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SUMMARY

. Subject

Development and industrialization of new technology for production of highly
value added microcapsules

. Purpose and Importance of Research Development
1. Purpose

oTo develop imitation fish roe such as caviar as import substitution and
export strategic products.

oTo develop materials with functional marine products for encapsulation and
applied products.

0To produce industrial products by developing industrial processes and
product manufacturing technology.

2. Importance

Domestic fishery product processing industry is suffering raw material
shortage resulted from international environment changes including the reduction of
distant fishing fields because of operation regulations of coastal countries and
proclamation of exclusive economic zones in 1990s, degradation of fishery
manufacturing conditions because of new fishing industry order between Korea,
China and Japan, limitation of coastal fishing field and fishery resources, progress
of pollution due to industrialization, and opening domestic market for fishery
products and the loss of competitiveness in international market due to the change
of world trade order. In this situation, to overcome the shortage of expensive, rare,
highly value-added raw materials, new imitation material development attracts
attention internationally. In particular, regarding natural fish roe, the demand of
imitation fish roe is increasing dramatically because of the difficulties in getting
natural fish roe and the bad market situations. Therefore it is urgently needed to
develop imitation fishery products processing technology such as imitation fish roes



including caviar as substitution for import and strategy for export. On the other
hand, to expand fishery product consumption, it is needed to promote functional
materials actively. To create a new market for the consumption of new functional
materials, new type products should be developed from the materials. Therefore the
application scope should be expanded using high-tech practical new technology
such as edible encapsulation process.

M. Content and Range of Research Development

In this study, imitation fish roe products targeted to caviar, salmon roe, flying
fish roe and lumpfish roe were developed as import substitution and export strategic
products, and special physiologically functional capsules such as fish oil, chondroitin
sulfate, fucoidan, squid ink, B-carotene, vitamin C, heme-iron and crab extractives
were developed. For each target product, industrial production was pursued through
developing the manufacturing process and product technology. Moreover, during the
project, functional bead products were additionally developed applying encapsulation
technology with the demand of the industrial field.

1. Determination of the optimized encapsulation conditions
a. Effects of chemical factors such as the concentration of sodium alginate
and calcium chloride
b. Effects of physical factors of capsule manufacturing device

2. Capsule manufacturing device development
a. Basic design of capsule manufacturing device
b. Development and production of pilot and prototype capsule manufacturing
device

3. Imitation caviar manufacturing technology development
a. Manufacturing optimization conditions
b. Establishment of industrial mass production process
c. Storage stability

4. Imitation salmon roe, imitation flying fish roe and imitation lumpfish roe
manufacturing technology development
a. Manufacturing optimization conditions
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b. Establishment of industrial mass production process

5. Fish oil encapsulation technology development
a. Manufacturing optimization conditions of fish oil capsules
b. Manufacturing characteristics of fish oil capsules
c. Oxidation stability during the production and storage of fish oil capsules

o

Encapsulation manufacturing technology development of functional
materials derived from marine products

a. Optimal manufacturing conditions of each functional material capsule

b. Manufacturing characteristics of each functional material capsule

7. Encapsulation manufacturing technology development of seasoning
materials derived from marine products
a. Optimal manufacturing conditions of crab extractives capsules
b. Manufacturing characteristics of crab extractives capsules

8. Functional bead products manufacturing technology development
a. Manufacturing process design and productive characteristics of bead products
b. Establishment of large scale manufacturing process

IV. Research Development Results and Application Scope

1. Research development results

a. Determination of the optimized encapsulation conditions

Regarding the manufacturing of capsules, the effects of physical and
chemical factors on the size of capsules, material characteristics, membrane thickness,
sphericity performance and chemical characteristics were reviewed. Accordingly, for
manufacturing edible soft capsules for imitation fish roe, the optimal conditions were
as follows; 0.8%(w/v) sodium alginate solution as gelling agent, 1.2%(w/v) calcium
chloride solution containing 1.5%(w/v) carboxymethyl cellulose(CMC) as gelling
crosslink agent. On the other hand, for the change of capsule manufacturing
characteristics change according to physical condition change, when the inner
diameter of the nozzle is over 1.0mm, the strength and size of capsules are increased
in the proportion of the size of inner diameter. Regarding the flying distance of
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gelling crosslink agent droplets, within 1~30cm scope, the size of capsules did not
show statistically significant difference. However, in case of sphericity performance
rate, when the flying distance is less than lem or more than 30cm, it was reduced to
less than 85%. Additionally, when the effects of input velocity of gelling crosslink
agent, agitation speed and reaction time on the capsule manufacturing characteristics
using statistical analysis method such as Response Surface Methodology(RSM) were
reviewed, the most optimal manufacturing conditions were as follows; 280rpm of
stirring speed, 10 minutes of reaction time and 0.05mL/sec of gelling crosslink agent
input velocity.

b. Capsule manufacturing device development

In this project, single and double nozzle dual wuse test capsule
manufacturing device(CAP-T01) was developed which can be utilized in reviewing
encapsulation manufacturing conditions before scale-up. Additionally, semi pilot scale
multi nozzle type prototype capsule manufacturing device(CAP-P01) was designed
and manufactured that can be used in large scale manufacturing process design and
utilized in encalculation of yield, productivity and manufacturing cost. Based on them,
single membrane and double membrane type capsule manufacturing foundation was
established. In this project, manufacturing characteristics of the capsules were
specified and target products were developed and industrial processes were
established.

c. Imitation caviar manufacturing technology development

To manufacture high quality capsule type imitation caviar products,
which have similar shape, material characteristics, taste and color, optimal
manufacturing conditions were specified and industrial mass production process was
designed based on those conditions. Accordingly, for manufacturing imitation caviar
products, the optimal conditions were as follows; the use of single nozzle, 1.5%(w/v)
CMC, 1.2%(w/v) calcium chloride containing various seasonings, gelling crosslink
agent, and 0.8%(w/v) of sodium alginate solution as gelling agent. In this case the
size of the final product was approximately 3.0mm and the weight of the produce
was 0.02g each, which was very similar to beluga type natural caviar. To make the
color similar to natural caviar, squid ink was used. For industrial mass production
process, gelling crosslink agent and gelling agent solutions were manufactured first.
And then they were encapsulated, washed, stabilized and sieved after salting and
cleaning processes. When encapsulation device of prototype was used, the
productivity was 1.1kg/6hr - day(per nozzle), yield was approximately 160% of
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material weight and the production cost was 1,904won/100g bottle, which was
approximately 1/140 comparing to beluga type natural caviar. On the other hand, from
storage stability test result, they could be stored for approximately 6 months under
10C. Industrialization of the imitation caviar was realized during the research period
by one participating sponsor and sold to both domestic market and international
market.

d. Imitation salmon roe, imitation flying fish roe and imitation lumpfish
roe manufacturing technology development

The most optimal manufacturing technology for imitation salmon roe,

flying fish roe and lumpfish roe was developed to manufacture various imitation fish
roes similar to natural fish roes in the market. In case of imitation salmon roe, it was
designed to use double nozzles and inject fish oil in the internal nozzle to make them
similar to natural salmon roe that have cavities inside of the roe. The concentration of
gelling agent and gelling crosslink agent was identical to the manufacturing of
imitation caviar, except that it added natural color and seasoning to sodium alginate
solution. Most of the processes are similar to industrial mass production process and
the only difference is to use a double nozzle. The size of final products was
approximately 6.0mm and the weight was 0.09g/each, which were very similar to
those of natural salmon roe. When using prototype encapsulation device, the
productivity was 1.3kg/6hr - day(per nozzle), yield was approximately 90% of material
weight and the production cost was 853won/100g bottle, which was approximately 1/3
comparing to natural salmon roe in the market. In case of imitation flying fish roe, a
single nozzle was wused. For material characteristics enforcement and color
embodiment, calcium chloride solution containing 1.5%(w/v) CMC and colors was
used as gelling crosslink agent, and 1.096 sodium alginate was used as gelling agent.
The size of final products was approximately 1.8mm and the weight was 0.03g/each.
The mass production process was similar to that of imitation caviar. The productivity
was 0.6kg/6hr - day(per nozzle), vield was approximately 90% of material weight and
the production cost was 849won/100g bottle, which was approximately 1/1.4 comparing
to natural flying fish roe in the market. On the other hand, in case of imitation
lumpfish roe, most of manufacturing conditions and mass production processes were
similar to those of imitation salmon roe. The only difference was to fix color in the
stabilization process. The size of final products was approximately 2.0mm and the
weight was 0.05g/each. The productivity was 0.4kg/6hr « day(per nozzle), yield was
approximately 80% and the production cost was 928won(black type), 914won(red
type)/100g bottle, which was approximately 1/5 of natural lumpfish roe in the market.
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e. Fish oil encapsulation technology development

In this process, fish oil was encapsulated and the physicochemical
characteristics of capsules were investigated by adding different amount of fish oil
Additionally it was also investigated what kind of impacts that manufacturing
conditions would make on the manufactured capsules. Moreover, oxidation stability of
fish oil captured inside of the capsule was measured in the most optimal conditions
and the most optimal encapsulation condition was investigated to improve oxidation
stability. Accordingly, the size and thickness of the membrane was not greatly
influence by the addition rate of fish oil. Sphericity performance was decreasing
gradually according as fish oil adding proportion was increasing. Rupture strength
and deformation depth of capsules were decreasing when the fish oil adding
proportion was increasing. Oil amount per capsule was increasing as the fish oil
adding proportion was increasing. However, it did not show big change once the fish
oil adding proportion arrived at 40%. Encapsulation rate was increasing as the fish oil
adding proportion was increasing and it was decreasing gradually after the fish oil
adding proportion was over 30%.

The factors influencing the characteristics of capsules such as the
proportion of fish oil addition, stirring speed of sodium alginate solution and dropping
speed of the compound liquid of CMC, CaCl; and fish oil were investigated.
Sphericity performance was influenced most by the stirring speed of sodium alginate
solution. The next influencing factor was the fish oil adding proportion. The
statistically optimal conditions were as follows; fish oil adding proportion was 21.6296,
the dropping speed of compound mixture was 0.060m{/sec and the stirring speed of
sodium alginate solution was 285.34rpm. Sphericity performance at this time was
shown as 95.02%. The amount of fish oil per capsule was influenced most by the
stirring speed of sodium alginate solution and the adding proportion and dropping
speed made similar impacts on the amount of fish oil per capsule. The statistically
optimal conditions were 38.52% of fish oil adding proportion, 0.041m¢/sec of dropping
speed of compound, 285.73rpm of the stirring speed of alginic acid solution. The
amount of fish oil per capsule at this time was 3.94mg. The most influencing factor
on encapsulation rate was the stirring speed of sodium alginate solution and fish oil
adding proportion and the dropping speed of compound mixture made same level
influence. The statistically most optimal conditions were 28.04% of fish oil adding
proportion, 0.067m¢/sec of dropping speed of compound, 290.03rpm of the stirring
speed of sodium alginate solution. The encapsulation rate under this condition was
76.34%.

When oxidation stability of capsulated fish oil in the capsules
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manufactured under the most optimal conditions was investigated, capsules
manufactured using a single nozzle seemed to oxidized more easily than those that
were not encapsulated. However capsules manufactured using double nozzles were
better at oxidation stability than those that were not encapsulated. Those
manufactured with double nozzles by adding antioxidants did not show any oxidation
even after 4 days storage at 37°C. When various antioxidants were added or N:» gas
treatment was used to enhance oxidation stability of the capsules manufactured using
a single nozzle, those with antioxidants showed slower oxidation than those without
antioxidants. However they were more easily oxidized than those that were not
encapsulated. However if encapsulating with a single nozzle with Nz gas treatment,
those showed remarkable oxidation stability and they showed slower oxidation than
those that were not encapsulated.

f. Encapsulation manufacturing technology development of functional
materials derived from marine products
In this study, the most optimal conditions of encapsulation of functional
materials derived from marine products and the characteristics of the manufactured
capsules were specified. The manufacturing conditions of the capsule were the same
as the most optimal conditions for fish oil capsule manufacturing. Looking into the
manufacturing characteristics of chondroitin sulfate capsule, encapsulation efficiency
and material changes were extreme when adding concentration was over 10%. In
particular, the thickness of capsule membrane was reduced dramatically according to
the increase of concentration so that the physical strength was weakened greatly. In
case of fucoidan capsule, they showed relatively higher value in membrane thickness
as well as rupture strength and deformation depth. As they showed strong elasticity
and strength, they can be used for the encapsulation requiring strong material
characteristics. In case of capsules using squid ink, heme-iron, vitamin C and £
—carotene, those that used water soluble heme-iron and vitamin C showed very low
encapsulation efficiency such as 10~15%. However, in case of heme-iron, it showed
relatively high rupture strength and deformation depth values.

g. Encapsulation manufacturing technology development of seasoning
materials derived from marine products

The most optimal conditions for encapsulation of crab extractives, which

was most widely used among seasoning material derived from marine products, and

the characteristics of manufactured capsules were studied. The manufacturing

conditions of the capsules were 1.2%(w/v) calcium chloride solution containing
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1.5%(w/v) CMC was used as gelling crosslink agent and 0.8%(w/v) sodium alginate
solution was used as gelling agent. Crab extractives was dissolved in calcium
chloride solution and encapsulated. A single nozzle was used for the process and the
flowing velocity was 0.0bm/sec, stirring speed was 150rpm and droplets falling
distance was 15cm. The size of the manufactured crab extractives capsules was 3.0~
6.0mm and they did not show any statistical significance in the slot of 20% and 30%
adding concentration. The membrane thickness was 185~270um and sphericity
performance was within 45~85%. In material characteristics of capsules, rupture
strength was 1.0~3.5kg and deformation depth was within the scope of 1.0~1.6mm.
Encapsulation efficiency was reduced almost straightly according as adding
concentration was increasing. When adding concentration was over 20%, it was
reduced down to 50%. The content of crude protein in capsules was increased till
adding concentration became 20% but it was reduced rapidly. In case of 20%
concentration, it was approximately 300ug.

h. Functional bead products manufacturing technology development

In this study, it was tried to develop functional bead products as an
additive to various processing products utilizing encapsulation technology and devices.
These bead products were researched according to the requests of the wvarious
processing products manufacturing end users. It seems that there will be great
demand mainly in yogurt, additives for hams and sausages, toppings for pizza, bread
and bakery and spreads. Beads are easy to manufacture and easy to utilize
comparing to capsules. Moreover it is easy to add various colors and flavors and
they are not much influenced by other physical factors unlike capsules. Therefore
non-conformity rate is very low and productivity is high(about 3 times higher than
capsules). For mass production, gelling agent and gelling crosslink agent solutions
were manufactured, other materials were solved to the solution and gelling agent was
dropped into gelling crosslink agent solution to make beads. It was just reverse
process of capsule manufacturing. Manufactured capsules were stabilized in calcium
chloride solution, sieved, sterilized in hot tub to adjust water content, wrapped in tin
cans and re-sterilized. The productivity was 3.0kg/6hr - day(per nozzle), yield 709,
manufacturing cost 1,500~2,000won/lkg, which was 1/2 level of jelly for yogurt in
the market.

2. Application Scope

In this study, we succeeded in developing expensive natural fish roe
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substitution product with imitation fishery product manufacturing technology and
secure new technology to manufacture soft capsule applied products of functional food
materials containing nutrients, physiological functions, taste and flavor. Based on this
we would like to develop new products for import substitution and export strategy,
and introduce highly value added industrialization and export foundation to domestic
fishery processing industry. In other words, we would like to utilize this technology
to activate stable and economic fishery processing industry by avoiding simple image
of existing fishery processed goods, competitiveness of fishery processing food
industry with active response under WTO, creating and expanding new consumption.
On the other hand, the soft capsule technology that has been developed in this
project can be used in other fields such as biotechnology, aromatics or cosmetics

industry.
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means+SE(n=10).
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Fig. 2-3. Rupture strength of experimental capsules as
affected by the concentration of sodium alginate and
calcium chloride. A; after washing, B; after stabilization in
2% calcium chloride solution for 20min. Results are
means+SE(n=10).  Values with  different letters are
significantly different(P<0.05).
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Fig. 2-4. Deformation depth of experimental capsules as
affected by the concentration of sodium alginate and
calcium chloride. A; after washing, B; after stabilization in
2% calcium chloride solution for 20min. Results are
means+SE(n=10).  Values  with  different letters are
significantly different(P<0.05).
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Fig. 2-5. Sphericity of experimental capsules as affected by
the concentration of sodium alginate and calcium chloride.
Capsules were stabilized in 2%(w/v) calcium chloride solution
for 20min.
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Table 2-1. Sensory evaluation for the bitterness of experimental capsules1 as
affected by the sodium alginate and calcium chloride.

Cone. of Intensity of bitterness”

sodium Conc. of calcium chloride(%o)

alginate
(%) 0.4 0.8 1.2 1.6 2.0
0.2 5.0" 50" 4.8" 3.7° 1.8%
0.4 5.0" 50" 4.8" 3.8" 1.7
0.6 5.0" 50" 4.8" 3.9" 1.9%
0.8 5.0" 50" 4.9" 4.0™ 1.9%
1.0 5.0" 50" 4.9" 4.0™ 2.0

' The capsules were stabilized in 2% calcium chloride solution for 20min.
% Results from five experienced panellists are rated 1 to 5, least acceptable to most acceptable.
Values with different letters are significantly different(P<0.05).
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Fig. 2-6. Diameter of experimental capsules as
affected by the inner diameter of single nozzle.
Capsules were stabilized in 2%(w/v) calcium chloride
solution for 20min. Results are means+SE(n=10).
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Fig. 2-7. Rupture strength of experimental capsules
as affected by the inner diameter of single nozzle.
Capsules were stabilized in 2%(w/v) calcium chloride
solution for 20min. Results are means+SE(n=10).
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Fig. 2-8. Diameter of experimental capsules as affected by
the dropping height of droplets. Capsules were stabilized in
2%(w/v) calcium chloride solution for 20min. Results are
means+SE(n=10).
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Fig. 2-9. Rupture strength and deformation depth of
experimental capsules as affected by the dropping height of
droplets. Capsules were stabilized in 2%(w/v) calcium
chloride solution for 20min. Results are means+SE(n=10).
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Fig. 2-11. Capsule diameter of experimental capsules as a
relationship of reaction time, flow rate and stiing speed by
response surface mathodology.
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Fig. 2-15. Membrane thickness of experimental capsules as a
relationship of reaction time, flow rate and stiing speed by
response surface mathodology.
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and double nozzle.
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A2Ad Ay 9L €Y

Z el AFE AXE A8 AL A3 AT 20C0A 1% S49 HE7} 370
2 E F(Kimitsu Chemical Industries Co., Ltd., Japan)S Al&3}dom, A3 7}
WAZME 5 98.4%° F-4 F3}Z<4(Nichia Corporation, Japan) % 712 E A v A=
2 9 ~(Katayama chemical Co., Ltd., Japan)e] &8 NS A3t 28 HAG FA

Agl sk gl gES Rostr] g A, A7) g FRAle AFTAELE ARt

3 Ae,
Ae Tl AT

2. 2@

Aed dx Muloj= AAl A, AZE prototypes] Ma AEFAE o83kl Al
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zstant. ol Ao A7), =44 AA Bste ALE YEd =59 B B A7,
YU EF 2 G259 s% 59 =12 Al 2 Zoll 275 AT Ax 23 +

v, &5 3
Az Aulo} AlFo A IAAY AdES A AN B e AF A3, A
g, @A 2 Foe st Frista AR AAE 53 BAHAZ YERAIH.
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Table 4-19] 7hBIo}ZS H|E3le] A 5 Fo] A it of&el Ao,
lumpfishd & Zt5 Adojdte] ARG E EX43E U
Nulol= 24~25% WHE oA o2 ofTFol| HlE] FaFo] Wk
4.7%, AL 54~109% 13 EALL 3



79% oo g b Ekow, oS 75% FE A Y, 63~64%2] FjHlo)$} 50% o]
3l FEQd Ao £oF Aol7t *‘6}2511:} A e i 15% oste] ol
O dAojde] A= 82~2L1%=E *Wo] = TS UrE}LH E} S, 2o g 3
FE lumpfish2 o FX] o] F 10% o]Aom FAuoiel Ade] B oF 20% FE2
2 Uesth

S, Fole YERA Etout ddojde] Yot TR vl A 27 3.0mm,
0.02g, lumpfish &< 2.0mm, 0.005g, 11<S 6.0mm, 0.09g 28] EX<-S 1.8mm, 0.003g2]
ol AdTh

Table 4-1. Proximate composition of various natural fish roes

Content of components (%)

Products
Moisture  Crude protein Crude lipid Crude ash Salinity

Caviar(Osetra) 64.2 20.5 1.3 4.0 25
Caviar(Sevruga) 63.0 20.8 0.7 3.9 2.4
Lumpfish(Red type) 79.6 11.8 0.9 5.1 4.7
Lumpfish(Black type) 79.3 114 1.0 5.0 4.7
Salmon roe(A grade) 50.8 28.2 8.2 55 5.4
Salmon roe(B grade) 42.7 20.8 21.1 11.1 10.9
Flying fish roe 75.0 11.2 0.3 3.6 3.1

2. JA=Z AHlo e Az 7e AL

7 Az Avel Az HA 28 7
AEge) REA Az Aol AxE AF A4 Az 2AL e 2ok 3, 15%
o A=BAMAAEZe 0t 4% FEHY) £AAE FHIE 12%e) ASDEH §



S A NuAZA o] &3te MAAE T3 08% LIMIEF AF 7)A Ao
nozzle®] W7ol 0.52m<l @Y nozzles o]-&ste] HHS HeletHA wHIHREA]7]1, A
qE AES 3)Fste FASE Aol AV, B4 2 48 59 WolA beluga typee]
A FHElol 7HF FASIATE ol A7) B TR AT 3.0mm # 0.0297% A
sttt A, oA AxF P&F A= Anlole o) F e RES AT XY FH
A FAL Ax WES 2%wWh)e FstdE &dol 1083 HA S Hgssta 3|4
ate] ohA] FAISE Th 3%9] NaCls F7bste] 3A1zF GRS § A5A st o]o] 4
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ot
>N
>
g

stod Awle] A% A9 FRE kA RF A=A FEFHL v S(cavizzle)' = E T
atgom w9k 100g, 230g E 1kgel b 3ttt Fig. 4-1& ¥
e Ax Aulo] AFoIH.
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Fig. 4-1. Commercialized imitation caviar product, Cavizzle.

StA, A "AHlof(caviar)"T &ojv A8 HEXHOoFZ HA, JtFH TS HE A
=t FEAHo 2= HRdol(sturgeon)d Tho] FfuHIO] A Fol| AMEEHE FUd Y89

el of A8
U HZ Ad 2 A Hg o ARAEY 84 BgEs K}
JZEE Fuo]E A Zd7] Y= 1590 208 AEZ A
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whitefish, salmon, Artic charr 2 troute} #S ] o]F o2 AR EHE AEL H Ao 7

Hlolsh BAE @m ke Ecke FelAH he SESth oS0l Ajulo] Aol o}
Seigoz A Alg Avlel AF RollA BT Utk 19619% o FE <
3 RETL 29

9
Aow B2 HAAXo=E AA FHAE ot ojudt Folgtx sfulojeta A o
L, 19619 % o] o= & Hiigoldrte] Jjulold AR E EolAF E Wi, tE o
o2 THE JfH]oJEL lumpfish caviar &2 salmon caviar 53 £ AuE g 9

71t=E Hof gt

. 1Z Al AFY AEF dF AL 3 9

AEd 1FF Ax vl AS s &9 3G FAE AR Ay a2gx
olo] A28FHE Ax HHE QoFslH Table 4-29F 2tk 11 F8 Y& HA WAz A
o] HE TS As) 7|A §AQ GUMUEF £ AxA B3 &A1 AE
sfAl o2 AEutel MAE HFAAA HdAvIof9 w9 FARE A0S Yeld 4 Q)
Ao, Y zujde A 7tuAQl Jt2EAMEAEZ QA Aeds E8d F3
A, zu|dr|AF D FEd 55 &3AA AxAT PEse dEEES o] &3H
om, MES AT Fo AL T 6] 3% A IS Hrbste] A A, W7
A4S AA HF Axd Ago 22 =vE HAeal @5E(100g, 230g 2 1kg)E H
52 Ha xSt AFstetdth o] A, He ulF 2w F 23 2v|A 9 HIME u)
dHIE A 2AFFo=ZN FH 75 % 7HES FostA =H Heskdo @A, id,
TH 9 AF AFY wigy 2AE g5 FEHE A o0 wEt H5 s 4 3
S Aoz AAHAN(Z T5E H/ME 6wy A9 A5 A=)

o A= Aule} AF A P4
A i A AFE WdeZ shed 5, 10 R 15T 671€3t HasivA 2
U HHem Ads AN A T8 ok BEA HAIE s 1 A,
15CAN AZR B9= 8FA AsHo2 AF7t 1—%— FAdstglon Ada I 107
Uebgtth 2ejste] 16T AR B9 105 o] 5o A7 Tl
o

|
= %‘@.% A ]‘3}11 gttt ¢, 10T A F9= 16—7[i ojF AFEFTF 10° o] F
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bt oy AA A7 BesHoReE & FE Al FAHE o2 dewTh
5C A Afe A A7 2 Aasr 32 #54 F2 wsh A9 fle A=
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& 35 67H 17h2] BEAC EA7E gl Ao® AdEtk(Table 4-3 2 4-4 FX%),
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Table 4-2. Industrial production procedure of imitation caviar

ufacturing Procedure Equipments
process
> 0.8% (w/v) sodium alginate solution (150cP) * Stirring tank with
Preparation of - Squid ink powder was dissolved as a colorant water jacket
solution with > 1.2% (w/v) calcium chloride solution with 1.5% CMC (500cP) [* High speed Mixer
raw materials - Egg york, seasonings, carrageenan etc. were dissolved
and additives > Stabilizing solution for capsules
- 2% (w/v) calcium chloride solution (50cP)
> Filtration of 1.2% (wi/v) calcium chloride solution with 1.5% .
Filtration 6 (W) ° | Sieve(40mesh)
cMC
> 1.2% (w/v) calcium chloride solution with 1.5% CMC (500cP) * CAP-POL
was dropped into a well-stirred 0.8% (w/v) sodium
Capsulation alginate solution using a peristaltic pump through a
single nozzle
> Reaction time in reactor after dropping : 10 min
. > Sieving and washing with tap water * Sieve with net
Washing * Washing tank
Stabilizi > Stabilizing in 2% (w/v) calcium chloride solution for 10 min * Stabilizing tank
g > Washing with tap water after stabilizing
> i v i i * i
Salting & ,:Sg\llr;g;h/: salt to the capsule weight, and then standing for |* Salting tank
Washing > Washing with tap water after salting
Sieving > Sieving for sorting * Sieve with net
e > Sterilizing in boling water at above 90°C for 5 min * Sterilization tank
Sterilizing & . Lo . . .
Cooli > Cooling and dewatering in aseptic room * Sieve with net
ne * Aseptic room
. . . *S ing &
Seasoning > 2nd seasoning with bamboo salt, seasonings and flavors e_a§on|ng
mixing tank
. > Bottling with care to avoid biological contamination * Bottle packer
Bottling
* Bottle washer
Boxing > Packaging in carton Box
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Table 4-3. Sensory evaluation' of imitation caviar products during storage at 5,
10 and 15C

Storage time Sensory score

(weeks) 5C 10C 15C
0 5.0 5.0 5.0
2 5.0 5.0 4.7
4 5.0 5.0 35
6 5.0 5.0 2.8
8 5.0 5.0 2.1
10 5.0 5.0 =
12 5.0 5.0 -
14 5.0 4.7 -
16 5.0 4.4 -
18 5.0 4.0 -
20 4.8 4.1 -
22 4.8 4.0 -
24 4.6 3.8 -

! Results from five experienced panellists are rated 1 to 5, least acceptable to most acceptable.
> Not evaluated.

Table 4-4. Total plate counts of imitation caviar products during storage at 5,
10 and 15T

Storage time Total plate counts (CFU/g)

(weeks) 5T 10C 15C
0 <10 <10 <10
2 <10 <10 <10
4 <10 <10 6x10*
6 5x10* <10 8x10°
8 <10 7x10° 4x10’
10 3x10* <10 a
12 <10 1x10* R
14 <10 4x10° -
16 <10 2x10° -
18 <10 1x10° -
20 2x10" 1x10° -
22 <10 4Ax10° R
24 <10 3x10° -

? Not analyzed.
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2w ol 943} o] R AR Haw FES b @
4% 3

o stz 77t He AFelw & 5 Uk
agste] A, Q1F Aulo] olQdE F8UF e Ao, EXY e HA oF EH
AL zeetn Qe Aoz B AFHAGHE o F o@Fd U@ Az = 7 g
e A 29SSy uat sk
Table 5-1. Market information for various natural fish roes in domestic
Unit price Estimated
Products Origin Main user P market size
(won/kg) erre
(million won)*

Caviar(Beluga) Russia Hotel & Buffet 2,659,000 1,000

Iran (Total caviar)
Caviar(Osetra) Russia Hotel & Buffet 1,638,000

Iran
Caviar(Sevruga)  Russia Hotel & Buffet 1,549,000

Iran

China
Lumpfish roe Northern Europe Hotel & Buffet 45,000 700
(Red & Black) Japanese restaurant etc.
Salmon roe Domestic Japanese restaurant etc 25,000 500
(A grade) Russia
Flying fish roe  Taiwan Japanese restaurant etc. 12,000 2,100
* On the basis of imported price.
A2d AE Y
1. A%

Az Ao AF AL sl AHES 28t 714 2 A} tuAe} I3 AS AR

stlch 2w Ad, 9 g Roely] A Az, vz R FEAE AETIEL
2 Awete A& TR AL
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Table 5-2. Industrial production procedure of imitation salmon roe

Manufacturing Procedure Equipments
process
> 0.8% (w/v) sodium alginate solution (150cP) * Stirring tank with
> 1.5% (w/v) calcium chloride solution with 1.5% CMC (500cP) water jacket
Preparation of - Natural yellowish colorant, and glutinous starch syrup were |* High speed Mixer
solution with dissolved
raw materials > Fish oil for cavity formation of salmon roe
and additives - DHA oil with natural reddish colorant
> Stabilizing solution for capsules
- 2% (wi/v) calcium chloride solution (50cP)
> Using the double nozzles
- Outer nozzle : 1.2% (w/v) calcium chloride solution with
* CAP-PO1
1.5% CMC (500cP)
- Inner nozzle : Fish oil with colorant
Capsulation - Inner nozzle : Fish oil with colorant
> Droplets were dropped into a well-stirred 0.8% (w/v)
sodium alginate solution using a peristaltic pump
through a double nozzle
> Reaction time in reactor after dropping : 10 min
. > Sieving and washing with tap water * Sieve with net
Washing * Washing tank
. > Stabilizing in 2% (w/v) calcium chloride solution for 15 min * Stabilizing tank
Stabilizing . . e
> Washing with tap water after stabilizing
Sieving > Sieving for sorting * Sieve with net
i > Sterilizing in boling water at above 90°C for 5 min * Sterilization tank
Sterilizing & . Lo . * Qi i
. > Cooling and dewatering in aseptic room Sieve with net
Cooling .
* Aseptic room
. >2nd seasoning with salt, seasonings, glutinous starch syrup, |* Seasoning &
Seasoning o . . .
citric acid, flavors and natural preservative mixing tank
. > Bottling with care to avoid biological contamination * Bottle packer
Bottling
* Bottle washer
Boxing > Packaging in carton Box

_66_




o)k
=
o) 7 o)

= o

Het 7428l

+=

9

AS F |lumpfish
3|
Z3]

o

fu

WA % A FEHE
g ol

20
A

2ol 2

-

R

g]

==
=

1

[e)
=

|

Ptk &

S

o] =

=

=i
tel g A=l A

Q]3]

[e)

1z & 71 27
T

4% AE

&t

10L/mino] A9 F&o =
[e)

=

AL Ax HH5} =4

7]

A4 S5 B
S A Bel o

2. AX X EY Ax V& AY

ag PAHow =4

=1]

T T E QT T o L
N T o 5‘m11_du.mo_u e
G T G 2® 5y b
Ho T a.o,#m 7\]‘%&:,_
o N gy Td.ih.m_ ﬂﬂ%g
o _- = r R
o T NE gl L NS o g
o oo gy = o = o P G =
o = UHE 1&4] EF_ OﬂE&l
mE ﬂﬂ.aﬂem.m_o wo L g
N e o oo T 2T Ak T T
B o of or & o o TR
= X ol e o o =] o 0
T o) pild N B
M o o W Ao ~— oo U oo
%Eiﬂ %MJ&%& AO_Mmﬁ
= R oo N 9 4r B
CerE Fraioil pETw
B & 7 ° oA c
- N 2%
N9 XY 0 = o
mzvﬂuw_‘ 10103%0@%@% NAE
N o 3 D) B 8y
- & By BT H TR T =
B X wr R oo 4 oE = o °
of 4 & %ﬂamﬁmﬁefi ﬂ,_nam%ao%
mRUT o w85 ® @ MOSw
Sy g Nfo
P s poETETE o= g
NH T <=2 R E R e
® A Torlals ¥ mgoezd
gE Pt LT pmg W 4=z
mﬁwmurm_mpwe T g @ﬁ% N zﬂ,_ﬂ%%h
TN TN Bag T g M, o A L8
senPd TrxalxXy 5 Tag gl
N2 ~ X N s < =]
*TrTr ®LTliia & fERSC
7 % Mo Kx " Bzztp 2 E2 o
ERrN Enog GEWEEA = = MUQ‘&-%
ﬂqmuwﬂzif X o) F T of £ zla R
d oW NN TR N = O M %ol B
BT opears o oTgedm g O M@
PR e s & Mrx ey o & g
S RN FWAT B T

_67_



Table 5-3. Industrial production procedure of imitation flying fish roe

ufacturing Procedure Equipments
process
. > 1.0% (w/v) sodium alginate solution (200cP) * Stirring tank with
Preparation of . . . . -
. . > 1.5% (w/v) calcium chloride solution with 1.5% CMC (500cP) water jacket
solution with . . .
. - Beta carotene was dissoved as natural colorant * High speed Mixer
raw materials e .
and additives > Stabilizing solution for capsules
- 2% (w/v) calcium chloride solution (50cP)
. . . . * CAP-PO1
> 1.5% (w/v) calcium chloride solution with 1.5% CMC (500cP) c 0
was dropped into a well-stirred 1.0% (w/v) sodium alginate
Capsulation solution using a peristaltic pump through a single nozzle
with air compressor. Flow rate of air was 10 L/min.
> Reaction time in reactor after dropping : 10 min
. > Sieving and washing with tap water * Sieve with net
hi .
Washing * Washing tank
Stabilizd > Stabilizing in 2% (w/v) calcium chloride solution for 15 min * Stabilizing tank
ne > Washing with tap water after stabilizing
Sieving > Sieving for sorting * Sieve with net
e > Sterilizing in boling water at above 90°C for 5 min * Sterilization tank
Sterilizing & . Lo . . .
Cooli > Cooling and dewatering in aseptic room * Sieve with net
e * Aseptic room
. >2nd seasoning with salt, seasonings, flavors and natural |* Seasoning &
Seasoning . ..
preservative mixing tank
. > Bottling with care to avoid biological contamination * Bottle packer
Bottling
* Bottle washer
Boxing > Packaging in carton Box
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S 7FR2F HE SAF AL X% AfHo, Ax dojY, AX lumpfishd 2 ¢
Z GX ¥ A Zzh 1.1, 1.3, 0.6 2 0.4kg/6hr - day2 UeEbgTh 3, AFE FEL F
ko] AA A AAE EYE A 2E Yd Ao A F FEo] Ax M
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Table 5-4. Industrial production procedure of imitation lumpfish roe

Manufacturing

Procedure Equipments
process
. > 0.8% (w/v) sodium alginate solution (150cP) * Stirring tank with
Preparation of . . . . -
solution with > 1.2% (w/v) calcium chloride solution with 1.5% CMC (500cP) water jacket
> Stabilizing solution for capsules * High speed Mixer

raw materials

and additives - 2% (w/v) calcium chloride solution (50cP). Various edible

colorants were dissolved.

>1.2% (w/v) calcium chloride solution with 1.5% CMC (500cP) [* CAP-PO1
was dropped into a well-stirred 0.8% (w/v) sodium
alginate solution using a peristaltic pump through a
Capsulation . . . .
single nozzle with air compressor. Flow rate of air
was 10 L/min.
> Reaction time in reactor after dropping : 10 min

> Sieving and washing with tap water * Sieve with net

Washing * Washing tank

> Stabilizing in 2% (w/v) calcium chloride solution with various

P
colorants for 15 min Stabilizing tank

Stabilizing &

Coloring . . e
> Washing with tap water after stabilizing
Sieving > Sieving for sorting * Sieve with net
. > Sterilizing in boling water at above 90°C for 5 min * Sterilization tank
Sterilizing & . L . * Gj i
Cooling > Cooling and dewatering in aseptic room Sieve with net
* Aseptic room
. >2nd seasoning with salt, seasonings, flavors and natural |* Seasoning &
Seasoning . L.
preservative mixing tank
. > Bottling with care to avoid biological contamination * Bottle packer
Bottling
* Bottle washer
Boxing > Packaging in carton Box
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Table 5-5. Production characteristics of imitation fish roes

Imitation fish roes

Production characteristics
Caviar Salmon roe Lumpfish roe Flying fish roe

Quality aim of Diameter (mm) 3.0 6.0 2.0 1.8
final products Weight (g) 0.02 0.09 0.005 0.003
Nozzles of Inner diameter (mm) 0.52 0.52(5.0)" 0.52 0.52
capsulator Outer diameter (mm) 0.82 0.82(5.8) 0.82 0.82
Nozzles of Inner diameter (mm) - - 5.0 5.0
air compressor Quter diameter (mm) - - 5.8 5.8
No. of droplets per 40 360 360
min (drop/min)
Production No. of droplets per
efficiency? hour (drop/hr) 7,200 2,400 21,600 21,600
Out put per min 2.952 3.564 1.764 1.152
(9/min)
Out put per hour 775, 213.84 105.84 69.12
(g/hr)
Out out per day 4 465 75 1,283.04 635.04 414.72
(g/6hr - day)
Yield of g/zt)er sterilization 160 90 80 90
products After seasoning
(%) 90 90 90 90
No. of Final out put 300 150 150 150
(kg/day)
nozzles to No. of nozzles
out put needed (unit) 196 144 328 447
Flowing air Flowing air amount
amount of air (L/min - nozzle) - - 10 10

compressor

! Quter nozzles. * Per nozzle.

5. M Az @/ F4 A=x AV}

2719 38 B A, & T
Z Y7F= Table 5-67 2t} Al# A 7} st 74
Hlo]e] 9% HA9 beluga(HFF caviar)e} Hlws|A oF 140uf, Q1F dojLd oF 3uf,
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Table 5-6. Estimated production cost of imitation fish roes
(On the basis of bottled product with net weight of 100g)

Lumpfish roe

Items Caviar Salmon roe Flylrl:,)ge gk
Black type Red type

Materials (Won) 17,076 6,562 7,320 7,174 6,525
Raw (Won) (12,845)  (2,331)  (3,090) (2,943) (2,294)
Packaging (Won) (4230)  (4230)  (4,230) (4,230) (4,230)

Labor expenses (Won) 1,122 1,122 1,122 1,122 1,122

Expenditure (Won) 842 842 842 842 842

Production cost per kg 19,040 8,526 9,284 9,138 8,489

(Won/kg)

Production cost of 1,904 853 928 914 849

final product (Won/bottle)
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e 2 0%9] YIMEF §AqS A3 7A=Z AR
HAF AF =Z7= 9 1.8mm, =FS <F 0.03g/70 o] AT
o} FUstn, WAL 0.6kg/6hr - day (=F MY 71F), F
8499¢/100g .2 AlF HA FXY uivl oF 114 FFo2 et 33, Adx
lumpfish <] = Q1x dojg Axe Ao Ax 2d E diF A 3o 5Y
shu kg3t FAHOA MAE nAHIEAT o W HF AFY HFHL AV ¢

& 7 < A

on, EAZZY Ay BHdS 93] 1.5% (W) CMC 2 ALAAZ f3ks A3t
1
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sle)m, 7 FE&Hof] ZFols HUsA Eell A A4S YT & Atk (Masayuki
5, 2001). =3 R0 EAe AA HEes FAHSe THol JdeoH, Hrvt =2 1
A AEx AEd & 5 Qe FHES AYa JukBlandino 5, 1999)

mEtA] B A A= calcium alginate gelS ©]&3t9] DHA % EPAE i3t 3
= ofFE Feslsle] 1 SAS Aunrgton, oyt P& S dFE vA= W
Tl oAFe H7F HE, AEes AxsH] A £FEAY GeiEE, 18 §EEEH 9
WEEEE F& MEEUEANS AREste] HAsbsidh e HASE xR e
< Axst s Wiol 28 off9 AGAFAEAS AHEUT

1. 434

7l A=

2 Aol A ARES
ZLf<l QetE Abs3te
A ZAFE A3

Y F&B FdFZA FHH FxH 7HEFA Yo

S 27, &2k 24 9 winterizations AX A ZF

r°*' r[r

. 73% ?ﬂlz 27
e AZE A% Ag2AM e ¢ EF(Katayama Chemical Co., Ltd., Japan), ¥
T Oﬂﬁ‘r% (Yakurl Pure Chemicals Co., Ltd., Japan) & Z}=2E A w|Z A E 2 Q »~(Katayama
chemical Co., Ltd., Japan)ES A}-&3}it}.

7h A Az

offre H & wWE e SA4S FotR7] 95t JlERAWMIAERZLA
(carboxymethylcellulose, 1.5%, w/v)¢t &3Z(1. 26, w/v)E Efste 7“§} 7} A
o) o2 747} 10, 20, 30, 40 Z 50%(w/w)e] Vo] HEZ Hrlshe] FRa] mwr
Atk o] E3HEAE peristaltic pump(Cassette tube pump SMP-23, Eyela, Japan)E
&3t =2 dZAH e HEE FEMA 3mm)E F3t FEHEWHEA UGUE
F(08%, w/v)&do]l & W] "ol whgXE IHAITIHA FHE3sidn

R
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caCl,'+ CMC

Fish Oil

Fig. 6-1. Simplified schematic diagram for the preparation of
the experimental capsules using single nozzle.

JiL

Fig. 6-2. Simplified schematic diagram for the preparation of
the experimental capsules using double nozzle.
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%, olfr AL A% AED ool o 33mgol 2R 50mgel P 15749 AES
Hlz2x FH Qb Y& F 37ColA AZstHA A8, HEststA 2 o
E rlo]a2u e o] &3le 50mge olME2TEN <o Pu AFsgrh o w, o)
AES geagor A% A€o WY HYE %) A5k 05mle] TR AES
w0l AU AFsignh =3 2ol 2 g3 4P TE ah=se] 1 P
EFAAE Fale] RO gk

of. Mg ET 4

AE AxA G 2t 2dE50] Az Ao AWF FFLe vIN=7tE Gotrr] §13)hd
olf-o H7b g, AEL Az AR EFEAY Jagx, 12T g mut
55 77t gelsdd UEe Az, 1 54 AT F HIEARAYS
olgdtal AL AxA AL W}t Y& oW FFL FAEANS Yolr T

2. A

fFrolab 28-S SAS =S ARESY] ANOVA Test$t Tukey’s Studentized
Range TestE AA3}ow, 7 A3 Sigma Ploto 2 YERHSATH

ol-&stod 37FA Fadakelfrel WM, HEIE
ol Aol &7zt &de] wEE)E SHHSE A
H r

Abgste] BEAsth w3 2 A3E Maple-6

Lol% A& Az 54

7t e 327 2 95

2 FFY HUMHIEE 2t AxS A& AvE SHT A, Fig. 6-3°]
A BE AT o] 10~40%9] HIENME 5% FoFEoA & 2polrt YEh}A @ikt
TS FAHeR HoS of wxod mE HE A717F 3mm WeolA & 9 AolE
U A e AoZ el A b7/ Hrie] gdeizitta stojetxs & A7)
e & FFES VAA Fe AR B

oA 9] A Fig. 6-4014 B npe} o] 7b zhe] wheh oFkel Aole YAA
9hooF 90m W elo] BEAE JHAE AR dEwon, fojx HA A, 5% o
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webA] A b HIUMRIES Ao AVIv HEAe S AY PAA &
O B 5 e, o133 A Blandino et al.(1999)9] Aolx B}3
, calcium alginate gel capsule A ZA] Z-g3 L712ke] Fwxo] welr] & 2549}
7]7} g, ¢4 FEVF EE4E, A Y %Eﬂ ESTE UF -
&9 A% AR skt E3H Blandino et al.(2001)2 ZH5 7k &7141He]
O}Hi‘r At zhgo] dojuhs WhEAITl Wt e ZVe 9
R, ¢33 2459 F27F Y A whEAIgte] HAojHd met AL
ARA L, A71% ARG &3t

SRR, B Ao s 4714k FEE 0.8%, %Hﬂ =T E 1202, ¥SA7HS 3
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Capsule diameter(mm)
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Addition ratio of fish 0il(%)

Fig. 6-3. Diameter of fish oil-capsules as affected
by the addition ratio of fish oil.
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Fig. 6-4. Membrane thickness of fish oil capsules
as affected by the addition ratio of fish oil.
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Fig. 6-5. Sphericity of fish oil capsules as affected
by the addition ratio of fish oil.
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Fig. 6-6. Rupture strength of fish oil capsules as

affected by the addition ratio of fish oil.
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Fig. 6-7. Deformation depth of fish oil capsules as

affected by the addition ratio of fish oil.
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Fig. 6-8. Fish oil concentration per fish oil capsule
as affected by the addition ratio of fish oil.
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Fig. 6-9. Specific gravity of fish oil capsules as
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30% 40% 50%
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Table 6-20 YERH AT}

o] AxE o]g3ty WERUEANS 3 Ay, WSRUEANY HAPFE y
-4518.792593 + 0.630972X; + 742.916667X, + 32.054722X5 - 0.011056X;> - 2.208333X;X, +
319.444444X,° - 0.002083X1Xs - 2.000000X,X3 - 0.055722Xs°= el o™, o|wjo] AA
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HE offel H7ME 21.62%, £F-E-ANe] HelEE 0.060ml/sec, 14 -fe] wukELE

285.34rpmo.2 el o H, ojuf o] TP AT 95.02%= LIENSTH
St A 5(1995)0] ZFZ3 niel o] gPEo

2 27] 98] WEAEA

Fig. 6-12& 471 §949 WAEEE DT 5T EFEAY Fah5Es} off9 H
Hulgo] Aeel TAAFO WAL G GolE Aolth TPl B wpe} go] &
FgAe Galsst 2AB5E, R ArhuEe] FATST A TR F
e & 4 Ak o aUze 1278 B W EFEA FAEERT o] f9
A7pulgol o ol 7124 UE ACE Mo} ofd Hrhugol A& TS
42 9%e 0t AL ¢ 4 Ao

Table 6-1. Coded levels for independent variables in developing experimental
data

Coded level

Coded X; Variable
-1 0 +1
X1 Fish oil concentration (W/W) 20 30 40
X2 Flow rate of mixed solution (ml/sec) 0.03 0.05 0.07
X3 Rotation speed of alginate solution (rpm) 260 280 300
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Table 6-2. Response of independent variables to the experiment for the
encapsulation of fish oil

Independent variable

Run number Sphericity (%)
X Xs X3
1 -1 -1 -1 52.1
2 -1 -1 0 89.2
3 -1 -1 +1 82.0
4 -1 -1 54.0
5 -1 0 92,5
6 -1 +1 84.0
7 -1 +1 -1 61.0
8 -1 +1 0 95.8
9 -1 +1 +1 86.0
10 0 -1 -1 46.2
11 0 -1 0 81.0
12 0 -1 +1 76.0
13 0 -1 51.0
14 0 0 86.0
15 0 +1 78.0
16 0 +1 -1 54.0
17 0 +1 0 89.0
18 0 +1 +1 80.0
19 +1 -1 -1 38.6
20 +1 -1 0 73.6
21 +1 -1 +1 69.5
22 +1 -1 46.0
23 +1 0 77.3
24 +1 +1 65.0
25 +1 +1 -1 41.0
26 +1 +1 0 83.9
27 +1 +1 +1 71.0
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Fig. 6-14. Sphericity of the fish oil-capsules. Addition ratios of fish
oil were fixed.
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Table 6-3. Response of independent variables to the experiment for the
encapsulation of fish oil

Independent variable Amount of fish oil per

R b
un number capsule (mg)

Xi X, X3
1 -1 -1 -1 14
2 -1 -1 0 2.9
3 -1 -1 +1 2.5
4 -1 0 -1 1.1
5 -1 0 0 2.8
6 -1 0 +1 24
7 -1 +1 -1 0.9
8 -1 +1 0 2.7
9 -1 +1 +1 2.2
10 0 -1 -1 18
11 0 -1 0 3.6
12 0 -1 +1 3.2
13 0 0 -1 15
14 0 0 0 3.4
15 0 0 +1 3.1
16 0 +1 -1 14
17 0 +1 0 3.3
18 0 +1 +1 2.9
19 +1 -1 -1 2.2
20 +1 -1 0 3.9
21 +1 -1 +1 3.6
22 +1 0 -1 2.0
23 +1 0 0 3.8
24 +1 0 +1 34
25 +1 +1 -1 17
26 +1 +1 0 3.7
27 +1 +1 +1 3.3
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Table 6-4. Response of independent variables to the experiment for the
encapsulation of fish oil

Independent variable

Run number Encapsulation efficiency (%)
Xy X, X3
1 -1 -1 -1 24
2 -1 -1 0 65
3 -1 -1 +1 62
4 -1 0 -1 19
5 -1 0 0 70
6 -1 0 +1 67
7 -1 +1 -1 16
8 -1 +1 0 68
9 -1 +1 +1 65
10 0 -1 -1 26
11 0 -1 0 68
12 0 -1 +1 65
13 0 0 -1 21
14 0 0 0 74
15 0 0 +1 69
16 0 +1 -1 18
17 0 +1 0 71
18 0 +1 +1 68
19 +1 -1 -1 22
20 +1 -1 0 63
21 +1 -1 +1 60
22 +1 0 -1 17
23 +1 0 0 68
24 +1 0 +1 64
25 +1 +1 -1 14
26 +1 +1 0 67
27 +1 +1 +1 63
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Fig. 6-21. Storage stability of fish oil capsule.
Storage temperature was 37 C.
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with single nozzle. Storage temperature was 37 C.
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Fig. 7-1. Diameter of chondroitin sulfate capsules
as affected by the concentration of chondroitin
sulfate added.
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Fig. 7-2. Membrane thickness of chondroitin sulfate
capsules as affected by the concentration of
chondroitin sulfate added.
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as affected by the concentration of chondroitin
sulfate added.
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Fig. 7-4. Rupture strength of chondroitin sulfate

capsules as affected by the concentration of
chondroitin sulfate added.
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Fig. 7-5. Deformation depth of chondroitin sulfate
capsules as affected by the concentration of
chondroitin sulfate added.
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Fig. 7-6. [Encapsulation efficiency of chondroitin
sulfate capsules as affected by the concentration of
chondroitin sulfate added.
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Fig. 7-7. Chondroitin sulfate  concentration per
chondroitin  sulfate capsule as affected by the
concentration of chondroitin sulfate added.
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Fig. 7-11. Total sugar contents of extracts by acid
extraction with and without CaCl, treatment from
various brown algae. A; Leaves of Undaria pinnatifida, B;
Sporophylls of Undaria pinnarifida, C; Laminaria japonica,
D: Eisenia bicyclis, E; Ecklonia cava. Extraction conditions;
pH 1, 70°C, 3 hr, 30 volumes(v/w) of water amount.
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Fig. 7-12. Yields, total sugar, uronic acid and sulfate
contents of extracts by different extraction methods
without CaCl, treatment from sporophylls of Undaria
pinnatifida. A; Hot water extraction, B; Acid extraction.
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Fig. 7-13. Yields, total sugar, uronic acid and sulfate
contents of extracts by different extraction methods with
CaCl, treatment from sporophylls of Undaria pinnatifida.
A; Hot water extraction, B; Acid extraction.
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Fig. 7-14. Total sugar, uronic acid and sulfate contents
of acid extract from sporophylls of Undaria pinnatifida as
affected by CaCl, concentration.
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Fig. 7-15. Total sugar, uronic acid and sulfate contents
of acid extract without CaCl, treatment from sporophylls

of Undaria pinnatifida as

added.
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Fig. 7-16. Total sugar, uronic acid and sulfate contents
of acid extract with CaCl, treatment from sporophylls of
Undaria pinnatifida as affected by water amount added.
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Fig. 7-17. Total sugar, uronic acid and sulfate contents
of acid extract without CaCl, treatment from sporophylls
of Undaria pinnatifida as affected by pH.
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Fig. 7-18. Total sugar, uronic acid and sulfate contents
of acid extract with CaCl, treatment from sporophylls of
Undaria pinnatifida as affected by pH.
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Fig. 7-19. Total sugar, uronic acid and sulfate contents
of acid extract without CaCl, treatment from sporophylls
of Undaria pinnatifida as affected by temperature.
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Fig. 7-20. Total sugar, uronic acid and sulfate contents
of acid extract with CaCl, treatment from sporophylls of
Undaria pinnatifida as affected by temperature.
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Fig. 7-21. Total sugar, uronic acid and sulfate contents
of acid extract without CaCl, treatment from sporophylls
of Undaria pinnatifida as affected by extraction time.
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Fig. 7-22. Total sugar, uronic acid and sulfate contents
of acid extract with CaCl, treatment from sporophylls of
Undaria pinnatifida as affected by extraction time.
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Fig. 7-23. Yield, total sugar, uronic acid and sulfate
contents of crude fucoidan fractionated by molecular
weight(MW) from sporophylls of Undaria pinnatifida. A;
MW>30 kDa, B; 10 kDa<MW<30 kDa, C; 3
kDa<MW<10kDa, D; MW<3 kDa.
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Fig. 7-24. Diameter of fucoidan capsules as affected by
the concentration of fucoidan added.
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Fig. 7-25. Membrane thickness of fucoidan capsules as
affected by the concentration of fucoidan added.
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Fig. 7-26. Sphericity of fucoidan capsules as
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Fig. 7-29. Total sugar concentration per fucoidan capsule
as affected by the concentration of fucoidan added.
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Fig. 7-30. Photography of fucoidan capsules prepared by
different concentration of fucoidan. x40(BX-50, Olympus,
Japan).
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Table 7-1. Physical properties of capsules containing various nutraceuticals

Nutraceuticals'

Characteristics of capsules

Vitamin C Beta carotene

Heme-iron

Squid ink

934.4

265.2

Amount per capsule (¢g)

3.23+0.23 3.57+0.15 2.64+0.17

2.84+0.09

Diameter (mm)

84.83+8.50 74.83+6.65 91.20+0.06

84.80+0.03

Sphericity (%)

9.47

15.24

Encapsulation efficiency (%)

3.44+0.29 1.83+0.44 2.28+0.52

1.85+0.33

Rupture strength (Kg)

1.40+0.16 1.10+0.18 1.10+0.07

0.98+0.04

Deformation depth (mm)

227.5%7.8

249.0%£26.5

Membrane strength (¢m)

! Nutraceuticals were added to the calcium alginate solution by the concentration of 1.0%
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o. BAA
Foa AL SAS TR WS AL&3te] ANOVA Testé} Tukey's Studentized Range
TestE AR om, 1 A3+ Sigma Plote.2 e AT

A3d A4 % 17

LA 471 fHe FF Ax =4

T84 Al A7~ AAE AEsetr] A HAH Ax 20S FHEE7] g 468 A
d Axe oS3 2o Jl2EANAAEE Q ~(1.5%, wiv)St d3H2<4r(1.2%, wiv)S 3
fate Azt JtuA §d A A7|AE 10, 20, 30 © 40%Y FEHE FHrlele] FE3)
Iﬂ&?‘f}‘?ﬂ’\i AP FHE 53} peristaltic pump(Cassette tube pump SMP-23, Eyela,
Japan)Z AFH o2 Asl 7|AAd GUNLIEF(0.8%, wiv) §Ho] &7 wak wk-g-Zuol
=F %”4:% Astste] AgststAtt. whEZol A ¢ t&%*lﬂ% 5% 02 3stf1om, 15
A% & AE &ty &AERY Hes T F, Aol FE Hd9
FAMGEFS FA }04 A AL AstZE (2%, wiv) &l %‘—TLO% HPSA A PF =
A AFstHA AP AHEeATh AFES =& Y2 0.52mm(MN-21G), pump

[e]

o
< 0.05ml/sec, Iﬂ‘ié.: 150rpm, GelAE & =& Adoz Ry INAUEF &4 AW

7kA 9] AgZA 15ecm=z 3t
2. A d7l& ey Ax 54

7hA A7A FEC ©E fAEY =2

WeEe] A7e 4D [E9 %73% =73 8}04 1+E}u1°i~rﬂ A7 s=7 S7He

of et 1 A7l FUkstReH, 3
e oF 3.0~6.0mm FEZHA 20%
Ao 2 Yelt (Fig. 8-1 #x). #& HFAY Fee A/bs=rt S748el g 24
e A4S Yehiden, 7 HrbsE FbellA Az A B B AhFig. 8-2
2 Azrb A AHollon, o] g

AVEErt SRS AAste 43 gadte S BHAh ole Adr|zd

" AE Awel Ag 40 433 A AE= = AR AZET(Fig. 8-3 B 87

3w
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B, Al Ahssd e gae B4

7} Bt FATSE Faste 39S deige 9

191 Ahol7k glo] 10% Hbsme] Bgol wls F43 gaste A i o
5

et §243 gastgon, 1 WAt o 10~Lemme] ¥ 9
A%z vFe] A 97129 B, Bk FAF wet geyol gasty sty 4
& B4S AUE Aoz wnuwyg

oA dNNs sxo] BE fAedes 2

£ 4
Fig. 8-62 7l 9471 Hrbs=dl wE Aestes] Wsts dvE 23RN, Has

sold 7 dEV AesHe AES Uele o, dFolA & & URol 7t
TE7F S wel fAeste Ao AAdHom F43] Faste] 20% oo HbE
ol AEstE2 50% olste] FEORE AststA=d, 40% F=S 49, HE 10%

o
SAT Ad HWUbsE 20%7hA SUbshe A@eley 1 ol tAl 48t
Al Fasgeh 20% W7be=e A, W oF 300uge] FFFS HeERHIT (Fig. 8-7
8-82 A 47|29 7 Hrbe=d fao] dvld A ARIE vEkd Aol

oste] FEolth BW, AE VIF Ar)s gwe wuns) A8 A& o zu
o =

AB

AB

Capsule diameter(mm)
==

0 ] ] ] ]
0 10 20 30 40 50

Concentration of crab extractives(%)

Fig. 8-1. Diameter of crab extractives capsules as affected
by the concentration of crab extractives added.
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Membrane thickness(pum)

150
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0 10 20 30 40 50

Concentration of crab extractives(%)

Fig. 8-2. Membrane thickness of crab extractives capsules
as affected by the concentration of crab extractives
added.
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Sphericity (%)

40

20

Concentration of crab extractives(%)

Fig. 8-3. Sphericity of crab extractives capsules as
affected by the concentration of crab extractives added.
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Rupture strength(kg)

-]

Concentration of crab extractives(%)

Fig. 8-4. Rupture strength of crab extractives
affected by the concentration of crab extractives added.
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15
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Deformation depth(mm)
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Concentration of crab extracts(%)

50

Fig. 8-5. Deformation depth of crab extractives capsules

as affected by
added.

the concentration of
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Encapsulation efficiency(%)

=]

Concentration of crab extractives(%)

Fig. 8-6. Encapsulation efficiency of crab extractives
capsules as affected by the concentration of crab
extractives added.

w

=3

=l
T
=]

200

Crude protein (p g)
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Concentration of crab extractives (%)

Fig. 8-7. Crude protein content of crab extractives
capsules as affected by the concentration of crab
extractives added.
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10% 20%

30% 40%

Fig. 8. Photography of crab extractives capsules prepared by
different  concentration of crab extractives. x40(BX-50,
Olympus, Japan).

AHEE I e Al Q712 A5 Aest HH x
o) 2 1.5%(w/v)e] CMC
Ff3HE L2%wh) e A8t A4S Ag stwAR, 0.8%wiv)e E] J”rE% &
= A3} 7IARE AHEEeH, ojw A o 4
Aok WEZ} FHO AR =28 @Y =224 §55 0.05ml/sec, HFEEE 150rpm
HHe] Y3tAYE 156cm=z AT 1 A AxE A 7| HAEe A7) WHee
3.0~6.0mm=4 20%%} 30%] %7} TE FAA BATA] FoAtE § a9a,
A= 185~270um, 7B 52 45~85% HLE UENAT dH, Heo E4d o]
e dE73=7F 1.0~35kg, FEAEE 1.0~1.6mm B S YeR AT AE3E&S H7}
SE7F S g wet A9 HHAF R st 20% o] H7F FECA of 50% o]t
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Mo & 7[ad HE HMEQ M= 7[= W

A1&d A E

HT AYE A &AY Fort e BAZ AA 53 Foll usere] 870l o3 A
A2 9 7S $83te vl=(bead)d A AAE A=A A, o]H S HI=F bead
AFY Fo= FUoAT 34 SF2E H7HEo2 |k 6008 ©)de AFTFEE 7f
Ae A2 FAHM, &% e HE= 7|eA8S FUH &A AFY F87F & A
o=z goEo

HEe AeAzee BE 2% Mot F7ARS e Ast 71AQ GUdUE
F E9S AEs X BAF =5S T A tuARl S2EAMAAEZ 0 A3
Zg E4E&H Hatetd Azxdtes WHOR WHZAA Asrt JPEo] H=Fo|
B AY AFS AT F JAdA 1 F AE F=).

old] 7154 HIE AFY Ax 54 79 F oF A 38 gy gE FAA
BAs B3t 94 $87eS MEstat s

Al23d A5 L WY
1. 4¥8A=
HE AZE 93 As2H e fBae AxA ALEsteE 23 7149 7tuAe 593 &

712} E F(Katayama Chemical Co., Ltd., Japan), ¥4 $3}Z-<(Yakuri Pure Chemicals Co.,
Ltd., Japan) ¥ Z}=2EA)u @A E 2 @ 2~ (Katayama chemical Co., Ltd., Japan)Z A}-&33 o

2. AEWH

NEst AAS $88te] H=d A 22 Az HEs PEARdE wigE
2% Aol FNAES HHE A JAYd VAU EF 98 AEd FH o BEAle
ZS 58 Ast stuwAQ] N2EANAAEZ QA A3 STE A FElEte] A X3}
Atk olu, A& AXA L FAEA 2087 2%(wiv) B3tZE LA A AT T
A, A & st A z3A T
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I 2o AY7TAR 2AVF FRHEES 3 FeE, O AX FAHL 2% UMY EF
S 29, EYhFad @ 2njx 7|sxo] wet 4 HA ALE FHo| E35Y]
AZ 55 243 &d0 MU EFH 7Y s59 934w £49S Y =574
3.0mn, 217 5.0mn)E 23}l 2% G3tdE fHo] 1A7F o)A SHHFAIZ T FAE

o) PZAMIEF Goo] EPADHA 2% oheh ol 7154 2A1E A7l HE
M= AFRe] A EHol HER S A% AsHAviFig 91 F2).

Fig. 9-1. Bead type products with various colors.
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F AAS AAgte] ZR 743, AN 5
A Z, 2 2ddAeE =5 UI%
Zo] AL 3kgbhr - dayo.Z JERGEH, fE AZRAYGE 24 nEsEn
FIFES A WA ol BFEo| Wi, Aol A UEd ASFE Holed], o
AERdY dxold AFed vud A9 o 3 o|Fow e Aotk ¢4, AF F
T3 A A A3E EdE F383% Aoz oF 70%= YEETh 49
500kg®] AlF 4k 8 =F FE 262 FAHHAT
9, B AEF F4 AxA7ME kgD 1,500~2,0009 02 AL, 71E AH
34 27 =2ES AT AFH vud F¢ o 129 FFo 2 YT
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=
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" FTolA 1z st FES 23
sttt ojuf AJAHF-S 3.0kgl6hr - day(*=
1,500~2,0009/1kgo. 2 AlH sAQ T

2 tin can
e 719),
EE A 7t

[N ot

Table 9-1. Industrial production procedure of bead type products for yoghurt

Manufacturing

Procedure Equipments
process
> 2.0% (w/v) sodium alginate solution (2,000cP) * Stirring tank
Preparation of - Colorants, glutinous starch syrup, isolated soybean protein | withwater jacket
solution with and functional ingredients were dissolved * High speed Mixer
raw materials > 2.0% (w/v) calcium chloride solution without CMC (50cP)
and additives > Stabilizing solution for beads
- 2.0% (w/v) calcium chloride solution (50cP)
>2.0% (w/v) sodium alginate solution was dropped into a |* CAP-POl
Preparation of well-stirred  2.0% (w/v) calcium chloride solution using a
Beads peristaltic pump through a single nozzle.
> Reaction time in reactor after dropping : 10 min
Stabilizi > Stabilizing in 2.0% (w/v) calcium chloride solution for 1 hr * Stabilizing tank
g > Washing with tap water after stabilizing
Sieving > Sieving for sorting * Sieve with net

1st Sterilizing

> Sterilizing in boling water at above 90°C for 5 min
> Cooling and dewatering in aseptic room

* Sterilization tank
* Sieve with net
* Aseptic room

) > Control the water content of beads product at room
Dewatering
temperature for 12 hr
> Tin canning with care to avoid biological contamination * Bulk packer
Packaging g 9 P

2nd Sterilizing

> Sterilizing in boling water at above 70°C for 1.5 hr
> Cooling in cold water

* Sterilization tank
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Table 9-2. Production characteristics of bead type product

Production characteristics

Bead type product

Quality aim of Diameter (mm) 4.0
final product Weight (g) 0.07
Nozzles of capsulator  Inner diameter (mm) 3.0
Outer diameter (mm) 5.0
No. of droplets per min (drop/min) 120
No. of droplets per hour (drop/hr) 7,200
Production efficiency’  Out put per min (g/min) 8.4
Out put per hour (g/hr) 504
Out put per day (g/6hr - day) 3,024
Yield Yield of final products (%) 70
No. of nozzles Final out put (kg/day) 500
to out put No. of nozzles needed (unit) 236
' Per nozzle.
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2. 71 279 Sed3 TR

@ 20023 FFAF 753 A68xt FLHEI (29)
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O Wi =&
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- ZERHFAS ol 88 J15A AL Ax

P1=12 P1-12
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@ 20012002 FABATE) FFI&U 3 (@49)
O ¥Al/74 2001, 05. 11/ H54H-18-91, 2001. 10. 19/ et 2
2002. 05. 17/ 73 ) &kl
O %% =%
- e nFA AFRANH Y Ax
- Calcium-alginate gelS ©]-&3+ DHA<| 33}
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