acid and alkaline processing. J Korean Soc
Food Sci Nutr 32: 567-573.

Park JD, Jung CH, Kim J-S, Cho DM, Cho MS, Choi Y]J. 2003a. Surimi
processing using acid and alkali solubilization of fish muscle
protein. J Korean Soc Food Sci Nutr, 32: 400-405.

Umemoto. 1996. A modified methods for estimation fish muscle protein
by Biuret method. Nippon Suisan Gakkaishi 32: 427-435.

HPe. AEA. A% 1995, Aol dAERAE A& p
1043-1053

U 2 Al 0B TAT oA 2000, SEFAIEE S EHAL

ol
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Fenle] A2 ofF Fasit. dFF Hl&o] w2 MAS ofFQl =
9] myoglobin®} hemoglobin®] 32 6 mg/100geldl ¥tslo] 5o A5
890-980 mg/100g=A dA38] =a(Hy A, 1994), v Ax A4
T A Aol oelf GHs] AAEA F7] Wil FEES v R
A G ol 72 TE v AT HEE WS ofFR

WA o] Hlsle] ¥ A3 W o] X th(Shimizu et al., 1992). o] myoglobin ]
TAMLE sEe Foll wel o7t JARE aFo] 59, FojY 58, wrhE

rlo

o Gz §dolA mhd o&& &3leta, olf iAo &=t

50-5504 faldMAS st =R o5 duld 3

T FAo] 2/MEAHChoi et al, 2002; Park et al, 2003a). o] &4 o=

3lagk g A ofFo wel A Aol o, 7t A B4 #E

FA FFElvlef vlaste] EAo] ¢lg W vk ol 34 @HEe] F&S
3]

971908 ARSAT, 9& AhA golw hd AL FYsHE 5L

(<

B At (Park et al, 2003a; Park et al, 2003b). L]t} o] FAHLE o] S
3li= myoglobin¥} hemoglobine] &Z-2] A2 Aol o5 uida} 3F
o &afatal, pH 5.0-55% xHdste] 3dt= AAoA o5 gy

of PAste] AT Wb o] BHOE 4w wude] wWARE >
A EE Az FHoR 0548 gudd vate] e w4 AUm 9
7] W&ol (Choi et al, 2003) thaFat AFol A7ty dalns WAEE

- 218 -



AdE Bast Ao
A FHE B AT A4S FA A%, FA AL R S F

7IA A AS A A Y (Lin and Park, 1997, Park et al. 1997), <28 4=
Mt 9% A7 (Chen et al, 1997; Jiang et al., 1998) % air-flotation <Al
(Chen, 2002)& &3l @45 A=stavh. 2y dzbe] Aol o o

4 85 TAS AARY WA TFs: Qo) g B g5 Aol

e 2 B
A5
WE AL RATE AN PSSl APAR EWET SR

grinderol] 4 WA 2 v}adt Ko 10%2] sorbitolS WEWA HAAZ H
7bste] —20C 9] 41 HastWA A5E A&t

24 33

°F 50ge] Algel 9wFe] THFE H7bE ¥ Ultra Trrux(IKA T25
basic, IKA Works Inc, Wilmington, NC)= 8000 rpmol] 4] 30% &<t v}
3t 1 N NaOH= pHE 11.00%2 ZA3t7] A3 Fo air blower® 0, 5,
10, 15, 20 2 30 & &< F7]E Eo] Ho F
of AL ¥ YAE#00,000 x g, 20i) sFTh dAEE F 5 AT

e 1 N HCIZ pH 50-55%2 FAsti AAE2(10,000 x g, 20%)3}]



AAF A F5sdnh H58 BuAe 199 sebaz AX ok

o}
o &5 AU A2 43 myoglobin FE& A% AEE ARSI

FTE HU7ete FESES dAEE 7N AAE SA A
34 duwlde] 7 g Hogd 8 SAHAFED-600, Kett Electric
Laboratory, Tokyo, Japan)® A3l o F&& ofefjo Aoz AAkst
AT

TE(%)= 3 @ude] ngE dF/AIRC] 1= FF x 100

7tE Ao A

Pilot plant® 343 ol w¥de dFE3 @& un=7 4xa
Stephan cutter/mixer(Model UMC 5, Universal Machine Inc, Hameln,
Germany)® A &ol A 2%, L&A 3&E =Fent. EFES HE ¥
Yol AFELA7](Food Saver Ultra, Tilia International Inc, China)® 7]
= A At A2MA F27](Sausage Maker, Buffalo Co., New York, NY,
USA)E AH&3te] Hd tube(1.9 x 20 cm)oll FX 8 & 90T 2] FZof A
158 &< 7Fdetal, 153 &<t 0T d5=A ¥4

H A A FAge Rt AL

=

ol
=
£

off
=
paii
1%
o
o3

Ao &4
CIE Lab color= A x}A(ZE-2000, Nippon Denshoku, Tokyo, Japan)2
2 ZA3g . AAAE ¥+ plate® 1L=96.83, a= -0.36, b=0.62% X3}
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st om WA= [-3hE AAks 9l th(Park, 1994).

i

24 &3
Okada®] W (1964)0 wa} A&y o] 71 A(20 x 20 cm)$l o A
¥ 5 mm¥ F3F plungerg F#sta 60 mm/mine £EE S WA

rheometer(Model CR-100D, Sun Scientific Co., Tokyo, Japan)® 337 =

(¥ ¥E FmmE FH3ATh

Myoglobing #4]
72 vk S-3 3 4 @A o] myoglobine Chen®] W (2002) 0.2 F3
3tk = A& 5 gol 15 mLe 0.01 M phosphate ¢+ (pH 6.3) 713}

31 tissue homogenizer® 8000 rpmol A 20% &<t w43} th. myoglobin

S FE57] 8 dZES 4ToA 1217 A & G4F21(7,000 x g,
30%)38kd Tt ZHALe]l 10 mL e phosphate €& NS 718to] 72e& wo g
myoglobing F&3l31 AT AS BEF Rol 25 mL=Z A& g&st

4N E @2 Whatman No. 44 o1 3#], 0.20 um® membrane filterel] A
ABsth oA FHEE FFFE=A(Herios)Z 525 nm, 572 nm %
700 nmollA  z+z} ste] ofEfje] e mE} myoglobin T, %t

myoglobin % met myoglobin®] %S AAH3FA vH(Krzywick, 1979).

w)\
o

2

Mb(mg/g)=(Ass - Azo) x 2.303 x dilution factor
RMb(%)=(Mb in recovered protein/Mb in minced muscle) x 100
metMb(%)= [1.395-((Aszz ~Az00)/(Aszs—Az00)) ] x 100

pH ¥ 714 WA
Myoglobin #41& 3] A x3 A& &4 1 mLel &= (pH 20,

~
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Clark and Lubs; pH 3.0-7.0, Mcllvaine, pH 7.0-8.0, Sorensen; pH
8.0-10.5) 1 mLE 7}sle] 30 &<t AZelA wAgk & A4l2](3000xg,
15@)ste] JHES A7t FFE=E S48t myoglobin® =& 7
AT myoglobine] WA WA= &%
30-80TC 9] 2% FitollA 10T Aoz 108 &<t 7tE 3 5 FA 4%
EolA Wyzhsla 9AEE(3,000xg, 158)3t] HAES AAS e &%

At

Lo

dFe AE &9 1 mLE

L5 A5t o] myoglobin® &S 43

a3 2 1%

Myoglobin®| ®] X+ pHS <&

7219k 1150 H5Z& 8o ¥3% myoglobin® #FHS z}z; 1.44+0.01
mg/g-muscle®} 2.00£0.03 g/g-muscle® 159 <] th#E2] myoglobine]
Ao, metst &2 77t 79.3+0.99F 88.1+£12% = A 1150 S92 metst
7 A ol mleto] okt

Sodium phosphate(pH 6.3)2 %73+ crude myoglobin®] 22 H|&9] 7zt

pHell sjldsls S2HS Hrlslo] 308 B Wx3 & AA R ste] A
A Foll= myoglobin FHFE SAHSFAG(Fig. 1). Z4A He

myoglobing pH 5-6Atololl A HAZEE A ¢kokow 15 o= pH 6-7AFo] ol

a1
sEG (A A, 1994). Myoglobin®] Al A &&(MRE)IIA = & = d%9]
(Fig. 2) pH 605264 MREZ 714 wo Aoz e 249 =

= pH 6.02% A stoZA myoglobing |A AAT &+ S U

T AT 2y Y A F ofF dMES HAAA Faetr] 96
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§ @] S 22 pH 55 FolA AEsfor 7] wol
of & ©ul ZFo X3 myoglobink® A HAE IFEo] 3¢ o

iAol AT = F2 myoglobind] 23 F7lslE AoRE FAHEU

—O—croaker
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- (e}
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Fig. 1. Myoglobin content after adjusting indicated pH of extracted

myoglobin using sodium phosphate buffer pH.

140

120

100 |
S —O—croaker
m v —&— mackerel
S 60

40

20

0 ‘

0 2 4 6 8 10 12
pH

Fig. 2. Myoglobin removing efficiency (MRE%) with pH.

- 223 -



Mbell "= 714 259 IF

pH 29} 11914 myoglobin®] 3r&Fd 2Xkof JFS Aol x| &&=

P
o

b
i
o
v
o
X
o
T
(@
r
D
o
@)
o
B
(@)
o
3
2
>
N
N
o
Hir
r 0
=
<
@]
.
o
.
=)
%
o

& Hola Stk o] #Ze] pH

o

4
lo
oL
Ho
=
o)
8
<t
o
®
o
Q.
=]
o
o
ol
o
rlo
k1

(

3

[0
o
g3
rr
N,

67—0—pH2 *
—=—pH 5 /

g —{—pH 11 / \
- 4
C
5 [
o 3
[@)]
¢ R\
>
=

\

0 10 20 30 40 50 60 70 80 90
Temperature, C

Fig. 3. Effect of heating temperature on mackerel myoglobin in

indicated pH.

gk 7242 % 50 gell 9w el S RE 7hste] 8000 rpmel A 30%

Qb mhaf kil air-blower® 5, 10, 15, 20 ¥ 30& &< 3718 B9 &
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sk tH(Fig. 5). Wt o= A9 $2]v] 9
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of we} CIE a* (
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Fig. 5. Effect of moisture content of recovered protein on lightness.
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Fig. 6. Effect of moisture content of recovered protein on Lab color(a*

and b*) and whiteness

Air flotation®] 3|4 ©¥j @ 2] Ao n = F¢

pHE 11002 zdsr] Ao 3712 Zojde 4% 35 dudel 4

< T7E =
S BolA ggoy
& S A

w2 Al Zbel #AIGle]l R g Ao fo] Al Ao
, (p>0.05), FAEE 102714 ZAsA T o] T o}

I (Fig. 7).
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Fig. 7. CIE color (L, a* and b*) of recovered protein (pH 5.5) from

croaker with time of air flotation before adjustment of pH 11.
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Fig. 8. Whiteness of recovered protein (pH 5.5) from croaker with time

of air flotation before adjustment of pH 11.
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Fig. 9. CIE color (L*, a* and b*) of recovered protein (pH 5.5) from

croaker with time of air flotation after adjustment of pH 11.
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Fig. 10. Whiteness of recovered protein (pH 5.5) from croaker with time

of air flotation after adjustment of pH 11.
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Table 1. Breaking force, deformation and whiteness of heat-induced of

recovery protein from air-flotation before and after adjustment of pH 11
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#3k(Anon, 1967), A& 22 543 7%
A EAL 7z auld ol Aak(Aymard 5, 1978)° A &38ta Utk A F
g o] zbe] Ael= da B v dg ofbn 4kl shehA A o] Rl
4+ 9o ( Whitaker and Feeney, 1977), &Z2] # g & lysinoalanine
(LAL)ol2} &8+ 7l dZ%  Ne(DL-2-amino-2-carboxyethyl)-L-
lysine®] XS FE3HcH(Bohak, 1964). LALS] Ao gt dfd o
A R A cystine?d] gEFAl AA o] ESH, H XA oA LAL
o] AL lysine, cystine 2 threonined +£23 A¥o] driar &tk
(Savoie and Parent, 1983). f& LALES AAoA FZFuAw o] &3
7] wEol guwlEe] 4deS AT B4 opuwite] FaAS
Al ZItH(Damodaran, 1996). 100 ppme] <=3+ LAL 52 3000 ppme
W]  Asgsd LALS  Ho]3 rati= nephrocytomegalyS X o] A gk
(Woodard and Alvarez, 1967, Woodard and Short, 1973) rat®} thAMEZ

of Fejo ztol7b d= TEAAE AFHA i, AFd EFE FE
stekyl gl Ayl Asket LALS 27 Al nephrotoxicity o] @<lo] XA
2 = tH(Damodaran, 1996). Miller 5(1983)<> pH 103 o155 90Tl A 60
I <t 7ol LALS HE9A &om, pH 129 13914 FAIZF 7F
Ao LALel &5 7] witel A7 A4 LALY d42 A7}
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o 30ge Almell 9wiFe FHRFE H7FE § Ultra Trrux(IKA T25
basic, IKA Works Inc, Wilmington, NC)Z 8000 rpmol A 30% &<t v}z
3ta2 1 N NaOH=Z pHE 11.082 %43l 1, 3, 5, 10 AZF 4T A4
ANA WA g F Zb7E A4 (10,000 x g, 20+5)3ke] 3Gt S A

N HCIZ pH 50-55= =4dsta 448 (10,000 x g, 20-+)ske] g
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A S 3Rt 3 dwd e 0.1 N NaOHE pH 7.0-75% *
st LAL A4S 3 Alg2 A&t a2l 719 AgE 938 34
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A 7td ®+ Wi (Lanier &, 1991)< Farsto]l 90CelA 15+, 30+, 14

702 AT AL FLAL BAL 9@ AR A8a9)

e
e
i)
N2
N
e
Y
i)
rok
ot
-
L
1=
i

S acetone®.® A1 A2 (3000
x g, 16@)et= 245 23] whEsto] g4stal, 60T dA71&>7]A &t
R Az, Ax3 A8E mortarZ 2 vRadE U, 10 mge A E
3] gold AE (13 x 250 mm)oll ¥ 6 N HCI 1 mLE 7138l €738
AA B v, 110TColA 2442 ZheEafistdnh. 7hrase &S

3G-4 glass filter® o33} 60ColA #Y 5=3 3 0.01 N HCI= 10
mLE &3 020 um® membrane filter® o] ¥3}o] 20 ulLE ofv] =AF

e

AbE A7 Fheknh obr AR #2412 Biochrom o} k=4t AbE
24 7](Cambridge, UK)2 Fastlon, Ay= 34 dmld g 7 2t oy
wakel g2 FAE Y LAL A%S 918 02 M Ne-DL-(2-amino-2-
carboxyethyl)-L-lysine dihydrochloride(Sigma A1170, approx. 95%)¢] 3%
TEds T 2HOR opvdt AHg A7)l 40 uL(8.0 nM &)
F9l3}o] retention timeS FlsFATh. ofn-ate] 3488 AAEHY] 9

3 ofn =4t A AFEek AlR e FAA TS semi-micro Kjeldahl™ o

SDS-polyacrylamide gel A7 9%

Adzke] 2 7 A 34 A 1 gol 9 mLe 5% sodium dodecyl
sulfate (SDS) €945 H7}ste] Bio homogenizer(M 133/1281-0, Biospec
products Inc, Bartlesville, OK, USA)Z 8000 rpmeol A 20% &<t #4353}
3L 80T 9 d2FolA 307 Ft EEFHA ZHESAIZ T &g T
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G Tt = e LALE A=sh7] 918 AFES ¢ F LALS
AzvtE WS Fig. 13 2tk LALY peak: obv] w4t A S 93 3+
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Fig. 1. Chromatogram of lysmoalanme(LAL) standard in auto

amino acid analyzer.

T4 obr At EA S #3187 oAt FFEH Y] ARvEIY A
= phe¥} his Afolo] o]JW peak®= EAstA] Fow HE A= A3
2ol & zb7] wjitol] ZheRaEel e wE obn =4tk

A #o] 7H53Fth Raymond (1980)+= LALT} AgHsk chwlz oAb 7h4=
ol ol FelEo] 1o cation ¥ ZHe Aol A sodium citrate ¢
Hog 3t ninhydrin ¥H-gS &3l HET 5 7] wio AF @
Ao A= LALS AZFe oAt 2Abs #4712 7hssiohal skt of
9o LAL &4 vA= 719 3 &2y Ag g3E JES7] Slal of
& 6 N HCIZ 110TCelAM 2423t 7heafste] ofvweit Apg4 72
At om (Miller %, 1983), Svoie and Parent (1983)& A4 ¢} tfF

Ho

_l[)l'

gl AS 0.2% 3-2-aminoethyl indoleS ¥ 3+3t= 4 N methanesulfonic
acid® 110TCol A 2417t 7bEa3te] olm| it 2% EA 7|2 LALE A
2ty gl LALS  gAak sFEEEe] 98] REalE A et
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(Friedman et al., 1981; 1984).

dzE] 3o FAAGH AN LALY FA H A= 93
Wzx7)ef 4% S g T4 (Park 5, 2003) 0.2 343 o] & oyl
S obF At Ay AV E A8 tH(Table
D. <53 &g 3¢ dWdo|A LALS AE5A %o, LALS 3
HEo] ZFAaslsE ot Ato 2 2% threonine, serine, arginine %
lysine (Miller 5, 1983)¢] staFw & vl zy} AdZbg] 3|5 Gz Ajol
of A9l Afol7} gl= Aol mFo] & AFoA ALEE Gz A THS

LALS AAstA o= Ao= 44

Table 1. Amino acid composition of muscle and alkaline recovery
protein from white croaker and small croaker
(Unit: g/100g-sample)

Amino acid Muscle Recovery protein
White croaker|Small croaker |White croaker|Small croaker

Asp 8.96 9.41 11.59 10.14
Thr 4.70 4.43 541 4.44
Ser 4.08 417 4.64 4.09
Glu 13.61 15.18 17.62 15.26
Pro 0.17 - 0.20 -
Gly 3.28 4.67 3.82 2.63
Ala 5.39 5.46 6.02 3.89
Cys 1.40 1.75 1.50 1.92
Val 5.43 5.44 6.54 5.04
Met 2.46 2.64 3.08 3.38
Ile 4.61 4.18 2.64 4.59
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Leu 7.90 7.73 9.11 8.17
Try 4.06 3.22 4.25 3.66
Phe 3.91 3.10 4.02 3.02
His 0.75 0.68 0.89 0.70
Lys 9.44 9.29 10.64 9.48
ammonia 7.14 12.67 9.22 12.83
Arg 3.52 5.43 6.22 8.18
LAL - - : :
Total 91.93 99.44 107.41 101.43
g/100
o sample 83.31 94.19 95.94 90.06
Recovery (%) 110.3 105.6 112.0 1126
gz A Alzre] LAL Ao v X+ 9

o oA &3 FAPA AL = &ZEl (pH 11.0) * g AlZte]
LALS] @4el WAL A 249 A9 (Table 2, 93§32 93]
pH 11.0e14 1 AI%F 3 AZH 5 A7 59

g FHAIQIY diF @l de] LAL 34 7Y =571 S7Hs wet A9
Agog F7tsts Ao R UeEs oY (Friedman et al, 1981; 1984), o5
< pH 10.0¢14 Hglstar 90Tl A 60 &< 7F43S wl LALel 3=
A kgt Ha(Miller et al, 1983)e] | Fo] LALS A =2 vl g o]
ZFo] ot zo]EF Holx= AHow FAHHAU Friedman et al(1981)3
Liener (1994)= LAL® ¥/l FaFs vA= JAAEE pH, &2 A
AlZE} 7t ek ooty d A e] FR e Hofditial B askglh
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Table 2. Amino acid composition of recovered protein from small
croaker after treating in pH 11 during 1, 2, 5 and 9 hrs
(Unit: g/100 g-sample)

Amino acid 1 hr 3 hr 5 hr 9 hr
Asp 9.99 10.36 9.16 9.48
Thr 4.98 4.88 4.20 4.76
Ser 4.47 447 4.04 4.38
Glu 16.19 16.10 14.14 14.88
Pro - - - 0.07
Gly 3.45 3.64 3.07 3.22
Ala 5.55 5.56 4.50 5.04
Cys 1.12 1.10 1.15 0.74
Val 5.45 5.67 472 4.96
Met 2.78 2.98 3.13 3.97
Ile 493 4.78 3.80 4.40
Leu 8.69 8.47 7.16 797
Tyr 4.31 412 3.65 3.80
Phe 4.36 4.16 3.55 3.69
His 0.85 0.78 0.64 0.81
Lys 9.55 9.32 7.98 8.69

ammonia 7.14 8.70 14.43 6.56
Arg 6.38 5.66 454 6.02
LAL - - - -
Total 100.21 100.73 93.88 93.03
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90.69 89.69 87.63 86.88
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Recovery (%) 1105 112.3 107.1 107.1
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Table 3. Amino acid composition of recovered protein cooked at 90C
after treating in pH 11 for 3 hrs
(Unit: g/100 g-sample)

Amino acid 20 min 30 min 45 min 70 min
Asp 9.30 9.41 9.74 9.47
Thr 4.65 4.25 4.43 4.46
Ser 4.23 3.84 4.09 4.26
Glu 14.53 14.52 14.60 15.09
Pro 0.46 - - 0.07
Gly 31.9 2.95 3.21 3.26
Ala 5.27 4.57 4.89 4.93
Cys 1.19 1.21 0.83 0.87
Val 5.32 5.12 4.84 4.89
Met 3.83 3.21 3.33 3.63
Ile 4.74 4.39 4.19 4.15
Leu 8.26 7.75 7.80 7.75
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Tyr 4.13 3.83 3.89 3.44
Phe 4.01 3.53 3.69 3.37
His 0.80 0.74 0.68 0.73
Lys 3.69 8.80 8.53 8.49
ammonia 6.59 8.56 9.45 10.49
Arg 5.88 5.75 5.30 511
LAL - - - -
Total 95.06 92.43 93.52 94.46
g/100
g sample 85.88 86.56 85.75 84.88
Recovery(%) 110.7 106.8 109.1 111.3
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M Mf Sar 1 3 5) 9 20 30 45 70

Fig. 2. SDS-PAGE profile of recovered protein with pH treatment and
cooking time. M, wide range marker protein, Mf, myofibrillar protein;
Sar, sarcoplasmic protein, 1, 1 hr in pH 11; 3, 3 hr in pH 11; 5, 5 hr in
pH 11; 9, 9 hr in pH 11; 20, cooked for 20 min; 30, cooked for 30 min,
45, cooked for 45 min; 70, cooked for 70 min. The capped stainless
steel tube (2.0 x 20 cm) stuffed recovery protein was used for

cooking.

Undeland et al.(2002)2 2Hd ZZA(pH 274 £33 ojeo] oz o
AELS A2dM AAsts s 294/ dide] B35 Bon} &7

ol Aol yEhA Fdrhal ¥t

gl

g #4d=(pH 10.8)2 7Fi-3l
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adZE AYg F 7ME AP A7 LALZA HAE IF
dEE A=EH 1102 o @Nds &3l = 7t A AV
LALS Al mA= 93-S dEsH7] flste] pH 5008 Hdste] of%
G Ads eyl A Fo] 90Tl 1A 7HE A2 PEs wl LALS
g oA ofs @ ds §efA 7L o
oA Zhdsts Aol AwE AR, dzbeloq A AJFko] 244 %)
ol 66A7te. 2 F7}ske] uwhE}l 201 mg/100g-sampleol] Al 229 mg/100g
-sample® ZF7}et= AS 2 YESTHTable 4). o] #& ZAye @uid o

dze] Aol o] 7+ AY x3o] LAL Aol 7]oFE 53t 17
H

WAS et pH 5504 A Buds

3l 7t Aefsts gAoNAE LALYl 4% A $&S 5. webA &

- 245 -



Table 4. Amino acid composition of recovered protein with heating step
after 24 hr and 66 hr of alakline trement(pH 11.0)
(Unit: g/100 g—-sample)

Amino After 24 hr After 66 hr
acid A B C D E F
Asp 9.62 10.50 9.13 10.45 9.83 9.25
Thr 4.80 5.10 4.39 5.14 4.84 4.45
Ser 4.72 4.82 4.15 4.80 457 4.23
Glu 15.42 16.45 13.63 16.52 15.49 14.70
Pro 3.67 4.03 0.00 3.95 2.38 265
Gly 3.40 3.69 3.10 356 3.49 3.20
Ala 5.22 5.94 4.95 5.50 5.57 5.12
Cys 0.70 0.82 0.55 0.74 0.64 0.62
Val 5.03 5.52 458 5.21 5.11 475
Met 3.16 3.52 2.30 3.49 3.16 3.48
leu 4.36 4.87 4.05 4.82 450 412
Leu 7.71 8.49 7.32 8.73 8.07 7.60
Tyr 4.06 4.40 3.38 4.19 4.05 3.38
Phe 3.88 4.78 3.82 4.19 4.27 3.81
His 0.79 0.80 0.66 0.36 0.77 0.67
Lys 8.80 9.45 8.03 9.31 8.36 8.10
ammonia | 9.73 8.59 756 8.04 7.88 8.20
Arg 5.97 6.41 5.38 6.40 6.09 5.40
LAL 0.00 0.00 0.20 0.00 0.00 0.23
Total | 101.40 | 10818 | 87.17 105.89 | 10006 | 9397
ggrg%%g S| 9269 | 9315 | 8812 | 8386 | 8742 | 8429
Ref%ery 109.0 116.1 93.92 126.3 1145 1115

A and B was solubilized at pH 11.0 and precipitated at pH 5.5.

B and E was solubilized at pH 11, precipiated at pH 5.5, and, heated at 90C for 1 hr
C and F was solubilized at pH 11.0, heated at 90C for 1 hr, and then precipiated at pH
5.5.
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)

rpmoll Al 51 FoF T A # @3 Kol 6 N NaOH &8 37}
3l pH 11.00.82 * Al 712 7500 rpmel A A4l Eg]
ato] &gk ol @uWlAS 34319

& A7bste] pH 55 ZAsle] o %
2o Al WASEAL 7500 rpmoll A A% 4l ste] AHAGHAS 34
ok 35 JHd @A WesaAd WA A(5% sorbitol, 4% sucrose, 0.3%
polyphosphate)& F7}ste] -20T<] w21 wastdr =4 4 R AF

AxE 9% ARZ AHESYL

MR EY A
kS 6 kgoll tiste] 12 Lol FE4F 7istal XA Yol =(lka 25T
basic, Ika Works Inc, Willington, NC, USA)Z 8000 rpmol|A &3]

as @ Bl el THiF FEFE sldka o) AL 949

i
Ho
2 o

HEE dAG FEFE HUbsta, 30% NaOH & 94S& AR&3te] pH 7.0
o7 xdste JtedE A% VAR ARSI T 71d FRol st
Protamex+ @& % 1/100, Flavourzyme< @92 &% 1/2157} ¥ %=
= FH7tste] 25T 7kl &4 150 rpme] HE= W HE7](MS-280D,
Tops, Seoul, Korea)® Aol FHA 2417t F<F 7hE8)8d . 71 <
g ol WS Hshr] fste] &4 vhS Y AR A kA FUe
o, gkgo] B A A (G000 x g, 153)3te] 7H&A T e E

A4S Beladth 7heA RAE B0TOIA Brix 25704 55 @ ¥, A
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= I = 121CoA =5 1d=x3te], kitchen Aid (350 Watt, St. Joseph,
Michigan, USA)& 33} o}

2% o& afF o Az

TRl WHS AAS 24X = meat grinder 23] vpaf 3k &
5 H7Fsta 3000 rpmell A 5% FQF S EA Vo] 2T SEA
o] 6 N NaOHZ 7}38lo] pH 112 ZH3le] o]& dhulas &3
A 21(7500 rpm)ate] S do] gafgk A

=
Fo) wg F5sar. A5 184 @udel 6 N HCIE H7)e

T
o,
1

3] 3k o
Az 5 g WAS WA 3] 93te] 5% sorbitol, 4% sucrose®t 0.3%

sodium polyphosphateE 718t 170Ce] =¥ HZ7|oA A3 o] &

T Az
=9+ Table 13 2 formulation®] ™z} Z} ingredients
7|E7F BolA & wi7hA] WS g WulR ddetA | ¥ 5 49
714 AEstith A9 w7 B

=
A 715 AAHS 9% A ER AlEslth

Ll
(ot
s
ol
ol
&
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Table 1. Formulation for preparation of noodle including partial

hydrolysate (unit; %)

Ingredients 1 2 3 4
wheat flour 60.3 63.5 64.7 64.7
salt 0.3 0.3 0.4 0.4
soda 2.6 2.4 2.1 2.1
olive oil 0.0 0.8 0.8 0.8
sake 1.2 1.1 1.0 1.0
hydrolysate 3.7 2.5 2.5 2.5
cold water 31.9 30.4 284 0.0
hot water 0.0 0.0 0.0 284
total 100 101 99.9 99.9

Tokyo, Japan)o.2 =438, Zd¥d 333 semi-micro Kjeldahl

(AOAC, 1999 o2 ZA 33t

@G FEF Biuret (Umemoto, 1966)¢] HHol whe} 74 sk5lom
bovine serum albumin®. = 23 ¥+ Ao wel dwiE FEE Al

st
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7t A zA

Pilot plantZ 3|43t o]€¢ GuAe ALE3 AdL w27 NI
Stephan cutter/mixer(Model UMC 5, Universal Marchine Inc, Hameln,
Germany)Z A oA 28 oA 32 &g, TS ud o

Yol AFE7](Food Saver Ultra, Tilia International Inc, China)® 7]3%

Ll

A AsFL 2MA F77](Sausage Maker, Buffalo Co., New York, NY,
USA)E AF&3Fe] Hld tube(19 x 20 cm)oll &3 & 90TCe FZol A

5% Fob stdeta, 15% 9 009 Aol Waste] s W3
HpE 5 By 40l Assigth By 24 Aol 8o et de

Z2 3 Ao &4

Okada®] %H1964)0] whel Ay o A5(1.9 x 20 cm) 91l A& 5
mm<% T3 plungergs F33 60 mm/mine] FEZ2 WA
rheometer(Model CR-100D, Sun Scientific Co., Tokyo, Japan)Z 3}3] 7%=
(@ ¥y Fmm)S F43Act. Aol W CIE Lab colore A A
(ZE-2000, Nippon Denshoku, Tokyo, Japan)® =43ttt MAAE X5
Al plate(1L'=96.83, a*=-0.36, b*=0.62)2 X3 stR o MAT= L -3bx
2 AksE A oh(Park, 1995).

B4Es 4317 918t Kocher and Foegeding(1993)2] wWrwol u}z}
Al5E HAS 4 Q= 020 um nylon filtere} F38ld & =& & A=

1.5 mL9] micro-centrifuge ¢l 3} tubeZ AF&3t 719 AS ZA g

- 256 -



Aok 05 g& Ao 2ol oIS 7h lF-€] tubell ¥ il Eppendorf
YL 712 10000 rpm(2500xg)ll Al 104 &9t WAl Eelstdnh. dA

F felE B FS EYstel thewt ge o me ngy

ftlo
AN
oxl
ol
o
8
)

| TR g - FHE FE o/AE T AA 99

f
-
Eiv)
I
>
il
oi\
)
Y

7td A9 ATz #S

7t AE 1 mm'e A712 Adsta 25% glutaraldehyde®t 1% osmium
tetraoxide® Z}7} 2A17F Hot 12 2 23 A AT A AJIRE 01
M phsopahte $+5 4 (pH 7.2)2 AH 3 £ 50, 70, 80, 85, 90 F 99% ethyl
alcohol® A& 4 208 F<F &3t} Propylene oxide® 30% &9t 2
3] A 3%+3tal Epson £%&53 Epson A=B &=3EZ 2417 HEF
Epson 8122 XEvwjstdith. 2wt AJ8E 37TColA 1247t EFde F
microtome (LKB-Biotech, Nova, Sweden)2. 2 05-1 me F7A& A3}
o toluidine blue® THMet FdAnF oz AF F & a3t o
£ 200 mesh® copper gridell HZA]7] 3L uranyl acetate®} lead citrate=

o]F AMste] T3t A=A A (JEM 1200EX-1I, JEOL, Tokyo, Japan)<.

i)
e
Bl
i
oft

(=813 o4 HA ¥ ingredient formulationS $ 3 A

AR JMP BA T2 13(2002) 02 A A
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23 4 &
oF AFY EA
ol gele AEFS A FsH7] Y5t Table 13 22 formulationo 2

ingredients& &3§tste] 719 A& A xsFAT

Table 2. Formulation of ingredients for kamaboko products (unit: g)

cheese in |blend with| add crab
) control Ak-mok
Ingredients center cheese flavor
(A) (E)
(B) ) (D)
recovered protein 68.22 65.12 35.12 31.92 129.83
water 19.78 14.08 14.08 34.15 10.00
salt 0.80 0.80 1.20 4.26
cheese 8.84
crab flavor 2.16
bovine plasma
) 14.22
protein
egg white powder 6.96
potato starch 3.44 14.22
mono sodium
0.72 0.15
glutamate
sugar 0.57
glucose 0.57
soy oil 2.00
Total 88.0 80 58.8 80.55 174.47
moisture(%) 77.0 69.0 70.0 66.7 62.7
protein(%) 12.1 14.6 15.0 16.7 16.8

AFS] FR gl Aolk A7 WRel £ALE YriHoz wws]
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Fig. 1. Texture map between sensory textural descriptors and

rheological properties of products. Symbols were the same as

Table 1.
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Fig. 3. L, a* and b* values of products. Symbols were the same as Table 1.
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Table 3. Formulation for products blended of recovered protein, Pacific

whiting and Jack mackerel surimi.

Ingredients 1 2 3 4 5 6 7
recovery protein 91 0 272 136 0 0 136
Pacific whiting FA

91 272 0 0 136 0 136

grade
Jack mackerel surimi 91 0 0 136 136 272 0
Potato starch 15 15 15 15 15 15 15
Bovine plasma protein 6 6 6 6 6 6 6
Glucose 0.6 0.6 0.6 0.6 0.6 0.6 0.6
Sugar 0.6 0.6 0.6 0.6 0.6 0.6 0.6

Mono sodium glutamate| 0.15 0.15 0.15 0.15 0.15 | 015 | 0.15

Salt 6 6 6 6 6 6 6

Total 301.35 | 300.35 | 300.35 | 300.35 | 300.35 | 300.35 |300.35

W= g oF 100 g ¥E gk 50 mm °o)AS A7) Ysi L2y 3
T @z 90 g o]}, Pacific whiting surimi 90 g ©]A, Z789] surimi 90

g2 formulationd}i= o] AAs Roz2 FAHHS
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Pareto Plot of Transformed Estimates
Term

Orthog Estimate
Pacific whiting

Recovery protein
Jack mackerel

-3.91783 -\\
UJ | i II II
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< ! - |
@ 30 : i ’.
m T T I 1 T ] ] ]
9% o~ © gs N © 907143 &
od [a¥]

Recovery protein Pacific whiting ~ Jack mackerel

Fig. 4. Pareto plot and prediction profiler of breaking force in

blended gel from recovered protein, Pacific whiting, and Jack
mackerel surimi.
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Fig. 5. Pareto plot and prediction profiler of deformation in

mackerel surimi.
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Fig. 6. Effect of pH on breaking force of functional protein gel
from functional protein of mackerel, croaker, pork leg and

chicken breast by acid and alkali processing.
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Fig. 7. Effect of pH on deformation of functional protein gel
from functional protein of mackerel, croaker, pork leg and

chicken breast by acid and alkali processing.
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Fig. 9. Prediction profiler of myofibrillar protein on breaking force,
deformation, whiteness and price of raw material from mackerel,

chicken breast and pork leg(a) and croaker, chicken breast and pork

leg(b).
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(a) 0_8-.{0‘1
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Fig. 11. Ternary plot of functional protein for optimum formulation from
mackerel, chicken breast and pork leg(A) and croaker, chicken breast

and pork leg(B).

(a) The breaking force, deformation, whiteness and price of raw material were set
above 110 g, 4.5 mm, 28.3 and 2,000 won, respectively.
(b) The breaking force, deformation, whiteness and price of raw material were set

above 110 g, 45 mm, 37.3 and 1,940 won, respectively.
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Fig. 12. Electron micrographs of mackerel (a), croaker (b), chicken
breast (c), pork leg (d), optimum formulated mackerel functional protein
gel (e) and optimum formulated croaker functional protein gel (f) from

alkali processing.
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Table 4. Formulation, texture and whiteness of commercial products

.. . Deformation, | Whitene | Moisture,
Products Major ingredients Force, g
mm SS %

pork 51.56%, chicken
A 26.88%, corn starch, egg| 294+18 5.32+0.25 [19.7£0.9| 63.1+0.2
white

pork 72.15%, chicken
B 7.46%, wheat starch, 409+48 5.35+0.2 21.4+1.5]| 58.6=0.0

soy protein

pork 43.75%
C ) 33849.0 | 551+£0.22 [22.1£1.0| 62.9+0.5
chicken 31.25%

pork 20.78%
D o 2107 590+0.49 |14.5+04| 60.3£0.4
surimi 42.14%%

pork 16.9%
E o 165+6 5.88+0.38 [13.9+0.3| 61.8+0.7
surimi 47.33%

pork 12%
F o 190+8 6.43+0.08 [19.7+04| 57.3+1.6
surimi 48.06%

pork 23.749%%

G o 12445 4.88+0.19 9.1+0.6 | 59.0+0.3
surimi 40.7
pork 129

H surimi 60%6 203£10 4.63+0.20 0 58.3+0.4

cheese 4.2%
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2.25

3.25

Sensory
items
color
flavor
taste

texture
total

Table 5. Consumer acceptability of noodle products including

hydrolysate
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