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SUMMARY

I. Title
Studies on the development of utilization technology of aquacultural

seaweeds

II. Objective and significance

Production of domestic seaweeds has increased dramatically in the
past decade and 717,233 ton were produced in 1994. Among seaweeds,
Porphyra, Undaria and Laminaria are dominant products amounting to
02.3% of total seaweed production and also expected to increase in the
following years by the development of aquacultural technology. But
these domestic seaweeds have used as simple processed products such
as raw, frozen or salted type and have no advantages of low priced
seaweeds of other conturies, threatening domestic seaweed industry.
Thus, research and development of various seaweed processed foods
are required for the consumer’s attractiveness and enhancement of
consumption and finally strengthening advantages of them. This study
was intended to develop lactic fermented foods and healthfull tea
(seaweed-tea) using seaweeds such as Porphyra, Undaria and

Laminaria.

III. Contents and scope

1. Development of lactic fermented seaweed product.
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1) Investigation of factors, such as, moisture content, salt concentration
and temperature, affecting lactic fermented seaweeds, for their optimum
conditions.

2) Investigation of treatment conditions of acetic acid and calcium
chloride solution for improvement of texture and flavor in lactic
fermented‘ seaweeds.

3) Investigation of functional properties and nutritional components of
lactic fermented seaweeds.

2. Development of healthfull tea with seaweeds (seaweed-tea).

1) Investigation of pretreatment conditions of powdered seaWeeds for
the improvement of its functional properties and tastes.

2) Optimum formulations for seaweed-tea.

3) Optimum particle size and yield of seaweed-tea.

4) Investigation of functional properties and nutritional components in

seaweed-tea.

IV. Results

1. Development of lactic fermented seaweed product.

1) The fermentation of seaweeds with complex lactic acid bacteria
(Leuconostoc mesenteriodes, Lactobacillus brevis and Lactobacillus
plantarum) were less progressive than of agricultural sources.

2) Lactic acid fermentation of seaweeds were affected with factors
such as salt concentration, water content and temperature, slowly
occurred with the increase of salt concentration and the decrease of

water content and temperature. From the physico-chemical factors



(lactic acid bacteria, pH, total acidity, sensory evaluation), it was
concluded that the optimum conditions were 3.5% salt concentration
and 90% water content, for lactic fermented seaweeds.

3) For improvement of texture and flavor in lactic fermented seaweeds,
acetic acid and calcium chloride solution were used with the treatment
agent. Quality was improved with the treatment of acetic acid in
Laminaria, and of calcium chloride in Porphyra and Undaria.

4) The optimum formulations for lactic fermented seaweeds consisted
of 1.096 radish, 2.5% red pepper powder, 1.8%6 garlic, 0.7% ginger, 5.0%
soysauce, 0.3% sugar, 0.2% monosodium glutamate and 1.4% -salt in
88.196 each seaweed.

5) Fermentation time of seasoned seaweed products treated with
optimum conditions was 4~6 days at 25C. Quality of products was in
the order of Porphyra > Undaria > Laminaria.

6) During the fermentation, the contents of sucrose and glucose in free
sugar, citric acid in non-volatile organic acid, and, arginine and proline
in free anino acid decreased, but lactic acid and glutamic acid -
increased. In addition, porphyran and fucoidan, functional components,
were detected in Porphyra, and, Undaria and Laminaria., respectively.
The vield and molecular weight of porphyran and fucoidan were 18.8
~23.0% and 400,000 in Porphyra, 4.6~75% and 300,000~500,000 in

Laminaria., respectively.

2. Development of healthfull tea with seaweeds (seaweed—tea).

1) For optimum treatment conditions of Porphyra in seaweed-tea,



fresh wet Porphyra was washed with seawater for 12 hours and
freshwater for 30 minutes at 10C, dried at dryer of 5C(£2T) until
the moisture content was kept 5% below, crushed into 30 mesh in
particle sizes and then roasted for 3 minutes at 120C.

In addition, for Undaria and Laminaria, fresh wet samples were
washed with seawater followed freshwater, dried at dryer of 50C(%x2
T) until the moisture content was kept 40~50% level, treated for 40
minutes at 120C in retort heating, dried and crushed into 30 mesh,
and finally roasted for 5 minutes at 110C.

2) The optimum formulation for seaweed-tea consisted of 39.2%
roasted brown rice, 55.8% roasted seaweeds (Porphyra / Laminaria
1/9, w/w) and 2.0% licorice root powder:

3) For palatable tea, it was desirable to gain water soluble fraction
with soaking one tea-bag(2g/bag) into 30 volumes of hot water (90*2
C) and extracting for 3 minutes. Optimum particle size and yield of
seaweed-tea were 18~30 mesh and 20%, respectively.

4) Nutritional components in seaweed-tea mainly consisted of mannitol
of free sugar, glutamic, aspartic acid, alanine of free amino acid, and
kalium, calcium of mineral. In addition, functional conponents were
comﬁosed of acid polysacchrides such as 2.40% fucoidan and 6.35%

sodium alginate, 7.8mg% taurine and 139.8mg% iodine.
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Table 1 .Composition of plate count agar

PCA Composition(%)
Bacto tryptone 5.0
Bacto yeast extract 2.5
Bacto dextrose 1.0
Bacto agar 15.0
pH 7.2

3) EEs A
22 Al4E bacto yeast-malt extract(YM) WA E A§3lo] Fa5
Ag=s} TAsA 30CTHAA 48~72417 H] Fstd F4E colonyE A3}
Qov] W ZAL Table 25 2th ol Fgolel WAL A&7
&) YM | x]e] IN HCl €45 0.7% H7Fstich.

Table 2 .Composition of bacto yeast-malt extract

agar

Bacto YM agar Composition(g/ £ )
Bacto yeast extract 3
Malt extract, Difco 3
Bacto peptone 5
Bacto dextrose 10
Bacto agar 20
Distilled water 14
pH 3.6




4) Bag A

R4 A= lactobacilli MRS agar me(iium% AFE-3Le] 37T o A
48~7273k W Fstel 49" colonyE AT LM, WA 2AH-L Table
3 3% 2o A4S S AAIERZ AFE Lol &7 Ade A
ol A =& -2 Yell+= bromocresol purple 0.01% H7}sle] =3A& 1}
Bl & colonyE A58kt

Table 3. Composition of lactobacilli MRS agar

Lactobacilli MRS agar Composition(g/ £ )

Bacto proteose peptone no. 3 10
Bacto beef extract / 10
Bacto yeast extract 5
Dextrose 20
Sorbitan monooleate complex 1
Ammonium citrate 2
Sodium acetate 5
Magnesium sulfate 01
Manganese sulfate 0.05
Disodium phosphate , 2
Bacto agar 20
Distilled water 12

pH 6.5

— 28 —
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Table 4 . Working condition for non-volatile organic

acid analysis by HPLC

Instrument @ Waters Associates HPLC system
Column ! Aminex HPX-87H, 300mm x 7.8mm
Mobile phase : 0,008N HyS04
Flow rate : 0.6 mé/min
Chart speed : 0.2 cm/min
Detector : R 1

6) FE%

e
2

zt x AEAF FEF B4 A7) f714 BAX 5281 §
&3t 25mE A -83F3 membrane filter2 #33% HPLCE &

SlAT I B4 ZHE& Table 59 2t
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Table 5 . Working condition for free sugar analysis

by HPLC
Instrument : Waters Associates HPLC system
Column : Aminex HPX-87H, 300mm x 7.8mm
Mdbile phase : Water
Flow rate : 0.6 mé/min
Chart speed : 0.2 cm/min
Detector *R1

7) freEjobrl =t

8 ol BEHEe {74 EAA EE FE9E phenyliso-
thiocynate =X 2 ¥Eo] HPLCEZ EX& %4t £4x27L& Table 6%
2t}

Table 6 . Working condition for amino acid analysis by HPLC

Instrument: HP 1090 HPLC

Column : Aminoquant 2.1 i.d. x 200mm

Solvent : Channel A : 200 uM sodium acetate buffer
containing 0.018% TEA and 0.3
% tetra-hydrofluran, pH 7.2

Channel B : 100mM sodium acetate buffer

containing 40% acetonitrile
and 40% MeOH, pH 7.2

Detector : HP 1046A UV at 254 nm
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Table 7 .Proximate composition of Porphyra., Undaria.

and Laminaria.

(%6)

Seaweeds Moisture  Protein Lipid Carbohydrade Ash
Porphyra. 90.7 34 0.3 1.8 3.8
Undaria. 88.3 2.5 0.2 5.0 4.0
Laminaria. 90.9 1.2 02 4.2 35
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Fig. 1. Changes in total lactic acid bacteria
during fermmentation of Porphyra. inoculated
with mixed culture of Leu. mesenteroides, Lac. -
brevis and Lac. plantarum at 25T
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Fig. 2. Changes ‘in total lactic acid bacteria
during fermentation of Undaria. inoculated with
mixed culture of Leu. mesenteroides, Lac.
brevis and Lac. plantarum at 25C
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Fig. 3. Changes in total acidity during ferme-
ntation of Porphyra. inoculated with mixed
culture of Leu. mesenteroides, Lac. brevis and
Lac. plantarum at 25T
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Fig. 4. Changes in pH during fermentation of
Porphyra. inoculated with mixed culture of Leu.
mesenteroides, Lac. brevis and Lac. plantarum
at 25T
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Fig. 5. Changes in pH during fermentation of
Undaria. inoculated with mixed culture of Leu.
mesenteroides, Lac. brevis and Lac. plantarum
at 25T
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Fig. 6. Changes in pH during fermentation of

Laminaria. inoculated with mixed culture of
Leu. mesenteroides, Lac. brevis and Lac.
plantarum at 25T
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Fig. 7. Changes in total lactic acid bacteria
during fermentation of Porphyra. inoculated
with mixed culture of Leu. mesenteroides, Lac.
brevis and Lac. plantarum at 25T
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Fig. 8. Changes in total acidity during ferme--
ntation of Undaria. inoculated with mixed cult-
ure of Leu. meseniteroides, Lac. brevis and
Lac. plantarum at 25T
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Fig. 9. Changes in pH during fermentation of.
Porphyra. inoculated with mixed culture of Leu.
mesenteroides, Lac. brevis and Lac. plantarum
at 25T



Table 8. Sensory evaluation? of fermented seaweeds added
complex lactic acid bacteria during the fermen-
tation at 25T for 23 days

Fermentation time(days)
Seaweeds = Starter

0 2 4 9 16 23

Control” 1.0 1.0 10 - - -
Porphyra. 3

Lactobacilli 10 15 2.8 3.0 3.2 30

" Control 1.0 1.0 17 2.0 2.0 2.0
Undaria | Coe

Lactobacilli 1.0 2.2 2.8 2.8 3.0 3.0

~ Control 1.0 1.0 1.0 1.0 14 1.3

Laminaria

Lactobacilli 1.0 2.0 25 24 2.0 2.2

D Represented as flavor in sensory evaluation. 5.0 ; very good, 4.0 ; good,
3.0 ; acceptéble, 2.0 ; poor, 1.0 ; very poor.

? Contained 3.0% salt in’seaweed.

¥ Cultivated with lactobacilli, 5%10° Leuconostoc mesenteriod, 5X10°

Lactobacillus brevis and 5% 10° Lactobaciilus plantarum, on ‘the seaweed

with 3.09% salt.
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Fig. 10. Changes in pH of seasoned Porphyra.
during fermentation under different salt conce—-
ntration at 25T
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Fig. 11. Changes in pH of seasoned Undaria.
during femmentation under different salt
concentration at 25T
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Fig. 12. Changes in pH of‘seasoned Laminaria.

during fermentation under different salt conce-
niration at 25T
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Fig. 13 . Changes in total acidity of seasoned
Porphyra. during fermentation under different
salt concentration at 25C
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- Fig. 14 . Changes in total acidity of seasoned
Undaria. during fermentation under different
salt concentration at 25T
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Fig. 15 . Changes in total acidity of seasoned
Laminaria. during fermentation under different
salt concentration at 25C
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Fig. 16 . Changes in pH during fermentation of
seasoned Porphyra. with different moisture
contents at 25T
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Fig. 17 . Changes in pH during fermentation of
seasoned Undaria. with different moisture
contents at 25T
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Fig. 18. Changes in pH during fermentation of
seasoned Laminaria. with different moisture
contents at 25TC



Table 9 .Sensory evaluation® of fermented seaweeds with
various water contents during the fermentation
at 25T for 12 days .

v Moisturé Fermentation time(days)
Seaweeds
content(%) 0 2 4 7 12
&b 3.0 3.0 32 3.2 3.2
Porphyra. 90 36 3.8 4.0 4.0 42
95 24 25 24 2.6 2.6
85 1.8 1.8 2.4 3.0 3.0
Undraria. 90 3.6 3.8 4.2 4.0 3.8
95 24 2.6 24 2.5 2.8
85 1.2 18 1.8 2.0 - 2.0
Laminaria. 90 3.3 35 3.8 36 36
95 2.6 3.0 3.0 2.9 3.0

* Represented as texture in sensory evaluation. Refer to Table 8 .
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Fig. 19. Changes in pH of seasoned Undaria.
during fermentation at 10T and 25T :
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Fig. 20 . Changes in pH of seasoned Porphyra.
during fermentation at 10C and 25C



6.5

-O- 10T
-[- 25T

6.0 |-

0 5 10 15 20 25 30 35
Fermentation time(days)

Fig.21. Changes in pH of seasoned Laminaria.
during fermentation at 10C and 25T
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Fig. 22 . Changes in pH during fermentation of
seasoned Porphyra. with acetic acid and calci—
um chloride treatment at 25T
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Fig. 23 . Changes in pH during fermentation of
seasoned Undaria. with acetic acid and calci-
um chloride treatment at 25C
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Fig. 24. Changes in pH during fermentation of
seasoned Laminaria. With acetic acid and cal- -
cium chloride treatment at 25"C




Table 1Q.Sensory evaluation of fermented Porphyra.
treated with acetic acid and calcium chloride
solution during the fermentation at 25 for 16
days

Sensory” Fermentation time(days)

Seaweeds Treatment
evaluation 0 2 4 6 9 16

Flavor 10 27 31 34 36 36
Control®  Texture 99 31.32 31 33 3l
Overall 29 38 40 46 40 4.0
acceptability ’

: ' Flavor 25 29 32 33 36 38
Porphyra.  Acetic®  Texture 31 34 32 33 33 32
Overall 34 38 35 38 38 36

acceptability
~ Flavor 1.0 27 33 36 38 41
Calcium®  Texture 33 35 38 35 35 34
Overall 30 38 42 43 40 38

acceptability

U Refer to Table 8 . 2 Contained 3.0% salt in seaweed.

Y Qoaked seaweeds in 0.1% acetic acid solution for 2 hours and dehyd-
rated.

Soaked seaweeds in 0.1% calcium chloride solution for 60 second,
washed with fresh water and dehydrated.

4



Table11.Sensory evaluation of fermented Undaria. treated
with acetic acid and calcium chloride solution
during the fermentation at 25C for 16 days

Sensory* ) Fermentation time(days)

Seaweeds  Treatment
evaluation 0 2 4 6 9 16

Flavor 10 25 28 33 37 41
Texture 29 31 33 31 30 32
2)
Control™ (0 oral 98 38 39 40 42 40
acceptability
Flavor 23 26 28 31 35 38
. . Texture 32 35 34 35 34 34
Undraria. »
ndrarig.  Acetic™ o o0 32 33 35 36 36 32
acceptability
Flavor 10 28 31 34 34 36
Caleiung®  Texture 33 37 39 38 37 37
Overall 30 37 40 39 39 36
acceptability

D 20 3. 9 Refer to Table 10.



Table 12 .Sensory evaluation of fermented Laminaria.
treated with acetic acid and calcium chloride
solution during the fermentation at 25T for 16
days

Sensory" Fermentation time(days)

Seaweeds  Treatment
evaluation 0 2 4 6 9 16

Flavor 1.0 25 27 31 39 43

Contro? Texture 28 35.34 34 32 32

Overall 29 31 33 33 30 28
acceptability

Flavor 25 27 29 31 33 37

Laminaria.  Acetic® Texture 32 36 38 37 37 35

Overall 33 31 35 35 33 29
acceptability

Flavor 10 27 33 36 38 4l

Calcium?® Texture 33 35 38 35 35 34

Overall 20 32 33 36 35 30
acceptability

2, B, @ '
D 20 3 4 pefer to Table 10.
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Table 13 .Composition of raw materials for lactic fermen—

ted seaweeds (%)

Materials Porphyra.  Undraria. Laminaria.
Porphyra. 38.1 - -
Undaria. - 88.1 -
Laminaria. - - 88.1
Radish ~ 1.0 1.0 1.0
Red pepper(powder) 2.5 25 25
Garlic 18 18 18
Ginger 0.7 0.7 0.7
Soysauce 5.0 50 5.0
Sugar 0.3 0.3 ‘ 0.3

-~ MSG 0.2 0.2 0.2
Salt 14 14 14
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Fig. 25. Changes in pH during fermentation of
Porphyra., Undaria. and Laminaria. seasoned
variously, with acetic acid or calcium chloricle
treatment at 25T

-(O- Porphyra. treated with 0.1% calcium chloride solution

-[1- Undaria. treated with 0.1% calcium chloride solution
-/A\- Laminaria. treated with 0.1% acetic acid solution
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Fig. 26. Changes in total bacteria during ferm-
entation of Porphyra., Undaria: and Laminaria.
seasoned variously, with acetic acid or calmu:m
chloride treatment at 25T

—-(O- Porphyra. treated with 0.1% calcium chioride solution-
-~ Undaria. treated with 0.1% calcium chioride solution
-/A\- Laminaria. treated with 0.1% acetic acid solution
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Fig. 27 . Changes in total lactic acid bacteria
during fermentation of Porphyra., Undaria. and
‘Laminaria. seasoned variously, with acetic acid
or calcium chloride treatment at 25T

-O- Porphyra. treated with 0.1% calcium chloride solution

-[J- Undaria. treated with 0.1% calcium chioride solution
~-/\- Laminaria. treated with 0.1% acetic acid solution
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Fig. 28 . Changes in yeast during fermentation
of Porphyra., Undaria. and Laminaria. season--
ed variously, with acetic acid or calcium
chloride treatment at 25T

~O- Porphyra. treated with 0.1% calcium chloride solution
-0~ Undaria. treated with 0.1% calcium chloride solution
-/\—- Laminaria. treated with 0.1% acetic acid solution
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Fig. 29. Changes in total acidity during ferme--
ntation of Porphyra., Undaria. and Laminaria.
seasoned variously, with acetic acid or calcium
chloride treatment at 25

-O- Porphyra. treated with 0.1% calcium chloride solution

-O0- Undaria. treated with 0.1% calcium chloride solution
-/A\— Laminaria. treated with 0.1% acetic acid solution



Table 14. Sensory evaluation of lactic fermented sea-
weeds during the fermentation at 25T for 10

days
Sensory" Fermentation time(days)
Seaweeds aluati
evaluahon o 1 2 4 7 10
Flavor 30 3.7 4.3 46 40 34
Taste 35 33 35 40 3.7 3.3
Porphyra. .
Texture 3.2 35 35 3.8 35 3.6
Overall 3.0 3.7 4.1 45 4.0 35
acceptability |
Flavor 3.0 3.8 45 44 40 3.2
Taste 36 35 35 4.3 44 3.0
Undaria
Texture 34 35 38 40 39 36
Overall 35 36 40 45 4.2 3.2
acceptability
Flavor
30 3.3 34 35 35 3.3
Taste '

32 3.3 32 34 40 37
3.1 3.1 30 33 33 34
33 34 34 35 36 39

Laminaria Texture
Overall

acceptability

* Refer to Table 8.
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Table 15 .Mineral composition in seaweeds (mg%)
Mineral
Seaweeds
K Ca Mg Fe P Mn
Porphyra. 1808 275 106 26 320 0.2
Undaria. 1274 651 226 27 267 02
Laminaria. 2071 657 217 25 200 02




Table 16 .Non-volatile organic acid contents in lactic

fermented seaweeds (mg%)
Femleﬁtation Non-volatile organic acid
Seaweeds
time(days) Citric Lactic Fumaric Malic Total
0 75 376 - 45.1
Porphyra. - ‘
4 36 4009 466 15 452.6
0 12.8 ‘ 284 41.2
Undaria.
| 4 90 388 539 1.8 4535
0 9.4 77.8 87.2
Laminaria.
4 19 5018 431 3.3 550.1




Table 17 Free sugar contents in lactic fermented sea-

weeds (mg%)
Fermentation Sugars
Seaweeds
time(days) Sucrose Glucose Fructose® Total
0 92.4 87.6 160.8 340.8
- Porphyra.
4 - - 250.3 250.3
0 42.7 20.4 82.1 145.2
Undaria.
4 - - 309.6 309.6
0 76.3 77.1 170.0 323.4
Laminaria.
4 - - 261.2 261.2

* Possible mixtures of fructose with galactose, mannose, xylose, etc.
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Table 18 Free amino acid contents in lactic fermented

seaweeds (mg%, dry basis)
Porphyra. Undaria. Laminaria.

Free amino

acid 0" 4 0 4 0 4
Aspartic 31.1 0.4 24.1 65.7 0.8 44.7
Glutamic 229 1955 1282 2749 151 3136
Serine 376.1 2468 109.3 2211 121.1 163.2
Glycine 926 931 45.4 76.2 67.1 94.5
Histidine 2717 266 121 . 113 2.7 14.1
Arginine 3905 261 1357 176 227.1 189
Threonine 2485  289.5 96.8  174.7 1700 6104
Alanine 3233 2976 132.1 201.2 2209 3003
Proline 3213 2256 1476 1694 2416  219.0
Tyrosine 151 5.8 24.6 48 19.1 25.6
Valine 159.1  181.2 156.4 1229 160.6 169.4
Methionine 85 3.4 5.6 7.2 75 156
Cysteine 7.1 11.9 3.2 25.0 150 289
Isoleucine 69.6 1204 153.1 78.9 937 1144
Leucine 1509 226.0 278.6 133.0 178.1 1975
Phenyl- 0.9 6.2 63.4 3.9 1159 9.5
alanine ' ’

Lysine 246 339 12.1 22.2 184 20.3
Total 2266,8 1992.0 15283 16100 16746 23599

* Fermentation time(days).
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Table 19 Functional properties of seasoned lactic ferm-
ented seaweeds

Seaweeds Functional Fermentation Yields Molecular Sulfate
materials  time(days) (%) weight (%)

0 188 400,000 11.8
Porphyra Porphyran

4 23.0 400,000 115

0 Trace - -
Undaria ~ Fucoidan '

4 Trace - -

0 75 500,000 -
Laminaria.  Fucoidan :

4 47 300,000 -
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Table 20 .The content of water soluble extract from seaweeds®

(unit : dry basis %)

Extracting time (min.)

Seaweeds
3 5 10 15 20
Laminaria 49.2 49.8 9.7 = 50.8 51.6
(Wild)
Laminaria 49.4 49.6 49.9 - 49.5 50.7
(Cultured) '
Porphyra 27.7 28.2 28.1 28.3 -

Undaria 9.8 10.5 10.3 10.2 -

* The extract of seaweeds was gained with adding 10g of seaweed powder (30 mesh) to 300
mé of hot water (90%2C) and concentrating the water soluble component extracted,



Table 21 .Functional major component and its content
in extracts® extracted from seaweeds

{(unit : dry basis)

Seaweeds Functional Content

component ‘
Porphyran 1.53 %

Porphyra Taurine 170.04 mgx
Iodine 4.22 mgx
Fucoidan 1.09 %

Undaria Alginate-Na 1.18 %
Iodine 7.67 mg¥
Fucoidan 1.28 %

Laminaria Alginate-Na 1.99 %
Iodine 371.25 mgx

* The extract of seaweeds was gained with adding 10g of seaweed powder
(30 mesh) to 300mf of hot water{90+27T), and extracting for 3 minu-
tes minutes and concentrating the water soluble component.
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Table 22 .Changes in viscosity and flavor of seaweed powder under
‘ various roasting condition

Roasting
condition Sensory evaluation'’
Seaweeds Temp. Time Viscosity“ Flavor™’
(t) (min.)
0 45 3.5
Porphyra 120 1 4.0 , 3.0
3 3.0 2.0
5 2.5 4.1(Burnt)
0 ' 5.0 4.0
1 4.4 3.8
Undaria 110 ’
5 3.5 3.0
10 - 2.8 . 4.5(Burnt)
0 5.0 - 4.0
3 4.5 3.6
Laminaria 110
5 3.9 3.2
7 3.0 4_6(Burnt)

Sensory evaluation of roasted seaweed powder was conducted from its soluble fraction:
gained with adding 2g of the powder to 60m¢ of hot water(90+2T), and then extracting
for 3 minutes followed filtering.

5. Extremely viscous, 4: very much viscous, 3: viscous, 2: weakKly viscous, 1: not
viscous

5: dislike very much, 4: dislike moderately, 3: neither liKe nor disliKe, 2: 1like
moderately, 1: like very much .

2}

3)



Table 20 .The content of water soluble extract from seaweeds®

{unit : dry basis %)

Extracting time (min.)

Seaweeds

3 5 10 15 20
Laminaria 49.2 49.8 49.7 50.8 51.6

(Wild)

Laminaria 49 4 49.6 49.9 49.5 50.7
(Cultured)
Porphyra 27.7 28.2 28.1 28.3 -
Undaria 9.8 10.5 10.3 10.2 -

* The extract of seaweeds was gained with adding 10g of seaweed powder (30 mesh) to 300
mé of hot water (90+2C) and concentrating the water soluble component extracted.
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Table 22 .Changes in viscosity and flavor of seaweed powder

various roasting condition

under

Roasting
condition Sensory evaluation'’
Seaweeds Temp. Time Viscosity”’ Flavor®’
() (min.)
0 4.5 3.5
Porphyra 120 1 4.0 3.0
3 3.0 2.0
5 2.5 4.1(Burnt)
0 5.0 4.0
1 4.4 3.8
Undaria 110
5 3.5 3.0
10 2.8 4.5(Burnt)
0 5.0 4.0
3 4.5 3.6
Laminaria 110
5 3.9 3.2
7 3.0 4.6(Burnt)

I Sensory evaluation of roasted seaweed powder was conducted from its soluble fraction:

gained with adding 2g of the powder to 60mf of hot water{90+2T),

for 3 minutes followed filtering.

5: Extremely viscous,

viscous

¥ 5: dislike very much, 4: dislike moderately
moderately, 1: like very much

2)

4: very much viscous,

and then extracting
3: viscous, 2@ weaKly viscous, 1: not

3: neither like nor dislike, 2: like



Table 23 .Changes in L, a and b values seaweed powder.under various
roasting condition

Roasting
condition Color value®
Seaweeds  Temp. Time L a b A4E
(t) (min. )
0 20.2 0.400 2.89 68.9
Porphyra 120 1 20.5 -0.641 4.16 68.7
3 22.3 0.036 5.39 67.0
5 23.9 -0.586 6_84 65.6
0 33.7 -3.510 9.34 56.2
1 32.1 -3.880 9.11 57.9
Undaria 110
5 32.1 -3.880 8.83 57.8
10 30.9 -3.551 8.62 58.9
0 52.7 -0.816 12.0 38.2
3 42.7 0.352 13.3 48.1
Laminaria 110
5 42.2 0.533 13.2  48.5
7 41.4 0.904 13.1 49.3

* L : Lightness.
a : A plus value indicates redness, and a minus value greenness.
b : A plus value indicates yellowness, and a minus value blueness.
A4E @ Total color difference.
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Table 26 .Changes of free amino acid contents in Laminaria with
various pretreatment

(unit : mg%)

AV g2 c®

Free amino acid 5 - -

Content Ratio™’ Content Ratio Content Ratio
Aspartic 241.8 25.8 241.5 30.6 51.0 21.1
Glutamic 306.5 32.7 306.5 33.9 152.1 63.0
Serine 26.7 2.9 11.6 1.5 2.5 1.0
Glycine 21.7 2.3 6.4 0.8 1.2 0.5
Histidine 10.2 1.1 5.3 0.7 1.5 0.6
Arginine 7.2 0.8 2.8 0.4 2.7 1.1
Threonine 21.4 2.3 6.9 0.9 1.4 0.6
Alanine 211.2 22.5  149.4 19.0 11.5 4.7
Proline 50.5 5.4 30.5 3.9 9.1 3.7
Tyrosine 3.1 0.3 1.9 0.2 1.4 0.6
Valine 11.9 1.3 6.6 0.8 1.4 0.6
Methionine 0.5 0.1 0.8 0.1 0.9 0.4
Cysteine 5.0 0.5 3.6 0.5 0.8 0.3
Isoleucine 5.3 0.6 2.8 0.4 0.8 0.3
Leucine 4.4 0.5 2.9 0.4 1.2 0.5
Phenylalanine 6.9 0.7 4.6 0.6 2.0 0.8
Lysine 3.1 0.3 2.2 0.3 0.6 0.2
Total 937.4 100.0 786.3 100.0 241.1 100.0

Dop sample was pretreated with drying fresh seaweeds without washing and crushing,

2 g sample was pretreated with drying fresh seaweeds after fresh water, semidrying
(adjusted 40 to 50% of moisture content), heating in autoclave(121C, 40 min.)
drying followed crushing,

¥ ¢ sample was pretreated with drying fresh seaweeds without washing, soaking in tap
water (lhrs), dehydrating(adjusted 90 to 95% of moisture content), heating in autoclave
(121C, 40 min.), and drying followed crushing,

o Expressed as content percentage of free amino acids in each sample.

and

3
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Table 27 .Effects of roasted brown rice for masking of off-flavor
.in water soluble fraction extracted from seaweeds

Roasted Seaweeds ( Porphyra

. L S tion
brown rice / Laminaria : 3/7) “°°S°TY evaluation

.Strongly off-flavor
1 3 (derived from seaweed)

.Lightly off-flavor
2 3 .Tasty (derived from roasted
brown rice)

3 3 .Strongly tasty

4 3 .Strongly tasty

All values were expressed as ratios of roasted brown rice to seaweeds(weight to
weight).

Sensory evaluation of the mixture was conducted from its soluble fraction:

gained with adding 2g of the mixture to 60mf¢ of hot water(90X*2T), and then
extracting for 3 minutes followed filtering.
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Table 28 .Effects of licorice root for masking of off-flavor in water
soluble fraction extracted from seaweeds

Seaweeds( Pdrp— . .
Roasted . . Licorice . %
. hyra/Laminaria Sensory evaluation
brown rice root
1 3/7)
2 3 0.05 .Slightly thick and tasteless
2 3 0.10 .Slightly sweet
2 3 0.20 .Strongly sweet
2 3 0.40 .Strongly sweet

* Refer to Table 27.
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Table 29 .The ratios of Porphyra to Laminaria for preparation of sea-

veed-tea’
Porphyra Laminaria Sensory evaluation®
.0ff-flavor (derived from La-
0 10 ..
minaria)
.Tasty and slightly off-
1 9 :
flavor
.Slightly off-flavor (derived
2 8 from both Porphyra and Lam-
inaria)
.Strongly off-flavor (derived
3 7 .
mainly from Porphyra)
.Strongly off-flavor(derived
4 6 .
mainly from Porphyra)
5 5 .Strongly off-flavor (derived

mainly from Porphyra)

* Seaweed-tea was temporarily manufactured as the mixtures of 2g of roasted brown rice,
0.1g of licorice root powder and 3g of seaweeds{Porphyra/Laminaria).

* Refer to Table 27.
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Table 30 .Formulations for seaweed-tea
(unit : dry basis, g)

Seaweeds

Roasted brown rice Licorice root
Porphyra Laminaria

2.0 0.3 2.7 0.1
(39.2) (5.9) (52.9) (2.0)

Values in parenthesis were expressed as weight percentage of seaweed-tea
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Table 31 .Water soluble content of seaweed-tea
cle size '

with several parti-

(unit : dry basis)

Seaweed-tea

L Particle size(mesh) Content(%)*
composition
8 18.2
Roasted brown rice / 18 20.0
Seaweeds / Licorice
root =2 /7 37 0.1 30 20.8
50 20.1

Seaweed-tea was composed of 39.2% of roasted brown rice, 5.9% of Porphyra, 52.9% of

laminaria and 2.0% of licorice root, and packaged with tea-bag type type(10cm x 10cm,
2 fold, 10g of powder per bag). Water soluble fraction of the seaweed-tea was gained
with soaking one bag into 300mé of hot water(90+2T), and then extracting for 3 min-

utes followed filtering,
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Table 32 .Proximate composition in the seaweed-tea(A) and its
water soluble fraction(B)
(unit : dry basis %)

Treat ¢ Crude Crude Crude
reatmen Moisture potein Carbohydrate fat ash

A 3.50 12.41 70.94 2.04 11.11

B - 3.00 13.10 - 5.11

* A Sample was seaweed-tea.

B Seaweed-tea was composed of 39.2% of roasted brown rice, 5.9% of Porphyra, 52.9% of
laminaria and 2.0% of licorice root, and packaged with tea-bag type (10cm x 10cm, 2
fold ,10g -of powder, 30mesh per bag). Water soluble fraction of the seaweed-tea was
gained with soaking one bag into 300mé of hot water(90%£2TC), and then extracting for
3 minutes followed filtering,. '
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Table 33 .Free sugar acid content in the seaweed-tea(A) and its water
soluble fraction(B)
(unit : dry basis %)

A* B
Free sugar o
Content Ratio Content Ratio
Arabinose 0.14 3.2 0.08 _ 2.0
Mannitol 4.02 91.6 3.80 93.1
Sucrose 0.23 5.2 0.20 4.9
Total 4.39 100 4.08 100

* Refer to Table 32.
*Refer to Table 26.
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Table 34 _Amino acid content in the seaweed-tea(A) and its water sol-
uble fraction(B)
{(unit : dry basis mg%)
*

4

Amino acid A — B —

Content Ratio Content Ratio
Aspartic 120.7 32.1 16.6 20.2
Glutamic 148.3 39.5 79.5 34.5
Serine 10.1 2.7 . 10.0 4.3
Glycine ‘ 3.5 0.9 2.7 1.2
Histidine 5.0 1.3 5.0 2.2
Taurine 7.8 2.1 7.5 3.3
Arginine 6.2 1.7 6.2 2.7
Threonine 4.9 1.3 4.2 1.8
Alanine 27.7 7.4 27.0 11.8
Proline 15.1 4.0 16.0 6.9
Tyrosine 2.7 0.7 2.4 1.0
Valine 3.1 0.8 3.1 1.3
Methionine 7.6 2.0 7.4 3.2
Cysteine 2.4 0.6 2.1 0.9
Isoleucine 2.6 0.7 2.8 1.2
Leucine 3.2 0.9 3.5 1.5
Phenylalanine 3.2 0.9 3.0 1.3
Lysine 1.5 0.4 1.5 0.7
Total 375.6 100 230.5 100

* * Refer to Table 33.
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Table 35 .Mineral content in the seaweed-tea(A) and its water soluble

fraction(B)
: {unit : dry basis mg%)
Treatment® Mineral
reatien K Ca Mg Fe P I
A 2070.0 678.0 423.0 3.0 263.0 139.8
B 595.0 204.0 157.0 1.1 100.6 78.4

* Refer to Table 32.
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Table 36 .Acid polysaccharide content in the seaweed-tea(A) and its

water soluble fraction(B)

(unit : dry basis %)

Treatment A* B*
Fucoidan 2.40 0.52
Sodium alginate 6.35 0.99

* Refer to Table 32.
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Table 37 .Major chemical composition of seaweed-tea®

Composition Content Composition Content
Protein 0.1g Mg 3.0 mg
Carbohydrate 0.2 g K 10.9 ng
Ash 0.1g Ca ' 3.6 mg
I 1.3 mg
Arabinose 1.4 mg
Mannitol 70.1 mg Aspartic 0.9 mg
Sucrose 3.3 ng Glutamic 1.5 mg
Alanine 0.5 mg
Fucoidan 9.8 mg Taurine- 0.1 mg
~ Sod.alginate 18.0 mg
’ Water soluble 0.42 g
fraction

* Expressed as weight content in 100mé of extracts, extracted from 2g of Tea powder with
hot water. Seaweed-tea was composed of 39.2% of roasted brown rice, 5.9% of Porphyra,
52.9% oflaminaria and 2,0% of licorice root, and packaged with tea-bag type(5.4cm x 4.0
cm, 2 fold,2g of powder, 30mesh, per bag). Water soluble fraction of the seaweed-tea was
gained with soaking one bag into 100m¢ of hot water(90+27T), and then extracting for 3
minutes followed filtering,
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