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SUMMARY

1. Project Title

Development of Value-Added Products and Functional Food materials Using Seaweeds
II. Objective and Significance of the Research & Development

1. Objective of the Research

There are produced more than 600,000 tons of seaweeds every year along the coast
of the Korea. The main seaweed resources are rea algae (laver, agar-agar), brown
algae (sea mustard, tangleweed, seaweed fusiforme), and green algae(green laver).
The laver, sea mustard, and tangleweed maintain stability in the output and has been
exported as a simple product processing through drying or salting. It was evaluated
the low value-added products and limited the expansion for the consumption of
seaweeds. Therefore, there are needed the scheme to promote the consumption of
seaweeds. The development of value-added products, finding functional properties
from seaweeds, development the functional feed for animal wusing seaweed
by-products, and utilization of unused algae for food or other industrial uses will
increase fisherman’s income as well as serve as an aid for the people health due to

its functional properties.

The main purposes of this research are 1) to establish a foundation of seaweed
production, 2) to bring up a hub of seaweed processing industry for the south-west
coast region in Korea 3) to secure new foodstuffs having functional properties for
human health 4) to promote the utilization of seaweeds by new products development

and then to support the food industry in Chonnam province.
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2. Significance of the Research

Chonnam province, south-west coast area, of Korea is producing 93% of total
amounts of seaweeds. The tangleweed, sea mustard, laver, seaweed fusiforme, and
green laver are produced as much as 93%, 98%, 77%, 100%, and 45%, respectively.
Also, Jindo, Wando, Sinan, and Haenam areas have large seaweed cultivation facilities
and exist processing industries.

The seaweeds contains 40-60% carbohydrate and structurally different compared
with land plant. The dietary fiber from seaweeds has been known the function of
facilitating the bowl movement, excretion the heavy metal in the body, lowering the
blood cholesterol level, anti-coagulant of blood, and anticancer. Especially, brown algae
including sea mustard, seaweed fusiforme, gulfweed, and tangleweed contains alginic
acid, laminarin, mannitol, fucoidan which are lowering the blood cholesterol level,
lowering blood pressure, and fusion of blood clot. Agar-agar, carrageenan, and
porphyran compound in red algae are known to antimutagenicity and anticoagulant
function.

In spite of potential of seaweed as a main bio-resource, there are lack of research
to facilitate the consumption with its functional properties and consumers are
unsatisfied with simple processing products. In the aspect of seaweed export to Japan,
the domestic seaweed can’t compete with China product in the competitive pricing.
Also, the seaweed by-product dump into the sea and cause pollution of the seawater.

Therefore, development of new processing technique and systematic research for
value-added products are needed for domestic requirements. Using by-product of
seaweed and unexploited seaweed are needed to development of bio-degradable food

packaging material and functional feed for animal.

M. Contents and Scope of the Research

(Subproject #1) Seaweed Processing and Development of Functional Materials

1. Comparison of alginic acid yields and viscosity by different extraction conditions
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from various seaweeds (Laminaria religiosa, Hizikia fusiforme, and Undaria
pinnatifida)

2. Purification and characterization of alginate lyase from Vibrio alginolyticus

3. The antimutagenic activity of sulfated alginate and its effect on the growth of
Lactobacillus acidophillus

4. Exo—polygalacturonase Improves Extraction Yields of Alginic Acid from Sea
Mustard (Undaria pinnatifida)

5. Characteristic and Extraction of Fucoxanthin Pigment in Undaria pinnatifida

6. Preparation and Quality Characteristics of Jam using Undaria pinnatifida
(Sporophyll)

7. Development of jelly manufacture using seaweed extracts

8. Improvement of the quality of traditional Doenjang(fermented soybean paste) and
Ganjang({fermented soybean sauce) with the sea tangle, sea mustard, or anchovy

powder

9. Properties of Rice Extrudates with the Powder and Extracts of Seaweeds

(Subproject #2) Development of Industrial Materials from Seaweeds and Their

Application

1. Preparation of biodegradable films using glue plants

2. Modification of na-alginate films by CaCl; treatment

3. Physical and mechanical properties of water resistant sodium alginate .
4. Increase in moisture barrier properties of alginate-based films by composting with
fatty acids and CaClz treatment

5. Preparation of Bio-degradable films using various marine algae powder
6. Degradation of alginate by V-irradiation in aqueous solution

7. Degradation of alginate by organic acid hydrolysis

8. Degradation of alginate by Y-irradiation in solid form

9. Microencapsulation of fish oil by sodium alginate

10. Characteristics of seaweed salts prepared with various seaweeds

11. Fermentation characteristics of Kochujang prepared with various salts
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12. Quality characteristics and shelf-life of Tofu prepared by addition of seaweeds

13. Preparation of seaweed salt and its characteristics
(Subproject #3) Biological Utilization of Seaweeds and Development of Feed

1. Evaluation of the values of seaweed as a functional feed for animal and
examination of the metabolic function of natural materials and the feasibility of

composting of seaweed byproduct.
2. Extraction of fucoidan and evaluation of its functional properties to broiler

3. Development of animal feed and organic fertilizer by using fucoidan extraction and

co—composting of seaweed byproduct
IV. Results of the Research

(Subproject #1)

O Fucoxanthin might be cleaved to a series of cleavage products under the oxidative
condition in liposomal suspension. Alginates were extracted from the Laminaria
religiosa, Undaria pinnatifida, and Hizikia fusiforme by using four different extraction
methods and compared the yields of alginate. Acid-alkali soluble alginate(AASA)
extraction method from Undaria pinnatifida resulted in the best yield of alginate
among the seaweeds. The optimal condition for extracting alginate from Laminaria
religiosa was 04 N H;SOs and 3% NaCOs concentrations at the AASA extraction
method.

O The alginate extracted from Hizikia fusiform by the acid alkali soluble
alginate(AASA) extraction method was reacted with Na:SO; Both alginate and
S-alginate stimulated the growth of Lactobacillus acidophilus in MRS broth and
peptone water medium. The addition of S-alginate to the media showed the higher
bacterial numbers than alginate supplement. There was no mutagenic activity of
S-alginate in the Ames test using the Salmonella Typhimurium TA 98 and TA100
strains. The S-alginate showed suppressive effect against 2-NF and MMS of

mutagens.
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O Alginate lyase producing bacteria were screened and isolated from seawater and
brown seaweeds. Among the various samples tested, three bacteria (Vibrio
alginolyticus, Klebsiella planticola, Enterobacter aerogenes) showed highest enzyme
activity. Identification of the bacteria was confirmed by Bio-log system and API test.
The extracellular alginate lyase was purified from the culture of V. alginolyticus by
ammonium sulfate precipitation, Phenyl Sepharose CL-4B and Sephadex G-100 column
chromatography. The molecular weight of the lyase was estimated to be 57kDa and
67kDa by SDS polyacrylamide gel electrophoresis. The optimum pH and temperature
for the enzyme activity were around 85 and 35°C, respectively.

O Exo-polygalacturonase (EPG) from Rhizopus sp. was applied to the extraction of
alginic acid from sea mustard to increase extraction yield. The optimal conditions for
alginic acid extraction with EPG were: pH 7.0 at 30C for 24 hrs. Using EPG to
extract alginic acid from sea mustard should be considered a viable alternative to
conventional extraction, with the advantage of reducing hazardous wastes such as
strong acid and alkali solutions.

O The sea mustard sporophyll jam prepared with combination of 60% (w/w) sugar,
0.75%(w/w) HM pectin and 0.3%(w/w) citric acid, which finally adjusted to 62 °Brix,
was similar to commercial jam in gel strength. Addition of 0.08%(v/w) synthetic
strawberry flavor and cinnamon flour 05%(w/w) to sea mustard sporophyll paste
showed a good effect of masking the undesirable sea mustard flavor.

O To improve the quality of traditional Doenjang(fermented soybean paste) and
Ganjang(fermented soybean sauce), the sea tangle, sea mustard, or anchovy powdgr
were added to soybean paste and soybean sauce. Doenjang prepared with fresh
soybean paste added 1% sea tangle, sea mustard and anchovy powder, and matured
for 90 days. Ganjang prepared with 20% brine solution added 10 kg meju and 0.3
kg~1.0 kg sea tangle or sea mustard powder, matured for 60 days. The results of
this research applied for 2 patents.

O Sea mustard and sea tangle powder and extract were added to rice powder to

prepare extruded snack. The snack with seaweed extract showed better sensory

Score.
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(Subproject #2)

O Biodegradable films were prepared using two varieties of glue plants, ie,
Gloiopeltis tenax and Gloiopeltis furcata, in order to increase the utilization of
under-utilized seaweeds. Tensile strength(TS) of the films prepared with Gloiopeltis
tenax and Gloiopeltis furcata were 23.9+4.4 and 26.6+6.6 MPa, respectively, which are
comparable with that of kK-carrageenan film (30.5t5.2 MPa).

O Reacting with calcium ions through immersion of alginate films in CaClz solutions,
water resistance increased significantly (P<0.05) with increase in tensile strength(TS)
and decrease in water vapor permeability(WVP) of the films. In addition, swelling
ratio(SR) of the films decreased with soaking temperature without affecting water
solubility(WS). Such properties of the films could be utilized to make them as a
natural water—insoluble film in food and non-food applications where plastic packaging
cannot be applied. They can be used as a separating layer inside heterogeneous foods
to prevent moisture migration between parts having different water activities and
they can also be used as coating materials for single-use coffee cups or soup bowls
made of paper. Especially, the water resistant edible film coated paper cups will be a
help to alleviate the environmental concerns on non-biodegradable plastic solid waste
by providing opportunity to replace polyethylene coated single-use paper cups.

O Although TS, WVP, and WS of marine algae powder films were lower than those
of alginate films, they indicate potential in application as a new source of
bio—degradable packaging materials. y treatment with 3% CaClz solution.

O Alginate solution was treated with V-irradiation and organic acid to degrade in
aqueous solution and measured viscosity and molecular weight. It is possible to
microencapsulation of fish oil by degraded sodium alginate.

O Seaweed salts were prepared with various seaweeds such as sea mustard, sea
tangle, laver, seaweed fusiforme, and green laver and concentrated sea water, and
their physicochemical properties and mineral composition were determined. Ash
content of sea mustard was the highest(22.7%) with the lowest(9.8%) for laver among
the seaweeds tested. Sea mustard contained high amount of Na, while sea tangle and

seaweed fusiforme contained higher amount of K and Ca.
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O Effect of four different salts, sun dried salt, refined salt, seaweed-salt, and
bamboo-salt, on the quality of kochujang was studied by measuring enzymatic,
microbial and physicochemical activities of the kochujang during 12 weeks of
fermentation period. Consistency of seaweed-salt kochujang was higher than the other
ones. Total sugar content was higher in the seaweed-salt and the bamboo-salt
kochujangs.

O The tofu was developed with sea tangle(Laminaria japonica) and Salicornia
herbacea addition. As the addition of Laminaria japonica increased, the moisture
content and yield of tofu were increased but those of crude protein was decreased. In
sensory evaluation, the texture, odor and overall acceptability of whole tofu coagulated
with Ca-acetate were evaluated higher than those of seaweed added group, but

astringent taste and beany flavor were decreased with addition of seaweeds.

(Subproject #3)

O This study was done to evaluate the values of seaweed as a functional feed for
animal, and to examine a metabolic function of natural materials and the feasibility of
composting of the byproduct. Based on the analysis of composition and amino acid
content, the seaweed was found to be a valuable feed supplement if salt level could
be dropped. Therefore, fermentation was done to enhance the nutrient values, and by
it the contents of functional nutrient such as unsaturated fatty acid was increased.

O The fucoidan extracted from seaweed suppressed the growth of Saimonella.
However, costs for fucoidan extraction should be down to be a competitive feed
supplement. To overcome this high cost problem, heat-water extraction method was
involved, and also absorption of fucoidan to illite was conducted to reduce the drying
costs.

O Feeding of fucoidan and illite-fucoidan to broiler increase body weight gain and
feed conversion ratio, as well as they enhanced antibiotic activity to intestinal
microorganisms, villi structure and nutrient utilization. Also, to know the feasibility of
the byproducts from extraction processes as a source of organic fértilizer,

co-composting with swine manure was done and the quality of final product was
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analyzed. The byproduct from chemical-solvent extraction process was not suitable to
composting, since it had high acidity. However, the production of relatively high
quality of organic fertilizer by composting and slowly releasing organic fertilizer
through pelleting of its compost were possible with the byproduct from heat-water
extraction method. In final it was considered that heat-water extraction method for
fucoidan extraction and co—composting of its byproduct would be a useful way to use

the seaweed as a source of animal feed and organic fertilizer.
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Ad gxoA 2002d 58 =89 thAlul(Sweet tangle, Laminaria religiosa)$t 229l
8% v Y(Sea mustard, Undaria pinnatifida)s {ETEE 39 F+Ysidz, &
(Seaweed fusiforme, Hizikia fusiforme)S 62734 89 A& ABE (F)TFHE(G
T, dd)dA Adxd AL FASAT BE NBE £48 F 7 mesh AE FHAA 4
2o RASHA 4703kl AP 283t

THE dEF AET NishideFo]l &g WLl 49 A3} 5 FF2E
(HWEM, Hot-water extractable material), &4 9UAHWSA, Water soluble
alginate), €¢Z28] 7184 <472AHASA, Alkali soluble alginate)© & FZ3l4t. 84

FAAE FE87] A EAE NEE FHFG 120 w/ive] HEE 100TAA 443
AHSAAM 7tEE F nylon clothE ©] &35t A3t Fate HEgn AdL 557

g 0| &3 1/48 55T F FAH & @Fo] 80%cEE (1:80 w/v)S H7H8IAth
ol &Iq& & YAEE 7| (Ultra Centrifuge, CENTRIKON T-324, Kontron, Italy)&
o]-&3tqd 20T A 10%7F 3,000 x gollA AR & F 54L& vgn JAES A
g7A19 100819 E(1:100 w/v)F 0.1 M MgCl£9(1:100 w/v)E H7bste d-LelA
3027t wukstgth 18 og 20%9] cle&-g Huben d4EE & F

3 FAES AEEF oHES LIVWVE AL F o] £FdE A& ol &3t TALE A
et 40C AZ7|A 24412 Ax3A Y. &7 7H8Ad 44e 249 A8 E T/
F¢ 1:30 w/ve] B &2 75CoA 3083 ukstdA 71E3% $F nylon clothgE ©]-&3t
et A W FAE 19% NaCOs £45 1:20(w/v)e] HIEE 75CelA 44
Zr wrstEA sty F AEFAQ 80wle F/HF(1:B80 w/v)E 7t Whatman
filter paper No. 4% °l&3tq Zr¢od3} ok FALE ¥El o942 10% HCIE °)&
st pH 28 ZAH33 20ColA 3000 x g 22 1087 948 & F 4592 4
i JAEL ASFAY 2089 50% gt (1:20 w/v)E H7PsIAoh 283 10%
NaOHE ©]&3l9 pH 72 3% ¥ nylon clothE o] &3d o434 A2 HI L
e BT JHES LIvWME HE F o] EFAL ol&std BAE AH3}T 4
0C Bx7IA 24X Azt dZe 7H84 4204E FE3519 F=EH A8E A}
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£330, A - g8 78 GUAHAASA, Acid alkali soluble alginate)e o2 0.2
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AE=V (L—L")%*+ (a—a’ )2+ (b—b")?2
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FolA £E% AN AT 23
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1968002 TEolXN EAFE FASAT. 414 2AF 2HS 98 AER J7E
HPLC(Waters, US.A)E ol&&3om & 0.1 M NaxCOsE AMEstth. &% ALt
€ % ZFEAE polyethylene glycol(PG)# polyethylene oxide(PEQ)E Al-§3l%o.H
ol & 7}z MWE PG8,000, PG4,000, PG20,000, PEO 400,000, PEO600,000 Da°] 1t}

¢ AT Bol HA gL 5g AEER st WSATH ASAFE

2 dNAE de 5 5 E gEsld AEE2AL 59t AEE cone and plate
type 3 AAEAQ Brookfield viscometer (DV-II+ Brookfield Eng. Inc., U.S.A)E A&
sto] 33 WHE EAEAT. HAE 2L Ho A5dE 8 mLE ¥3 No. 20 spindled
AbgEtel HEE AT AE SHA dY 25 24TE FASAh 404 &
9 2RV A=(K)e= &9 Power law modeld] & AH&3le] Aa&T(v)o ST A
S dFAAZREH HAdA Y gozRy F3d.

1=K¥" (n=flow behavior index)

ay

a3 9 nF

ik

2 gArl v, 29 371A] AEE AT GANE FEHAG F
A= Table 1°] JelUIAtt. HWEM F&Wdol 9¢ AL 102~186%,
HogE 47~6%9 ANAE AQFI, ASA FEEO dFHME 225~
384%, AASA FEWHoZ d& LA 265~306%9 FFE YA 4

£ £&& AZ HdrA AASA, ASA, HWEM, WSA F&EH €22 4 vg
W wlge] ASASH AASA FEWHAA G4l 47t 384% R 39.6%= 7HF
A YERt. AASA FEWHAA tAube 331%9 €43 §FE 2Y wE 22
265%9 #FES YoYU ASA FELY JolME F AR AN FFE o
227%9} 225%2 ztolE Koz ¥skth olgo] AASA FEWHo] ¥
2de F AN Ae FE2F 4 4y L2 ZAE AYAFLEZN ol5o] A&}
F3lo 4714 AU carboxylZl 7} SElH 3 Naol&o] A= o] HATFEed &E
FAHA Ho2 B & &= FFo| v 4EAH Hel2d AN&rHe= 28
A ENY AL FPNA HEANIA B Ae2 Asdrh

o x
) ku
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ﬂHN‘
u:E
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Table 1. The yields of alginate manufactured by different extraction methods
from three seaweeds

(Unit : %)
Seaweed HWEM WSA ASA AASA
Laminaria religiosa 13.7+0.03 6.0+£0.09 22.7+£0.02 33.1+0.11
Undaria pinnatifida 10.2+0.11 4.8+0.08 38.4x0.04 39.6+0.10
Hizikia fusiforme 18.6+0.01 47+0.05 22.5+0.03 26.5+0.05

HWEM : Hot-water extractable material.
WSA : Water soluble alginate.

ASA : Alkali soluble alginate.

AASA : Acid—alkali soluble alginate.

Ag Eete doln ¥ ASE Table 29 2T TARIE WSA FEPYE o8
AM AZF 749 AEZO] 206392 743 U Ugon wEe £& 0§34 ASA
22wz AL UMY AERO] B31Z 7HF oFE Mg Uehith 44K FE
A WSA 2B Adets £ ol§aM 2L UM BF o5& 24 3l
. AASA FEuiel W Qe 9 AR ohalul b ge MEE dehig

TAlatE A g2 A - G2 (AASA) FHAIAM NaCOsE 1, 2, 3, 5%2 FEE WA

ob71a+g 2 3 dFE Figure 13 2o 1% NaCOsllA e +&& 336%, 2%
NaxCOsE 36.2%, 3% NaCOs: 37.1%, 5% NaxCOs= 348%9 +#&& d& & AU
NaxCOs 557 ¥obd% 2049 25 249950 NaCossl 5% sEolAE o
A @] o] FaE ATE BRI olE NaC0sd =7t obdd wat &5
g pH7t EFoARA F&0] 4FE w7 dEA AL AN

X
°
o,
N
>

[«0
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Table 2. The color of alginate manufactured by various extraction methods

Extraction Color parameters

Seaweed AE

method (lighiI:;less) (rediess) (yello:[))vness)
HWEM LR 59.75+0.11 6.50+0.02 28.78+0.02 46.47
[8)5 61.43+0.04 1.22+0.01 14.20+0.02 37.73
HF 34.54+0.03 6.52+0.01 15.12+0.06 64.24
WSA LR 78.50+0.04 0.18+0.00 10.85+0.02 20.63
Uup 59.48+0.03 0.50+0.05 13.00+0.06 39.21
HF 66.35+0.46 1.66+0.06 15.76+0.06 33.76
ASA LR 56.50+0.22 2.74+£0.03 20.08+0.24 4455
UpP 42.27+0.25 1.38+0.07 16.81+0.14 56.81
HF 23.00+0.19 8.09+£0.23 12.89+£0.55 75.31
AASA LR 79.64x0.07 0.73£0.02 17.80+0.14 23.64
UP 62.77+0.03 0.13+0.08 19.98+0.22 38.79
HF 46.59+0.14 7.90+0.03 22.46+0.14 55.08

LR ! Laminaria religiosa, UP . Undaria pinnatifida, HE : Hizikia fusiforme.

Figure 1. Effect of Na:COs; concentration on the extraction of alginate by

Yiels (%)

AASA method from Laminaria religiosa.
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Haug5(10)2 pectino] ¢#&|A §AF oA B-elimination reactione] <3} shz|so] &
23} uronic acid FEAZ FaAHE AMFE GNAE pH 10 oj4d o A9 s}
dojut &9 HErt Yol st 2328 4704 3% 34 F NalC09 55
7t mobdel Wt pHF FA EolAl UR Lol RaEHo] HEAA AN FHo] o
HAAZY gEA F&o] ¥ Aoz ALY,

2) Acid % ®¥sle] Mg FgW3

OAlPEE A8 2 AASA FEUHAA HS0:8 5EE 01, 02, 04 N2 ¥EFAAAN
Figure 29} < A#E 44 & A HS09 =& 01 N2 AHE3S o 322%9
G AYoH 02 N HSOIAE 326%, 04 N HSOIAE 349%8] 24 #2
TEE UEHT. HS0:8 FE7F FoAS4E U049 Fgo] FrEste A¥E U
=8 ole A ERT TR/ & HSOst AFAA S04 FE0] folgAEE
ZA o] BEH Yo dZdst wEdte xo] § Bol =FE F SV "W 41
A gl FUE A2 AU

fifo

A7) EAFE 2437 Y81 A polyethylene glycol(PG)® polyethylene oxide(PEO)
g olfA BE FHE UE F Ax £& o4 FEI G EAFS ZH
ATHTable 3). 59 L4z4e ExEe 3 x 10°~1.2 x 10° Dad) £XE Yehigd el
ASA FZWYol % Lol EAFo] A won thgol AASAY F F&H
4242 90 x 10* Daclith ©|5(13)8 Aol wzw, 12904 497X AT
FollMe EAFL 32 x 10° DadllA] 34 x 10° Da A= E4ZL Bged o 7L

Aol 2AS 571 2 @R A% FFH FEEUFo| EAFY AV 4F
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0.1N H2S04
: 0.2N H2S04
0.4N H2804

Yields (%)

Figure 2. Effect of H2SO; concentration on the extraction of alginate by AASA
method from Larninaria religiosa.

Table 3. Molecular weight of Hizikia fusiforme alginates manufactured by
different extract methods

Extract method

Molecular weight (Da)
HWEM 3.3x10"
WSA 7.2x10*
ASA 1.2x10°
AASA 9.0x10"
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Foz¥H 259 F84 AR 9TY JHEA AN FF S4E 2A) A4

Ag £xo wE dvgde ¥3e 43 F% FL Figure 3 R 4°] HEHAAT

A AL 1% AN &9 ALE AvEE 93 sTA 3% AN £AL 9207 Pa,
5% &4k 4L 1511 PaZ yedord 7% FEAAE A F=E vl daes
= 651 sTol M E HE EHo] BrssH T WSASH ASA FEWMHeE 42 €2
AL FErt 5242 HEUt Frbeted, WSART ASASY FEvl 48 A YEse
M £3 WAS 7%5%X7F ASA 3% 59 #AE e 2o FAd. 4Y& sodium
alginate(Sigma-aldrich, USA)$} A% Eo02RE F&3d 2% 584 423 &z 7}
£4 A HEE 4T AL Figure 53 2tk ATEE 93 sl FE&A4 40
9 AQHL 372 Pag Yellz ¢z /M4 GUdAME 149 Padl AF FE d2
& At 23 AYE G A AGEE 93 sl A 1436 PaR RoENE
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Power Law modeldl 93] ZA® Fxd &0 9 AxE ALK FEATAT
()& Table 49} 2t} o228y F3uyd WE AN 49 Axk AFE 4¥E
%S W ASAVF WSARTH £2 e BAF, ASAY FEAFE n<lY & BYLes
A psedo plasticity EA4S¢ Jgugdoy, WSAE 1%E AT 2% 5%Ae
Newtonian®] 4 2-& YE AT
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Figure 3. Shear stress as a function of shear rate for WSA solution from

Hizikia fusiforme.
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Figure 4. Shear stress as a function of shear rate for ASA solution from
Hizikia fusiforme.
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Figure 5. Shear stress as a function of shear rate for 2% alginate solution
from Hizikia fusiforme and commercial product.

Table 4. Flow behavior parameters of WSA and ASA from Hizikia fusiforme

Alginate Consistancy index Flow behavior R
concentration (Pa - s" index (n)
1% ASA 0.58 0.82 0.99
3% ASA 1.25 0.88 0.99
5% ASA 1.50 0.90 0.99
7% ASA 3.01 0.80 0.99
1% WSA 0.13 1.22 0.99
3% WSA 0.38 1.01 0.99
5% WSA 0.73 0.99 0.99
7% WSA 1.20 0.93 0.99
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2 <

HWEM(Hot-water extractable material)) WSA(Water soluble alginate), ASA(Alkali
soluble alginate), AASA(Acid alkali soluble alginate)9] Y] 7}A] <4714k Z2EWH S o
&3 DA wH(Laminaria religiosa), ™19 (Undaria pinnatifida), S(Hizikia fusiforme)$)
A ANEE 73 GRS FE5e] 8L ol A} ALEH AR FolA AASA
FEUHA A% v AN FFo] 396%E M $5EHA YEew HWEM
2 102~186% AT &2 AASAWHEOE P& 5§ B Huhule] nx)x 231
o Azd €748 229 qxe gAnZRE WSAFEY L o) &34 Axd G749
AEgko) 206322 7HF wiAl Usgtom & A1gd BE X259 o)A WSA F&
Rl 93 Aol e AEE Jxn ASA FEWHE ol &34 I YA MEE
AEgke] 75312 ©hg R "3 o}F& Mo &7l AZREHJT. AASA FETHAA
3% NaxCOs =M 371%2 & €& 42 & Jded, HS08 $EZ 01, 0.2,
04 N2 QA AX F23 AFHE 04 N HaSO0NA 349%9 & &2 el §
A FE2F &Y HEE 4dEdl vE g 2 FEE Yo ASAFE
el s dojd L] HErF WSAd 93 ARYG B2 HA4S YeEhiATh
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]
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A2 A G703 B AFe e Vibrio alginolyticusol
9]t Alginate lyase?d AA 2@ EA

2742

I
M
2
B
El
i
s
ol
Lo
)

AL Bo AZE 27 A9 2AU A (59 AAD A 6639 HAEH
d ThAlnk ARGl A 17F9 F& BIaG o1F A4 45 d3uAE =
A GRS AT A Table 14 o §5k] 35T Ferlola 2307 WP F 2

A e F e A7, A7), 39 dNE ek FES e

(@3]
(@]
2
R
"
[9]]

o

AL B3 AT EEuR AN 58 @ 79 colonyE #H3led 10 mLel Peptone
Aol &7 A 30C shaking water batholl 4] 60A17F #jFatglet. 28 oh& 10 mL &3
b 235 EA A 01 mLEE HES T 30T F2FFNA 66U AAuEF A
% Somogyi-Nelson¥ o] wel EZBFEA (UV/V spectrophotometer, Model Spectronic
Unicam, USA)E °l&3t9 520 nmolX B4F& AN &4 Ed5E SHHAT
B4 EEL Y02+ maltoseE o) &3ATh
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Table 1. Media for the isolation of alginate degradation bacteria

Isolation medium

Lower medium Upper medium
NaCl 3.0% Sodium alginate 1.0%
KH2PO,4 0.1% Bacto-agar 2.0%
FeSO4 - 6H20 0.001%
MgS0s + 7H20 0.05%
KClI 0.05%
Bacto-agar 2.0%

Liquid medium

Peptone 5%
Sodium alginate 0.5%
NaCl 3%

Reducing sugar measurement medium

NaCl 3%
KH;PO, 0.1%
FeSO; 0.001%
MgSO4 0.05%
KCl 0.05%
Sodium alginate 1%
2) Vibrio alginolyticus AL-K189] %4714 #38l% =4

Bio-Log system¥ API test® 3|4 A4 ® Vibrio alginolyticus AL-KI8E pure

culture3ts] 448 ¥ colonyE peptone, alginate, NaClo] ##-8 AR FFZ

e

-%_
HZ3l9) 30°C shaking water bathol A 60417 #ikstAct. o] wi¥d-S 01 mLy &

o

o =Rujx 9} 1% alginate, 2% alginate, 3% alginate 10 mLol ZZt FF& A3 A
34 %e AL blankE FI 30T FLFolA FXudstAA 0LAFE A Fste] v
o] 3" AEA Brookfield viscometer (DV-II+, Brookfield Eng. Inc., U.S.A)E °©]-&3}
A 100 rpmol A AEE =431 Somogyi-NelsonBoll wa 520 nmollA FFEE 53

ol BATL ARAAT. AT L $AF] Z AYVEL wiple2 AT

LU
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3) #F 54

1) Bio-Log system
Bio-Log system& ©]&% #F EWd S Fig. 17 22 WAd g3 o)|Foxth £
Aoz &4 2T 78 213 g8
%7} positiveo] @ GN-NENT©] i negativeo]® GN-ENT wa oz 34t}
GN-NENTY 739 BUG+B ®iAd & AF3se 30ToA 23 7 wjsisich
GN/GP-IF (Inoculating Fluid) €99} Sodium Thioglycolate 3%<&< 713 & &%
(Transmetence)& 52%2 Z7A3 F wlg 30ToA 993 ¥ microplate well (GN2)i
150 uLA 7Fste] 30CoA widsld el 447F ¥ microStation Reader (BIO-LOG)E o]
€3t microplate® 3 24A1ZF Fo 3 W o ¢lo] BY JRE FA & F FFHo
2 53" oF¥E AAsA.

GN-ENTY 739 BUG+BuAe] #& HFso 37CoAN 23 F7F i3
GN/GP-IF (Inoculating Fluid) €] 47]9} n27}A 2 Sodium Thioglycolate 3W&&
71e o 9% (Transmittance)E 63%2 ZAsAct. mlg 37CAA I E
microplate well (GN2)oll 150 puL¥ 7}8le] 37TColA wj¥3 F GN-NENT ¢ uwie} 22

WA 22 microplate® $13 #FE FAsgt)

ki

2) API test

T AT TAA colonyE W] NaCl 0.85% medium 5 mL i Suspension
medium 5 mL HFste Z 4& & APl 20E Kit (BioMerieux, Marcy I'Etoile,
France)l ¥-& Strip® tube&ol Asid Wao] ma} Y& F 37T incubatordl Al 244]
t v Fstsith. Stripe] wellel VEbd Mg g3 o HERAGOE A HAg A3
of 23& APl 223 g T3t dXHE= #FE $AHNAT
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Gram Stain

l
Gram Negative
Ve N
Oxidase Pasitive Oxidase Negative
(GN-NENT) (EN-ENT)
V l
Culture Media : BUG+B BUG+B
! l
Atmosphere AIR AlIR
l l
Temperature : Typically 30C Typically 35-37TC
l !
Inoculation Fluid : GN/GP - IF GN/GP - IF+T
l l
Inoculum %T : 52% T 63% T
! {
MicroPlate-uL. per well : GN2 - 150pL GN2 - 150uL
l |
Incubation Time(hours) : 4-6, 16-24 4-6, 16-24

Fig. 1. Procedure for bacteria identification by Bio-Log System.

4) F2FF9 HF g =4
T #F9 HA AL 2AL FAs7] Y8)A peptone 5%, sodium alginate 0.5%,
NaCl 3% 71 AAuR]o] o] Z+ wjx] A9 H]& 2 pH, &%, A7t & HAF

o WFzde BASA s

1) Alginate? ¥ %

Alginate =5 07, 1, 15, 2, 25, 3%2 28 H7eto] 28:2Col A 48X v g +

oA 47 R 843 A4 E S v AAdA

2) Peptone &%
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Peptone& 05, 0.7, 1, 15, 2, 25, 3% =2 @d A7 99 59 APS Pstn
A4558 YA

3) NaCl9] 5%
NaCl ¥%+< 05,07, 1, 15, 2, 25, 3, 35%7F =A A7sle Ry =E A9

4) pH, €% 2 "] FAzt

PHE 3.5~9.09 HHeA HA pH 24¢ AR, FL=E 15, 20, 25, 30, 35T,
M FA TS 24~84A1k 02 WY AL SEstEA doj FA A L BUT AAo
EREH HF 2= 9 AL ZAREAT

2. & B3 540 AA

e
i)
dfm

3

1) 54 &4 =3
1) 994 ¥

2 AA A4 Fo 9wd YEo ANL B3BBETA (UV/V spectrophoto- meter,
Model Spectronic Unicam, USA)Z4 280 nmollA] EFEE 2X39n, ¢l &=
Bradford ®¥3ol wat 29 10 et FFS5 790 ol dye reagent 2 S Lo 158
¢ A2 S A 595 nmolA FFEE =3

albumin (Sigma Co., USA)& AF£314 ¢}

¢

9t EEE2 25 bovine serum

0

2) 24 84 &34

7|24 0.4% sodium alginate (50 mM Tris-HCI buffer, pH 8.0, 0.3 M NaCl) 1.5 mL
% 549 05 mLE 37ColA 2082k wgA17) & 1 mLE 3 Somogyi-Nelson's ol
A8l FREE FH3 EETS AL F4Y EF AFHozRH F9FL 2
sttt &4 1 units 183k 1 umole®) #9F (maltose®. B4H)& AAse TL%Fo
= Fosq.

(2) 549 £ 2 AA

1) 25499 Az
Table 18] A NA wlFd FFE 20 mL AR o] FE3td 25CoNA 2 v
stk o) wFAL 500 mL AAMA ] §A BTAAN 202 WFSHAT. o] WFAL
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LAEE (12,000xg, 30min)3te] dojA AEHE xFido2 FPY. AA AL Fig.
29 YEht glow 2E AP L 4TAA o] Foixin

2) Ammonium sulfate fractionation

Ay

stel B4S SASNRT a0l A YEE 40-60% E3 FAURFE
A At SxW AASAT o] d44E dHES (12,000%g, 30min)ste] 30 mM
Tris-HCl buffer (pH 7.0) £%o2 $3iA7|1, Y @FHez 2 4THA

_}9—_4,
lo
it
ol

dialysis tube (Pierce Chemical Co., US.A : MWCO 7,00002 ¥4& 33t Ldojz A
< Ultrafiltration (Amicon Inc., USA : MWCO 3,000)2.2 &%3 3t}

3) Q-Sepharose Anion-Exchange Chromatography

Q-Sepharose anion-exchange resin (Sigma Co., USA)E 4 A7l colume (1.5%30
cm, Bio-Rad, USA)S 30 mM Tris-HCl (pH 7.0)2 equilibriumAlZl & &4 HE F3
3t} Gradient mixer (Pharmacia Biotech, Sweden)& ©]&3t 0-10 M NaCl=
gradient2 2] flow rate 4 mL/min2® &&3t9] ¥ fractiond 3 mL# eluentg Skt
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Cell culture
Centrifuge at 12,0(*0 g for 30min (4C)
Supernatant
Precipitation of proteins with ammonium sulfate (40-60%)
Centrifuge at 12,000 g for 30min (4T)
Pe#let

v
Dissolve the pellet with buffer (30mM Tris—HCl buffer, pH7.0) Supématant

Centrifuge at 12,000 g for 20min (4C) Discard
Supernatant
Pe¢llet Dialysis against 30mM TrisIHCI buffer, pH7.0 for 12hr
Discard Crude fnzyrne

Apply the crude enzyme to a Q-Sepharose column (¢ 1.5%30cm)
equilibrated with 30mM Tris—HCl buffer (pH 7.0)

¢

Elute the column using by a gradient elution (0—1.0M) in 1.0M NaCl
v

Pool the Na—alginate positive fraction

Concentrate with ultrafilter (MWCO 3,000)
'

Apply the crude enzyme to a phenyl sepharose CL-48 column
(¢ 1.5%30cm) equilibrated with 10mM sodium phosphate buffer
(pH 6.8) containing 1.8M ammonium sulfate

Elute the column using by a gradient elution (1.8—-0M) in 10mM sodium
phosphate buffer (pH6.8)

Pool the Na—alginate positive fraction
Concentrate with u|t%afilter (NMWL 3,000)

Pool the Na—alginate positive fraction

Purified enzyme

Fig. 2. Procedure for purifying the alginate lyase from Vibrio alginolyticus
AL-K18.
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4) Phenyl Sepharose CL-4B Chromatography

Q-Sepharose anibn—exchange chromatographyol A/l &X4& HolE fractiond Xo}
Ultrafiltration (Amicon Inc., USA : MWCO 3,000)8%& o|43 ¢4 A7 2 sampled
%39t Phenyl Sepharose CL-4B resin (Sigma Co., USA)e 2 ZZd column
(15%30 cm, Bio-Rad, USA)¢ 18 M ammonium sulfate”} 3¢}1E 10 mM sodium
phosphate buffer (pH 6.8)2 equilibrium A7 & Z2&4 %S F23 A} Flow rateS 4
ml/minZ  3}4 gradient mixer (Pharmacia Biotech, Sweden)& ©l&3o 180 M
sodium phosphate buffer® gradientg& Zo] 3% fractiond 3 mL¥ eluent® Ut}
Fraction 5 7]&°] tjg ¥ &Aool 73 fraction® Ko} Ultrafiltration (Amicon Inc.,

USA : & AAZALZE AF23Y

5) Sodium Dodecyl Sulfate Polyacrylamide Gel Electrophoresis (SDS-PAGE)
SDS-PAGE< Laemmli®] Wd| utg} 125% running gel® 12.5% stacking gelS A
zZ3te HAAg e SDS-PAGES AA % silver staining Rt B &L A3}
7] $18+] phosphorylase b (97 kDa), serum albumin (66 kDa), ovalbumin (45 kDa),
carbonic anhydrase (31 kDa), trypsin inhibitor (21 kDa), lysozyme (14 kDa)< protein
standard (Bio-red)2 AM-&3tH T

3) 249 54

1) pH W3] g 93

QA E2 01 mLol th3) 0.4% Na-alginate 2 mL¢} 2zt pH¥ &4%89 (pH 4.0-6.0 :
01 M sodium acetate-acetate buffer, pH 7.0-9.0 : 01 M Tris-HCl buffer, pH
10.0-11.0 : 0.1 M sodium carbonate-sodium hydroxide carbonate) 1 mLE &%§3lo] uh
S (37T, 20 min)AlZ ¥ BYFE Ao =2 alginate lyased pHol W& WH3s &
o}x gkt

2) g £xo) wE 93

AA &4 01 mL} 04% Na-alginate 2 mLE &&3to] wg &XE 0T, 10T, 20T,
30T, 40T, 50T, 60C=E 3t 2087 WS A7l & SF9UF S A% s 25 o
2 9gae A¥rgy.

3) &5 Wdd we 4 AR

i
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AA Ea& 01 mLet 04% Na-alginate 2 mLE E#3te] 20T, 40T, 60T, 80CE 10,
20, 40, 60%7t 7H ¥ BAF L FAHs] Lx0] WF P E FHA

4) 9259 3 alginate lyased] £33 A

Na-alginate®} 5 U3tA soluble starch, carageenan, carboxy methyl cellulose, petic

acid 2 dextrin® Zt7Z} 04%7F A A Zxda, 9 v ZAA AA §4 01 mL}

2t 71d 2 mLE e AA AAEEHE 3493 E FH8d HEAE Na-alginateg 7| =
< do vusgn. FAEL 4 712 &9 54 diadel EL 01 mL 7Hete] B}

et

4 3

L &% 238 vyE &

'

1) 4% EsadF ¥

Maltose& ©|&3jA BUdFe EEFAHE Figure 3% Zo] WEx Table 13 #& #iA
Z4E& o] 83X alginateE ¥ TF 21 F B MY T FLIE ZAEA &
FTH Al oA Table 29 22 A3 & JeEHiG.

(2) ¢33 &35 &

A Fo] 71 Fol Aol A3 Ao 2 YElD Vibrio alginolyticus AL-K18% 4o
2 NaCl, KHyPO; FeSO4s MgSOs KCl, Sodium alginateZ 33l alginate 3%
A viA %} &5 1%, 2%, 3% alginate S Ho] F& HFI}L 697 HA=o LT
ZA3% A3 Xt Figure 49 22 ZA#AE Ve 393 Fighst 22 ZAE
YetRch AR E #& HET 4¥Fo] AEFHA &S A o wa2A H= Ast
YEHRE a7t AgsE 27 243E 2S¢ & 5 UAdT 9d #4784
< 49 WA S 1% alginatel A€ 64RAZAR] AL Frree A} Roli 2%%} 3%
alginate €9 E 3UA7IA BYFo] Z7strt o o]F2E & WHEE HolA &gk
. 394 1% alginate® TR FHUF WA oA BFL4FFL 022 mg/mLE BRI
&5 1% alginate AN E 0.17 mg/mLE k7t @A Jebga, 2% 3%9] alginate
LA M e 89T go] 0.317 0.33 mg/mLE E=A YeEso

o

w
f

i
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Absorbance at 520nm
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T T
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1.0

Fig. 3. Standard curve for determination of reducing sugar.

Table 2. The alginate degrading ability of the isolated strains

Strain Reducing sugar Strain Reducing sugar Strain Reducing sugar

No. (mg/mL) No. (mg/mL) No. (mg/mL)
AlL-M1 0.096 AL-K12 ND AL-K40 ND
AL-M2 0.064 AL-K13 ND AL-K41 ND
AL-M3 0.078 AL-K14 0.095 Al-K42 0.062
AL-M4 0.098 AL-K15 0.178 AL-K43 ND
AL-M5 ND AL-K16 0.289 AL-K44 ND
AL-M6 0.088 AL-K17 ND AL-K45 ND
AL-M7 ND AL-K18 0.334 AL-K46 ND
AL-MS8 0.146 AL-K19 ND AL-K47 ND
AL-MS 0.047 AL-K20 ND AL-K48 ND
AL-M10 ND AL-K21 ND AL-K49 ND
AL-M11 0.048 AL-K22 ND AL-K50 ND
AL-M12 0.082 AL-K23 0.089 AL-K51 ND
AL-M13 0.207 AL-K24 0.080 AL-K52 ND
AL-M14 ND AL-K25 ND AL-K53 ND
AL-M15 ND AL-K26 0.075 AL-K54 0.041
AL-M16 ND AL-K27 0.095 AL-K55 ND
AL-M17 ND AL-K28 0.079 AL-K56 ND
AL-K1 ND AL-K29 0.099 AL-K57 ND
AL-K2 ND AL-K30 ND AL-K58 0.333
AL-K3 ND AL-K31 ND AL-K59 ND
AL-K4 ND AL-K32 ND AL-K60 ND
AL-K5 ND AL-K33 0.092 AL-K61 ND
AL-K6 ND AL-K34 ND AL-K62 ND
AL-K7 0.070 AL-K35 0.075 AL-K63 ND
AL-KS8 ND AL-K36 ND AL-K64 ND
AL-KS ND AL-K37 ND AL-K65 ND
AL-K10 ND AL-K38 ND AL-K66 ND
AL-Kl11 ND AL-K39 ND
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3) #F A

#dTol & goz vehd uwAEE 19 Y8 Figure 19 JeEd SAARZLS
A Bio-Log system®& ©]&38lA] Strain No. AL-K18€ Vibrio alginolyticusZ 5733
Aew, AL-K16% AL-K582 Enterobacter aerogenes®: Klebsiella planticola® <1
Holgoh o] FolA Table 20149 o] FU2o] 0334 mg/mlE 714 Fo} EAgo] Z
g Ao Vet AL-KI8 (Vibrio dlginolyticus)& A8 #FZ AL3t9 . Vibrio
alginolyticus AL-K18¢] 548 Table 3% 2},

(4) &84T A4 wgF =A
Vibro alginolyticus AL-K18 #FE Table 19 A ujxlo] &l alginated X%,
peptone %, NaCl 55, pH, €5 2 WjYAI7+S sty 4 4% 2 34993 ¥4

< SA% AH&= Figures 6, 7, 8, 9, 10, 117 2t}

1) Alginated] 5%

Table 19} AAUAE 7j2ulx 2 dto] 7)o alignate 35 @astax A4 A%
ojlvf #943% EAF A Fig. 63 2o

Alginate ¥=7} 1.0%9 A Ad 4 A4S B 99 reducing sugars 25% A 7H3
ES ¢ B F5AYA By #AAdFe] L aginate 57 #UPE 2dn
stded 2 AFeleE d=A Jebgth Vibrio dlginolyticus AL-K180] alginate® %
et7] Y3l alginateE® 2o

487 3t AL & & JUoY 3.0% sEANAE FA AFE FI reducing sugars
AL alginate’t =7t Eolyol wet vixe] HErt Folx TA AFE AT
o2 Azgrth

2
4

pard

2) Peptone %

Peptone 5 =& 2elstdA o4 44 ¥ reducing sugar® &A% ZA3HE Fig. 7o Y
el AT} peptone FE7F Z/tE4E FA AL 5—7}0}3’104 reducing sugare 0.7%
FEAA & & YvERIDH

3) NaCl9] &%
Vibrio alginolyticus AL-K182 #i<olA B85yl @Eo] NaCle] #ae 433
reducing sugard] 4L & AoT Huzo] NaCl 358 o] Hjokulx|o] At
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A #A dE7} reducing sugarg Fig. 8o YetUeh oAl A4%S NaCl 55 2.0%7}
A€ F7HIY oY reducing sugarE NaCl 3= 1%91A HAE Jehd ot sl A
T 722 NaClg Bo| 282 & Holgtla AZAgou NaCl ¥ = 35%9HE 23]

& oA 437 reducing sugar BEF ZAE BRI}

il ]

Table 3. Characteristics of Vibrio alginolyticus AL-K18 isolated from sea

growing water

Properties

Gram staining

Glycyl-L-Glutamic acid

Tween 40

Shape Rod Phenylethylamine B-Hydroxybutyric acid
D-Fructose * Hydroxy-L~Proline L-Phenylalanine
a-D-Glucose + ¥-Aminobutyric acid Itaconic acid

N-Acetyl-D-Glucosamine + a-Ketoglutanic acid L~Omithine

Sucrose * Gentiobiose M-Inositol

D-Trehalose * Acetic acid L-Leucine
Glycogen + D,L-Camitine L-Histidine
Maltose + D,L,a-Glycerol Phosphate Succinamic acid

a-Cyclodextrin + Uridine D-Raffinose
D,L-Lactic acid * Lactulose Turanose
D-Glucose-6-Phosphate + D-Galactose v-Hydroxybutyric acid
Dextrin * D-Melibiose Cis-Aconitic acid

a-D-Glucose-1-Phosphate

D-Gluconic acid

Pyruvic acid Methyl Ester
N-Acetyl-D-Galactosamine

Citric acid

D-Saccharic acid

Inosine * D-Mannose L-Serine
D-Mannitol + Xylitol Tween 80
Succinic acid * D-Arabitol Adonitol
L-Asparagine + B-Methyl-D-Glucoside I-Erythritol

Glycerol + Propionic acid D-glucuronic acid

Succinic acid Mono~Methyl

Ester a-Ketobutyric acid Glucuronamide
L-Arabinose + a-D-Lactose 2-Aminoethanol
L-Alanyl-Glycine + D-Galacturonic acid Water

Glycyl~L-Aspartic acid + D—Cellobiose a-Hydroxybutyric acid
D-Psicose * L-Rhamnose Quinic acid
L-Threonine * L-alaninamide Urocanic acid

Bromosuccinic acid

D-Alanine

D-Glucosaminic acid

P-Hydroxy-Phenylacetic

L-Alanine + Sebacic acid acid
L-Aspartic acid + L-Proline L-Fucose
Formic acid + L-Pyroglutamic acid Malonic acid
Thymidine + Putrescine D-serine
a-Ketovaleric acid * D-Galactonic acid 2,3-Butanediol

L~Glutamic acid

D-Sorbitol
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Fig. 6. Effect of sodium alginate concentrations on Vibrio alginolyticus
AL-K18 growth and reducing sugar content.

Base medium and growth condition : peptone 0.5%, NaCl 3.0%, pH 7.5, temp. 28+2C,
time 48hr
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Fig. 7. Effect of peptone concentrations on Vibrio alginolyticus AL-K18
growth and reducing sugar content.

Base medium and growth condition : alginate 2.5%, NaCl 3.09%, pH 75, temp. 2827,
time 48hr
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Fig. 8. Effect of NaCl concentrations on Vibrio alginolyticus AL-K18 growth
and reducing sugar content.

Base medium and growth condition : alginate 2.5%, peptone 0.7%, pH 75, temp. 28+
2C, time 48 hr

4) pH

pHE 2238t9 Vibrio alginolyticus AL-K18¢] & A&7 reducing sugar® golE A
Fig. 9%t 2ol pH 359 pH 402 A A% & 2L vt reducing sugars 2 #< BY
o ol Ao g7 e s A U2 RAeE A4d pH 45904 #A A%
reducing sugar 25 HWE B3 pH/} &82+E 74 AFoly reducing sugar7t 2olA
RARE ¢ F A pH 4594 reducing sugar7t ohe @S B3] 03242 =4 voE
AL alginate7}t Atel & 7t5Ed & AL AT Qo o] FEE o= AE L
A2 AAHY 7A 43S 29 o] pHolM 718 & 4ZL 19 Aoz Bo} 4o o
& 7teEd fETL old Ao Alsdd.

rr

n!]o

5 WMF2x

G 258 2Ed9e e #A 437 reducing sugard Z#F= Fig. 108 #oh Ayh
Aoz g MFY B¢ 20T 229N F yFsts Aoz A ded, B 499
Vibrio alginolyticus AL-K18& 25ColA #A A& 2 reducing sugar’t 7F¢ A4 YeErs
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A A= Fig. 117 2o o4 A2 6243 o @392y reducing sugars 48
Akl 7HE & @& BAY. o9 ZARE 2o4dW Table 49 Zo] ©@agoz
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Fig. 9. Effect of pH on Vibrio alginolyticus AL-K18 growth and reducing
sugar content.

Base medium condition : alginate 2.5%, peptone 0.7%6, NaCl 1.0%, temp. 28+2C, time
48 hr
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Fig. 10. Effect of temperature on Vibrio alginolyticus AL-K18

reducing sugar content.

Base medium and growth condition : alginate 2.5%, peptone 0.7%, NaCl

Jtime 48 hr
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Fig. 11. Effect of incubation time on Vibrio alginolyticus AL-K18

reducing sugar content.
Base medium and growth condition :

temp. 28+2T
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Table 4. The optimum conditions for the Vibrio alginolyticus AL-K18 growth and
reducing sugar content

Parameter Optimal condition
Na-alginate concentration 25%
Peptone concentration 0.7%
NaCl concentration 1.0%
pH condition 45
Growth temperature 25C
Incubation time 48hr

A mie) AA 2 54

e

2. &%
(1) 549 £ ¢ A4

1) Q-Sepharose Anion-Exchange Chromatography

Vibrio alginolyticus AL-K18 &5 vl dS dAEgsle] 4 234HS 40-60% £
JgRFE AA YL 54, 539 Q-Sepharose anion exchange chromatography&
P A= Fig. 129 2o 718 dis) F& Z4 L Bol:E peakdt st L &4
< HO|E peakE FAFHL L AL BolE peak?d fractionEL Hol FA& Pdt
F F%3te] SDS-PAGEZ +% AL dsAed e duradso] ZAH YN
T3 4 &4 FEE 4& £ 99 ©S ©@A9 phenyl sepharose CL-4B

chromatography & 3 8} t}.

2) Phenyl Sepharose CL-4B Chromatography

Q-Sepharose chromatographylA] #g® fraction® Xo} phenyl sepharose CL-4B resin

22 3 9 columng chromatographyE % A= Fig. 133 2ot 1 5% ¢ &4

stoll A 22 ¥ peakE dRom 71 dis] FAHEL BolE fractiond Eol FHE T
o

% ¥%3le] SDS-PAGEZ ¢% #AL 33 A3 2719 bande) @M AZ FTAE] gl
T BAYE AT F A o)AL A EXH AP L A EE 40

AA #A Fo AF}E Table 59 Vebglo

3) SDS-PAGEE o] &3 549 A% %3
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80TAA 3% &< boiling3le] EBA3}AIZ alginate lyaseE SDS-PAGEE AA g &
silver stainingsle] TEGWMA Y 23 ExFE AT ZAAE Fig. 149 2o

A
42

65 kDa® 57 kDaA &9 BAHFHE 2 5§49 Aoz FHdAAY 2709 band7t HolE
RO partially 3174 HAE A2 ¥e] B bandE A7) AANE O BAS o ¥

H
of & Ao g 1Bt} Tseng 5°] ¥ & Vibrio sp. AL-97} A4F3lE alginate lyase®
Aol o 25 kDadl @ FAZ &<l & v} 1, lan W. Davidson $& Pseudomonas

sp.7t A48t alginate lyases #AF&Fol oF 50 kDaeletil 3hth
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Fig. 12. Q-Sepharose anion-exchange chromatogram of salted out fraction by
saturated ammonium sulfate solution on the range of 40-60%.
The colume was equilibrated with 30 mM Tris-HCl (pH 7.0). Proteins were eluted

with at linear gradient of 0-1.0 M NaCl at a flow rate of 4 mL/min and the fraction
size was 3 mL
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Fig. 13. Phenyl Sepharose CL-4B chromatogram of the Na-alginate positive
fraction obtained by the Q-Sepharose anion—exchange chromatogaphy.

The colume was equilibrated with 10 mM sodium phosphate buffer (pH 6.8)
containing 1.8 M ammonium sulfate. Proteins were eluted with a linear gradient of
1.8-0 M ammonium sulfate. Flow rate of 4 mL/min and the fraction size was 3 mL

Table 5. Purification of the alginate lyase produced by Vibrio alginolyticus

AL-K18
. Total specific . P
- Vol  Protein P A Yield Purification
Fraction actibity activity
Crude enzyme 780 2558.4 10.14 0.004 100 1.0
Ammonium sulfate
fraction (40-60%) 35 30.45 0.385 0.012 30 3.81
Q-Sepharose
Chromatography 20 0.37 0.08 0.22 20.78 1852
Phenyl sepharose
CL-4B 10 0.003 0.02 7.0 175 31.82
chromatography
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+— 65kDa
— 57kDa

A B
Phosphorylase b 97kDa —p »
Serum albumin 66kDa  —
Ovalbumin 45kDa —
Carbonic anhydrase 31kDa —» :
Trypsin inhibitor 21kDa — -
Lysozyme 14kDa —» .

A Molecular weight marker proteins

8) Crude enzyme

(C) Ammonium sulfate fraction (40-60%)
()] Q-Sepharose fraction

(e) Phenyl-Sepharose CL-48 fraction

Fig. 14. SDS-Polyacrylamide gel electrophoresis of purified alginate lyase from
Vibrio alginolyticus AL-18K.

Electrophoresis was performed on 12.5% running gel and 5% stacking gel. The
proteins were stained with silver. Molecular mass standards are composed of
phosphorylase b (97 kDa), serum albumin (66 kDa), ovalbumin (45 kDa), carbonic
anhydrase (31 kDa), trypsin inhibitor (21 k Da), lysozyme (14 kDa).

(2) 549 54

1) pH W3t g 43

Alginate lyase®] pH W3kl W@ & Fig. 159 20 pH 85014 Ad) B4L Ug
WRIL pH 7°]38k¢} pH 90139 whg ZAAME &4 AL & & AT Sawabe
%ol ¥8l& Alteromonas sp.9] alginate lyase®] 2 &A1& pH 75 &z R 3 B
= O ¥ pHOllA Hd €4& 2
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2) t§ 254 W g ws}

g4 2EE Figure 16914 R uie} o] 35ToA Hdl 4L Yetd Ak ol
HAF @4 &EE Tseng 50| Vibrio sp. AL-128 @FolA AL alginate lyase’}
3B-37CES Hl&F AF#E B F1 glon ol 2% HYE NaCld $=4 7
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25 ¥sd g 4 AAA

Walo] WE alginate lyase] 4 <HBAL Fig. 173 2L ZAFAE AUk 20CAA
T EL 849 248 AY A T 5 dAe 40, 60, B0CE 227t EoldFE &
& 8ol "ol g ¢ & It

4) 3 5o) g3 alginate lyased] &3 A

Alginate lyase®] Na-alginate ©]9]19 t& tdFol Ui #3) A4S SAHE A7
Table 50914 &<¢18 § glFo] & tUdfHoe &3 A4S Yeuyr &= A2 e
won o] §4FE 4w Eo)H o2 ZL3E alginate lyase! Ao 2 AGHYT

Relative activity (%)

Fig. 15. Effects of pH on the activities of partially purified alginate lyase.

The used buffers in the reaction mixtures were 0.1 M sodium acetate-acetate (pH

40-6.0), 0.1 M Tris-HCl (pH 7.0-9.0), 0.1 M sodium carbonate-sodium hydroxide
carbonate (pH 10.0-11.0).

Substrate concentration @ 0.496 Na-alginate

Reaction condition : substrate solution 1.0 ml, buffer solution 1.0 ml, enzyme solution
0.1 ml, temperature 37C, reaction time 20min.
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Fig. 16. Effects of reaction temperature on the activities of partially purified
alginate lyase.

The used buffers in the reaction mixtures was 50 mM Tris-HCl, pH 8.0.

Substrate concentration : 0.4% Na-alginate

Reaction condition : substrate solution 1.0 ml, buffer solution 1.0 ml, enzyme solution
0.1 ml, temperature 37C, reaction time 20 min.

120
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Fig. 17. Heat stability of partially purified alginate lyase.

The used buffers in the reaction mixtures was 50 mM Tris-HCI, pH 8.0.

Substrate concentration : 0.4% Na-alginate

Reaction condition : substrate solution 1.0 ml, buffer solution 1.0 ml, enzyme solution
0.1 ml, temperature 20, 40, 60, 80C, reaction time 10, 20, 40, 60min.
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Table 6. Alginolytic activity on several polysaccharides of alginate lyase from
Vibrio alginolyticus AL-18K

Substrate Enzyme activityn
Na-alginate 0.35
Carboxymethyl cellulose 0.21
Soluble starch NA?
Pectic acid NA
Carrageenan NA
Dextrin NA

1) Specific activity (U/mg)
2) No activity

_91_
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€ 98 BE A7 A ded, 2RFAAN 223 #4712 G853 AATgo)

o SAAA Fgol JdE Ao YA govi@), Y Fd EAste §F AT
3< heparin® A Sgo] fAlste ¥ AT LS UEpd B oflzt et
28 5 OFd A2F Jlsel B n vk, 5). FeaFgoE sulfate’t WY FL
# Ad%E Fo2 AXFEZHE sulfated polysaccharided] &3 AT77F 5ol A THE).
i oblE} &204te] EF U 2HE AT, 8), TAESE de 4EFH9) MG HE
9 F7tl wE FFEFEAY T ATE Pt HH10). AL FH F3 PES
Al X712 Bifidobacterium™ Lactobacillus®] Z4<& ZAgctm sgom(ll, 12), o
Alvh &24e) 7HE sheEslo] wE BEAg 50,000 Dad) AEA €42 Fe FuUA
2 T Feldd S dASE /A7 TS FINA FUW WAYE FEL ALA
o SFATH13). B A7 BRE gArE FHske ddRIE 98 A A
ATE Aol €A gomz olF BEUs g4 & A9FHor Ed
Lactobacillus  acidophillus® 737l W3 AJIFL uwxEXdd ogted Dolrgtm
sulfated alginate®] S WMol A3 FSAMol ol thste 43 Rt}
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253 L AF

g gdxdr 690 =81 AZRY E(Hizikia fusiforme) EZZEE Acid Alkali
Soluble Alginate(AASA) FEWH AN (14) 98] Lol LNAE 3% fdoZ WE F
0.1M NazSOsll H7bste] HelA 6412t Tk mutsha s wgstrt whdo] B¢ %
11(w/v)e] ¥ &= ethyl alcohol& H7ISA sulfate® F23 G4 AL SA2FHA
3|43 thg ethyl alcohol® 92 ¥ AAHA HAH AAET Ao bl
GAEE 2% HNOs& Aol mutsida s gasin FdA72 e g dAFoz
o Alggdo sttt 2 the  Inductively Coupled Plasma-Atomic Emission
Spectrometry(ICP-AES, Spectro analytical instruments, Germany)& ©] &84 sulfateE
A &5t

S-alginate®] -4l o 4
2 A3 A8 dFE FFTFPIAN BIRe Lactobacillus acidophilus KCTC
3151 AHEstEl MRS brothd] #& HZHA 35C FLRAA 18417 wj%dsdt
Sulfate7} #&¥® 4714HS-Alginate)& MRS broth(Oxoid Co. England)el Z+z} 0.25, 1,
2% sE7F HA EHlgAdh. =2 T2 MRS brothel sulfate’t B2E A & Eo A
FET EDAE AEEAY. MU FFE 27" 279 wiAd 01 mL¥ JEFsn
C &4 100 pme 2 AGSHHEA 0, 1, 2, 4, 8 12 24X 72 vjFstdA 1A
= 7& SAAY. 8 FATY ¥ix2 ®o] o]&HE MRS brothe Mg:S07t 0.2
g/LY H &2 FFEHo Q7] gEo) sulfate’t A FFHo) YA &+ Peptone water
A& o838t S-Alginate® FEEE FH|¥ T FFE AFe 0, 1, 2, 4, 8, 12, 18,
24, 30, 36, 40N 7YH 2 Lactobacillus acidophillus®} B39 v E Qe 2AeE

dWloldd 2 FEAdoldN 2F

Ao AHE"E FFE Salmonella Typhimurium® frame shift ¥o|#3< TA 983
base-pair substitution ¥ |75 TA1002 Moltox3} AHBoone, NC, US.A)EXE ¢
st Marson® Ames® HHH(15)9] uwet histidine 874, deep rough(rfa) B o],
crystal violet 4, UV 744 (uvrB), R-factorol €3+ ampicillin WA, RG24 23

sddols: 59 $4% 542 FAF Fol £ 4go| ol etk A7 sAo|Re

e
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A}&-" 2-Nitro fluorene(2-NF)9} methyl methane sulfonateMMS), #F 2 %A =4
HolEgdg &3 B At A8-E DMSOE Sigmarh(St. Louis, MO, US.A)Z%H
T34 31 Vogel-Bonner minimal glucose agar plate, top agar, nutrient broth %
bacto agar+ Difco(Detroit, MI, U.S.A)°ll A, Nutrient Agar No 2+ Oxoid(Hampshire,
England)oll A 7435ttt E7H glass cap tubed] 05%, 1%, 2% 2 FH]® S-Alginate
A8E 25 ul/plate® 7}8tai 7|9 Salmonella Typhimurium TA 98 T+ TA 100&
0.1 mL 7}3 ©2 0.25 M phosphate buffer(pH 7.4) 05 mLE ¥t} ©|& His/Bio©l
A7te 25 mL Top Agar(45°C)el ¥ & &3 F vlg] ZA 8 ¥-2 minimal glucose
agar platef]d] =T33 F 37°ColA 48A17 wjdste] A EAEAWC|(His™ revertant
colony)+& AolA ulxFo] W3 mutagenicity ratioMR)E Ed¥olgAde FFE &
ARt 3 SdHoldA AFL Ames AssayE N ZFE pre-incubationBol ik F3}
AL Ed¥o] FLEZIRE TAHY TAL00 FFol thsiX & 2-NFe MMS7F 242 A
€501zt FHE S-Alginate® A QWU A 08T wFT F QWY
A APH LY o2 AAFTHA A BEAEAHFE Aof ¥ Ed¥FES &
HBEGT ¥ AW GAL Wojd B &4 U A5 AE(inhibition %)=
BT 47e] AP 23] wHE 4 plates® AAHA

A% Sulfate &7

FORRE A - 4L (AASA) Yo 2 FEF 44 uEAR sulfate’t @Rty F
AHAYEA dotry] A FEJFHE T2 ICP-AESE AL & A} 3%
alginate 899X 18435 ppme] FX9| sulfate’} 7

Lactobacillus /379 B Sulfated alginatee] 43

qxFe B2 7158 542 sulfate’]’t $83% 9&8E ddda €A g=dl alginate
E 24718 7R QA @ol 1 7Is5Ae] Far|E FRT v Rl "E #E5sux
g & Q. mEy gkl A9H ez sulfateE RFAFEF F OF ol E9]
Lactobacillus®] 2374 vlX & 93&& Lotr gtk MRS brothst Peptone watersl ol
AAA S-alginates} alginate® 0.25, 1, 2% HXE 2 F718t9 Lactobacillus acidophilus
€ AFT F dstaA fAT Y Aol dig 4% Figure 19 YeEbAA. ¥]F =
7] AFE oA Zole YA Lactobacillus= peptone water HjA| 2. th% MRS brothol
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Ao gao] £ BeiF: ok HAMuAd MRS brothlAE 8NT AT F
Lactobacillus®] %7} A1E Jehfigledl 025% alginate H7F s oA E o 537 x
10° CFU/mL, 1%9XE 575 x 10° CFU/mL, 2%91A% 661 x 10° CFU/mLZA
alginate®] ¥ E7F ¥ST% B& #F£E YeguUA. MRS broth$t Peptone water®lA]
BT A S-alginate® F7IE AE FATY AFAE ZUHAIIE RAoE Yeyon,
0.25%% %0 Qo)A = S-alginate®} alginateZ 3 7}3)
< e A 24 peptone water BlRjol A S-alginate?] F7Fe 8AZ AR T 1% 2%
FEY AS ¢ 44 135 x 100 CFU/mLY 224 x 10° CFU/mLE  YEhy o]
alginate®] F7kA @4 708 x 107 CFU/mL% 7.94 x 10’ CFU/mLel ul3) &7 yetyt
t}. Lactobacillus®] 333 A A t571d|A = S-alginate 717} alginateo] v} 9
d7ol okt MEA JEehtor #o o] AX | e Fee & AolE Ho|A
% U

-~

A% FaE e s &

QWA 2 g EAdoldA
S-alginate®] AWML FIet7] AshA Ames testoll o SIS AP AH
+ Table 19 Yeb} Q. Salmonella Typhimurium TA 982 frame shiftg9 &4
°], TA 1002 base-pair substitution®¢] EdWelE B3 EAWHsH J2Ed g
TAHisHe 2 HateE AL o83 Ao g o] RIAY 05, 1, 2% alginatedll A A48
F T BT Ed¥olAd e veEluR grskth. Mutagenicity Ratio(MR) #ES& 0.99°0 4
1209 #e& B FAed oz A E4E WEsn A Fue AE v &
APdME HY A F&3F AIZAAEA A2 S-9 mixE AHEsHA &gt @
A AP Wold o2 A TABE Hsix e 2-NF, TAI00S A€ MMSE AH&3tiE
gl Aol dol S-alginate H7FF7F TASA A= 14-19%9 Edwol oA &%
£ YERA T TA100 i E 12-17%<9 AdAE BYoh. 28 S-alginate ¥ %9l
€ Fo8e 2A AAen o)y &t HFE Fo] o) E HFP = HHd
e & Zolrt Y7l e o2 AR
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Table 1. Mutagenicity of S-alginate from Hizikia fusiforme to Salmonella
Typhimurium TA 98 and TA 100 '

No. of revertant S. Typhimurium colonies

Samples Dose/plate (CFU/plate)"
TA98 MR? TAI100 MR
Buffer 25 uL 5 +5 - 153 + 20 -
DMSO 25 nL 46 + 6 - 164 + 31 -
05% S-Alg 25 uL 56 + 2 112 157 + 14 1.03
1% S-Alg 25 uL 52 + 4 112 152 + 18 0.99
2% S-Alg 25 uL 58 + 8 1.16 184 = 24 1.20

'Mean + standard deviation from eight plates of duplicate trials.
*Mutagenicity Ratio(MR) is the number of revertants per test dose divided by
revertants per controls.

Table 2. Antimutagenicity of S-alginate from Hizikia fusiforme to Salmonella
Typhimurium TA 98 and TA 100

No. of revertant S. Typhimurium colonies

Samples  Dose/plate (CFU/plate)*

TA9B Inhibition % TA100 Inhibition %
2-NF 30 uL 3488 = 215 - - -
MMS 30 uL - - 1695 + 75 -

05% S-Alg 25 UL 2981 + 198 145 1496 + 132 11.7
1% S-Alg 25 1L 3012 + 340 136 1433 + 114 155
2% S-Alg 25 uL 2657 + 351 19.2 1404 £ 90 17.2

"Mean * standard deviation from eight plates of duplicate trials.
MMS(methylmethanesulfonate) and 2-NF(2-nitrofluorene) were dissolved in
DMSO(dimethylsulfoxide). The concentration of mutagens was 5 Bg
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FL2HY 4. GZE(AASA) HHEoE FZ23 SN A9H o R sulfateE FHA|
1 F ICP-AESE ol&3l4 #A3% A3} 3% alginate SAA 18435 ppm EE

sulfate’t HEHAT. wWiA] AAHoz & T/ JE MRS brothet Fol e
peptone waterdj A o]  S-alginate®} alginate® 025 1, 2% ¥E=EZ Hrleo
Lactobacillus acidophilus€ HEF F Wl FstaA AT 43 dgd 9%F& 49 £
A3 BE FEAA olE ulXo| S-alginateE H7I Aol fAF AFE F/AANE
& F Aok S-alginates} alginate® 0.25% B71e Z$ fATe AFL 6%
YEd oy FE7 $7184E S-alginate® # 718 #9] alginate®t B7d R
TAEY 44E 598 AR e Ames test® T34 S-alginatets B
AE A YR ggen 3 Edwode Aol tistd TARTFE
14-19%, TAIQ0TF o WA= 12-17%7A 9] A& BHJon 2%9 S-Alginate’}
71 5L qAES YERRAE.
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Al 4 A Use of Exo—polygalacturonase to Improve Extraction
Yields of Alginic Acid from Sea Mustard (Undaria pinnatifida)
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INTRODUCTION

Alginic acid is a linear polysaccharide that is commercially extractedfrom many
strains of marine brown seaweed. Alginic acid is a co—polymer of D-mannuronic acid
and L-guluronic acid, in which the uronic acids are arranged in a block fashion in
the polymeric chain (1). Alginates have widespread applications in thepharmaceutical
and food industries, owing to their ability to form viscous solutions at relatively low
concentrations and to form gels with Ca2+. Alginic acid from sea mustard can be
extracted with hot water in a sodium carbonate solution, or by alternation of acidic
and alkaline treatments (2). The highest industrial extraction yields are obtained
utilizing sodium carbonate solutions or acidic and alkaline treatments. However, the
strong caustic and acidic chemicals produce hazardous toxic wastes that threaten the
environment and damage reactors used in the extraction process. Hot water extraction
is safer and produces no toxic chemicals, but is inefficient because of low yields (2).
In this study, we evaluated the use of enzymatic digestion of sea mustard, using
exo-polygalacturonase (EPG), for increasing the yield of alginic acid from hot-water
extraction.

EPG, a protopectinase, is normally produced by microorganisms to facilitate plant
degradation (3-7). EPG cleaves side chains of neutral sugars of pectins that are
linked to cellulose or are residues of homogalacturonan. Applications using EPG
include pectin production (8), isolation of single cells from vegetable food material
(7,9), and the isolation of protoplasts from plant cells (10). Sea mustard alginic acid
is a structural component the cell wall that is esterified to cellulose or hemicellulose.
EPG randomly hydrolyses terminal -1,4-glucoside bonds of D-guluronic acid, thereby
isolating D-guluronic acid. Therefore, the use of EPG may be expected to increase

the yields from hot water extraction of alginic acid from sea mustard.
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MATERIALS AND METHODS

Materials

Dried sea mustard (Undaria pinnatifida) was purchased from a local food market
in Seoul, Korea; ground with a hammer mill, and screened through an 80-mesh sieve.
EPG (Macerozyme R-10) from Rhizopus sp. was obtained from Yakult Co. (Tokyo,

Japan). All other chemicals were analytical grade.

Extraction of alginic acid by hot—water solubilization method

The extraction of alginic acid from sea mustard was performed as described by
Nishide et al. (2), except that the formaldehyde treatment was replaced by EPG
digestion for the enzymatic extraction. For non-enzymatic extraction, 5 g of the
ground sea mustard was placed in a stoppered flask containing50 ml of a 3.7%
formaldehyde solution and maintained at 30°C overnight.

For the EPG treatment, 5 g of sea mustard was incubated in 50 ml of various
pH buffer solutions containing 50 mg of EPG (3 U/mg of protein). To determine the
pH effect on the EPG alginic acid extraction,the following buffers were used: 20 mM
acetate buffer (pH 5.0), 20 mM sodium phosphate buffer (pH 6.0), 20 mM potassium
phosphate buffer (pH 7.0), 20 mM Tris-HCl buffer (pH 8.0), and 20 mM glycine
buffer (pH 9.0). The effect of alginic acid extraction with EPG was determined at
different temperatures (25, 30, 35, 40, 45 and 50C) and at different durations of
time(0, 4, 8, 12, 16, 20, 24, 28, 32, and 36 hr).

Following each enzymatic or non-enzymatic extraction under a given condition,
each reaction mixture was diluted with 100 ml of distilled water and hot water
extracted by stir_ring at 100C for 4 hrs. After filtering through a hemp cloth, the
filtrates were dialyzed by cellulose membrane (Avg. flat width 43 mm; Avg. diameter
27 mm; Capacity approx. 175 ml/ft; cutoff size > M.W. 12,000: Sigma Chemical Co.)
in distilled water, and filtered through a filter paper(Toyo No.2). The dialyzed inner
fluid was concentrated to one-forth of the initial volume using a rotary evaporator
(NE-1S, Tokyo Rikakikai Co., Ltd.). Ethanol was then added to make an 80% final

concentration. The precipitated alginate gel was obtained by centrifugation at 3,000g
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for 10 min. The pellet was rinsed with ethanol and then with acetone, and centrifuged
at 3,000g for 5 min. The alginate pellet was dried to powder at 50C for 12 hrs and
weighed. The yield was calculated as the percentage of alginic acid extracted from
each 5g sample. Recovery rate was calculated as the weight ratio of pure alginate
extracted to that of the pellet weight. Each experiment was performed in duplicate

and the value reported was an average of the two data.

Determination of purity of alginic acid
Purity of extracted alginic acid was determined by the m-hydroxydiphenyl

method (11), and expressed as % of uronic acid in the total sample.

RESULTS AND DISCUSSION

The effect of temperature on EPG activity was determined from 24 h alginic acid
extraction yields at 25, 30, 35, 40, 45 or 50C at pH 7 (Fig. 1). The highest yield of
alginic acid by EPG treatment was obtained at 30C, which is presumed to the

optimal temperature for EPG extraction.

10

Yield (%)

25 30 35 40 45 50

Temperature (°C)

Fig.1.Temperature-relatedchangesofalginicacidextractionyield with EPGtreatment
atpH7.0for24hours
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The greatest alginic acid yield from sea mustard was achieved at pH 7.0 after
24 h incubation with EPG (Fig. 2). EPG is stable at pH 5 and 6 (12), but the optimal
pH for pectin extraction with EPG from apple and pear pomace are 7.0 and 7.8
respectively (13,14). The pH of incubation solutions alters the electrical charges of
both enzyme and substrate, and profoundly affects the recognition of the active site
of enzymes and the separation of products after the reaction. Although we determined
that pH 7.0 was optimal under the conditions we used, we can not exclude the
possibility that different buffers would behave differently and that a different pH
would produce maximum yields if a different buffer was used. Therefore, further
experiments using a variety of buffers over a broad pH range is needed to determine

the optimal pH for EPG extraction.

10

Yield (%)

Fig.2.ThepH-relatedchangesofalginicacidextractionyield withEPGtreatmentat30°C
for24hours

The maximum yield of alginic acid was obtained after 24 h incubation with EPG
(Fig. 3). EPG is a macerating enzyme due toits hydrolytic activity on protopectin in
plant cell walls. Pectin extraction from apple and pear pomace by EPG was
maximized with incubation times of 60 and 36 hours, respectively (13, 14). Although
the mechanism is unknown, the hydrolytic activity of EPG on glucoside bonds in sea

mustard can be inferred from its effectiveness in alginic acid extraction.
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Yield (%)
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Fig.3.Time-related changes of alginic acid extraction yield with EPG treatment at 30°C
atpH7.0

As shown above, the highest extraction yield (8.1% of alginic acid from sea
mustard) was obtained with EPG treatment for 24 hrs at pH 7 and 30C. In contrast,
there was only a 2.4% yield from the non-enzymatic hot water extraction (Table 1).
The increased yield with the EPG treatment implies that alginic acid, an ester-bound
form of cellulose or hemicellulose in the cell wall of sea mustard, is easily released
by the enzymatic reaction. This explanation is supported by previous results in which
EPG acted as aprotopectinase, degrading protopectin to pectin (13); Aalthough the
optimal conditions were different.

Purity of alginic acid extracts are shown in Table 1. The pellet from the EPG
treatment contained 5% more alginic acid than the pellet without enzymatic treatment
(Table 1). Recovery rate increased from 168 to 7.73 % (4.6 times) withEPG
treatment. These results suggest that enzymatic hydrolysis may be an effective tool
for the extraction of alginate from sea mustard.

In conclusion, we obtained more alginic acid from sea mustard by using EPG in
a hot water extraction. Although EPG has been used to extract pectin from apple

pomace (13), EPG hasnot been previously used for the extraction of alginic acid from
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sea mustard. EPG hot water extraction has the potential to reduce environmentally
hazardous wastes produced by conventional extraction methods. Therefore, application
of EPG ina hot water extraction system should be considered to be an appropriate

alternative method for the extraction of alginic acid from sea mustard.

Tablel.Effectof EPGtreatmentonalginicacidextractioninseamustard

Treatment Yield(%)' Purity(%) Pure yield(%)2 Recovery(%)3
Hot water without
4 24 15.5 0.37 1.68
EPG
Hot water with
8.1 20.9 1.70 7.73
EPG

'The yield was calculated as a percentage of extracted alginic acid amount from
sample weight

*Pure yield = Yield Purity

3Recovery means the ratio of the pure alginic acid to the extracted amount from
sample weight

“The hot water extraction method for alginic acid of sea mustard was at pH 7.0, 30T
for 24 hrs.
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A 5 A v 99 Fucoxanthin 455 2 5AAT

Ax=FE v, vEhg, Hdoldf 59 ®L 443 JHNE AUz Jden FAsA
2AM9 9 93 F JE EZo OF FHHA Utk A= AXE T4
A48T FHAL FOL L FHAAFT, AFE, ¢ A o JgFgo() TG
(Undaria pinnatifida)® ZZ%(Brown algae)?] ¥4 &3l 194 A2/FEA Za,

2§, AL, 205 59 2714 AR, 43 vgn 59 IR Yo FHEo]

re

flo

—

RA1(23), AT AIYTY BZFEA ZFE 23 Jde FLEFH} e A= H3

N

fucoidan¥ w]g e} AXY FHHR o2 O F EASE alginic acid 5 44 ©IF7L
gFoZ FHHol de AR d#HA Jvh4-6). 53] alginic acid¥ D-mannuronic
acid®t L-guluronic acid’7}b ¢ & o] B-14 ZEL 3z v AHYe EFJu7d
F2 Zd28E wE 8, FF4CA), BAE EAGDY AN F5 9

€3 AAFEo] Ao Aol HdFEA a7 g A YTHTB).

2383 vy 5 ZzFE fucoxanthinel e carotenoid &7t =l vk Axt
o2 carotenoidsE A&Aoln T olF AF 7t BEFE FAoA HMoE o F
e Aoz dEA glon BEsEsl g E7] g @, A, FxAL BEolE, #ad
312, peroxidase @ 3HFE Fo] oaiA A A mHH, 300-500 nme] FH
NA EAY EFUE JHXE EAo] JrH9) 23 carotencidsts FAo] oA FEt

e B 7% Asuge] Yol BYHY 43Y Aast wgdd FARY WY 2

iy

2]
Xﬂ, o_]%__q] }"lll}\o]'ﬂ]}\\j _tg_ ,]91_%_-(?_]: 7]-‘5—/%}% L}-E}-LH—E 7)ﬂ9_§ ‘?J_'E:]Z]El 9;101 919‘}:%‘, /\]'_?:.,
AE Zo o]RIJX7} F ACRE JdH 2 ri(13,14)

2
A M4 fucoxanthin® 7154 AFE AA oAE wWgFd Fo /A A7 o=

ol
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o S4o] &4 ANIAY FA&Es) Asstd B FFTFLHE 2= EHEE
7bE 2 glew(15), vlg-a 9 29 A A B A fucoxanthing ¢t promoter 3 &
Al EACl =5 ZEEA FELAS AAFYT, HoAF T dHAAE FAF
AA EH16)E B3tz vy 283 fucoxanthing thAIEQ haloacynthiaxanthin&
fucoxanthin®.t} 7233 J2AFA L vehuly gtz Bau=En 9o17).

B ATNME MEL 1g 7HFAEFY B4 L 2R AFY e 9% 71x
A8E AFHA vgoZHE fucoxanthing F&, AAARE AP £ fucoxanthin

o WSHES BHARES 2T

A=
Fucoxanthin®4~¢] FZ&o Al43 wdg, njgE7], mdAe 20013 Ad 5X9 ¢
T9 AN FUd FEAAZAZ F 40 meshZ B8t AL83850 ). Fucoxanthin

AHEAskE Q1A A (dimyristoyl phosphatidylcholine)& SigmaAt(Sigma, ST. Louis, MO,
USA)I A F43te ALg3 T,

Fucoxanthin® & 9 $vj# 3§

u o2 RE fucoxanthin® F%& Haugan $(18)¢] WHig& <47k Wadle FE31
HFig. 1). 1Av]ge 2ol B2 500 g& 3wz (w/v)e &l (Acetone : methanol = 7:3,
V/V)E FE33 giol 297 WX F homogenizer® #FA3} A7 g, 7Y A7}
3 dojA oA s rotary evaporaters ©] &35t &3t HEES n-hexane
200 mL$}t 90% methanol 200 mLE &wAZ 3td EH3stx, 90% methanol Fo o3l
Me %9 n-hexane2® 3WHE LB P3Pt doj 90% methanolZol disiAE
FTHTE 7t 70% methanol2 A Z38te] n-hexanel® 3WtE Suji 3 F dojx
70% methanol L& ZE FFaAT. A7l LWEHE S T LA 70%
methanol &8 & SAAZINT FAS 2A5gon nde BW fycoxanthin TFS
v} 2 3ot

4719 n-hexane® ¥ 3 70% methanold &S UV-vis spectrophotometer (Hewlett
Packard, 8452A, USA)E ©]83t] Z+zte] spectrume ZA} Bl WS

- 108 -



Oried Underia pinnatifida (powder)

Extracted with Acetone : Methano!l (7:3, v/v)
Evaporation
Extract

Partition with between n—Hexane
and 90% Methanol

n—Hexane layer 90% Methanol layer

Added water to reach 70% Methanol
Washing with /7—Hexane

70% Methanol layer

Partition with between r—Hexane
and 70% Methanol

n—Hexane layer 70% Methanol layer

Evaporation

Fucoxanthin fraction

Fig. 1. Flow diagram for the preparation of fucoxanthin from Underia pinnatifida

Fucoxanthin®] A A

4719] fucoxanthin® ¥o] s} silica gel adsorption chromatography & ¥ AT
%, silica gel(10g, 63-200 mesh, column chromatograhy&, Merk Co.)& n-hexane :
acetone (7 : 3 v/v)& BWMAZ sluryE TE9 column o FAAZ F §EA7)3L &
29 449 & A3 fucoxanthin®] A AR spectrag UEIHE &g Roe
WRow AA st

Fucoxanthin® =% 2t3}

@°o}X Fucoxanthin® <AL Kim (193 Kim(2009] #WHE& Faste AAA
acetone €< 1 mL9} dichloromethane®] €3)¥ 50 UM fucoxanthing Al @ #ej o
ot A gasE FEAZT. Sui7t 43 AAED 1B EC] dEl xS 1 mlE
3 stA . Fucoxanthino] §-f8 Zrzte] §d-& MGl 37C, 72412 IABA7IHEA
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FFeo WstE S Ah

Fucoxanthin®] FI4AES F&& 3] A54st wgd 1 mLo]l Wsdte] hexane 2
mLZ 33 F&3th RobXl hexane & ALY EFFIE ol4doq FFn 4
gas® A3 FIAAY. &vjrl A3 AAY 1HEL hexane-ethylacetate (99 : 1,
v/v) 300 lLE £33l Bond Elut solid phase cartridge(SI 100 mg, Varian, Harbor,
USA)el 439t A 87F Y9 cartridge®] hexane-ethylacetate (99 : 1, v/v) 1 mL
2 8233 ]9 hexane : ethylacetate (95 : 5 v/v) 3 mLE £53% % o FES
carbonyl 3 E HE o2 31 EENE FFT S acetonitrile 200 ILE |33t 2
% 100 LLE HPLC #4418 A& A}43t9

HPLC ¥4

ngo2RE F&9 fucoxanthin® HPLC #4<& Jasco CO-965 thermostat(40C)<tol
229 silica gel column (Spherisob, gel size 5 im, 46 x 250 mm)& Al&&9 e #HE
71 Jasco UV-975 UV/Vis Detector, Japan), F+4< 10 mL/min®] A o2 &t
Fucoxanthin®] #4& ¢33 &Z&&vl: isocratic solvent$l chloroform : acetone(9 : 1,
v/V)E &%3 Y. Fucoxanthindml 438 thdk HE4A] §&8vE 01% ammonium
acetate ¥+t acetonitrile : methanol : water(75 : 15 : 10, v/v/v)% 0.196 ammonium
acetate ¥-f methanol : ethylacetate(70 : 30, v/v)¢ ¥ &wlE 103} linear gradientAl
A XA

u o] B9 fucoxanthin §F

el F¢d fucoxanthin®] #FE A7 HAstd Wg 4 FHAE FEAxS
Aol % B3t Fig. 19 wo2 &394 ndETy & # &9EY A
Fol 2o 2zt L A spectrag FAHFH 44 nmol A HAFFITAHE HE =

A8 A< fucoxanthin® E383d 54L& yeue RETE fucoxanthing 22 33

R

Oft
Ao
oL

e

S 2Zk 299 fucoxanthin §%F-& Table 10 Yebd AAH v 87.6 mg/100g,
v d =719 624 mg/100g 223l BlY A 127.7 mg/l00gE< Yetdlo] ngAd FFH5
N fucoxanthin@ o] ulQ o] vis] 1.4u}, v FZE7]o] vjs) 208 o FF=o U
= A02 Yyt Yan@DES 109%F9 248 YA fucoxanthin® 43}

24& FA4E A5, 23 9q FE2EAN F4s g40) AAF S oo R,

2
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gy, v E7] £ AoE ugon olAL rAEo F&3t1 JE fucoxanthindt
8

a}:_‘,]_ tﬂ;‘ij

Table 1. Fucoxanthin content extracted from Underia pinnatifida

Undaria pinnatifida Fucoxanthin content (mg/100g, dry basis)
Blade 87.6+3.3"
Stem 62.4£1.3
Sporophyll 127.7+6.3

Y Mean+SD (n=3)

Fucoxanthin®] #3353 54

2719 F99d ndoziy F£F fucoxanthinB #9 MAZAo e AR} AA
202 silica gel column chromatography2 33l t}. Fucoxanthin® &+ Fig. 24
Bl 21X ¥ n-hexane : acetone (7 : 3 v/v)& AR §53538A fucoxanthin® Huj
FIUA 444 nmoll A ZYE3HA fucoxanthin A4 AR HE 2zt e 2
} ¥539 Y. Fucoxanthin® #%3383 =42 Fig. 39 Uebd A 444 nmollA 3
HETE YERE HYHQ  carotenoids® 544 YEMIUY. Haugan 5(18)2
fucoxanthin®] &|Z&%F % Chromophytad:, Chrysophyceae<:, Prymnesiophyceaess,
Phaeophyceae ol 5o g1, tiEE AxHo tdzF TH5Ho g A2 B3N
ot E3 fucoxanthind 49 £33+ EAE 420 nm, 444 nm, 467 nmolA FHFEA S
HEtdY T Buste B dAFoAM doJA fucoxanthin 49 B354 SA3 2 43
o " 99| carotenoid A+ fucoxanthingl Re.Z A ATH

i

T

ok

O

F
1o
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Fig. 2. Elution profiles of fucoxanthin by silica gel column chromatography.
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0.5
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Wav elength(nm)

Fig. 3. Visible absorption spectra of fucoxanthin isolated from silica gel column
chromatography

AA 2 HPLCAS A%
Silica gel column chromatographyolAl @eo}& fucoxanthin #4E WS AAE7] 4
3to] HPLCE 39tk £ columng AH4@ fucoxanthin® HPLC chromatogram-<
Fig. 49 YElY A3 retention timeo] 81¥olA ©¥ A E vehidtt. HPLCAA
Aol @AW e PR §§slo ¥E3a fucoxanthin AFASe] o] 8T AER AHE:
stk |
HPLCZ AAste] 2o}j& fucoxanthing dichloromethanes] £33t A= 72
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AR A St Ao AFS AHE AIE Fig. 59 vehdth. QAAAANM Y fucoxanthin
retention time®] 146%¥- 22 uYehyton xFA3 ¥ AR fucoxanthing AMFES
retention time©] 55& %8 85% Atojd 579 43tE 9 HERZ eyt o8 d HIge
A $(19,20)°] lycopene¥ phytoflueneg tgo2 3 AXFN g A3AQAE ]
AAHEe 2 AR 2H, 229 carotencids7t 7HR T e olF ATl MALEH
+ AA78 2
A watolvet I A I Eo] A3 AEH A ¥ OF
TRt 2 wFe AAd Z @AV e BRHAAM TGEFdd TS0l JAHL 9
% & Mordi F(22)2 benzeneo] £38l8 P-carotene®] AFArste] 93] retinal,
apocarotenals ¢ A/ FAEo] WA FTL 8L 1, canthaxanthine®] A} EvjF& 8]
oAl Al Ar3}E o] 4-oxo-retinoic acid7} AAsHH o] EAo] FI embryonal carcinoma$l
3t FEEARE Yehlts ®»31(23), B-Carotene®] 3-chloroperoxybenzoic aciddllA =5
2tsto) ]3] 58-endoperoxy-2,3-dihydro-B-apocarotene-13-one< AR on o] 33
=20 FUEAEY A% 2 22688 49 dAEHE dedon d24). 183
Araki 5(25)3 Shidoji®t Muto(26)7} ]84 retinoid’} 24 A #H8& ks RIuE
H] 32 retinoid7} retinoid recepter®] ligand® Z&3tW, 53] 4,5-didehydrogeranyl
geranyl acid, geranyl geranyl acid”} all-trans retinoic acid®t L3 A EEA-EL e
i it o]EY BRIE ASrEHAE WL 2F 0 994 carotenoid’} W] EAZH<Q
Aepukgol o) A 2= retinoidet FANG BEAZ WIEHT, O ASEHEE]
AELHS BT 7h5A40 Jddes RS AAetn g 283 #H(27)2 {-carotene
o] A4t WE T-carotenetA; Y ASMNEAE FAHAATE E8t carotenoids7t
AARAAN £ o] Vitamin A FAMEA EZo] A4 ES FAdstgon ol EH¥E
Eol 23N 24253 wg3dtd acidic compoundE ABANAY AA7|5E FIEe
RAo2 Buafd
+ @7olA 9 fucoxanthin 3|ZFol diFE FHE Y3 Aol ¥y F& AHF
I o) JA o] SHHAY ZaEo], AdE st AR o] A A 7]5H
& 4 ' 7/FsAel We &9 A4 fucoxanthino] AAANA Atsso] EHAELS A

dete AYFE u"oF fucoxanthin AMIE S FEEA 2 AAYFAH A7 I

rir

[+
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Fig. 4. HPLC chromatogram of fucoxanthin by silica gel column

chromatography.
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Fig. 5. HPLC chromatogram of cleavage products formed by autoxidation of
fucoxanthin. Fucoxanthin was solubilized at 50 UM in liposomal suspension of

5 mM dimyristoylphosphatidylcholine and incubated at 37TC for 24 hr.
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vl (Undaria pinnatifida)S ZZ5FBrown algae)d] ZXF o] &3tE 194 AXF2
M g, ZF, AR, 825 59 714 4E, 4% vy 59 JYHES FuEol
FrE A31(1,2), H2Z A AR 438 231 I Fads) g Aem Y
3% fucoidan® vjYe] AEZL FAHHE0Z tF EA3E alginic acid 59 MY 7
77b dFes sl sle Aoz g#A JAHE-5). 53 alginic  acidE
D-mannuronic acid ¢} L-guluronic acid7} $9 #2 W B-14 ZAZLS stz A+ 3F
&9 EFAIRE FH260E WE FE, FFHC), s BAGSNY AW FF
AA 2 wiE ZL% Lol o dietary fiber2A E3(6,7)7F LA Qo

QS R ARG W] ARE B dINeR Fayg By oy x4
o FEHL % HAol gl v QURME FOG HFo=E

ERoltt e AHE FUATIZ E&H0R o] &37] AN E
7@ wE 7134l Hold AFoE AFEE Aol nEAsig. 2y A
AELF2), FI9E7] M9), W9 HA0,1D, W9 F7812), vds
AL ol & FES AT T2 9T Ao,
272 2 FeHor 5 AEFQAE BT ASHY dHes

Faae] AAHE G2 ot

of AEAA WA vlYe) e Azu Gy AFNY 5 v AANTEORY 7
AL glol FA9 13, GY R BeRE LFHE v §TE FFANA
£33 Q7] GBIk ATkl A2 @t FFA o] QLo $EH ¥ ¥F $9

I~

T
R
IS
K~}
1o

FEe B2y Qo A 9N B84 A2FE 9T §5, 4T 4
2

Qe ABERE ALstel FY Y H2FY HAS B AT, WEFAL B
FERMEE S8 AY RMA B HES 3] AT AAHA AT A
@ 440t

g ATAE e 29 F G TP A FHE Aoz GAR AL o

- 118 -



g3t Hd Be AzeAL, 55 N9GAE BaAgse] Bk /540l HAold A AF
9 Axg AEsact

A5

ngAE AGEE EXA AAFE 24 HRAHE AZGAJD FHAAYGAA TFASH
t}. High methoxyl pectin(HM pectin : esterification degree, 74%), citric acid(purity,
100%), sodium citrate(purity, 99%), tartaric acid(purity, 99.8%) % malic acid(purity,
9%) e FPLos olgHE Aoz FYIAL wIAE Ay A AT FA
Q7)8ke FA AL FASAFAA, Ave BEA Fepdel N FUF A FHst AL

e
rm
v

J 2o AOACH(14)o] 298] FE& A47tay, 2dMa S Semimicro-kjeldahl®,
ZA W& Soxhletd, 3¥2 APz oA ¢
WA 2 2 RS W gog Yl

A
ol
o
8
R
ofl
i)
ro
=
ot
A
o
o
oft

ugd Ao Az

ndAS A% F o 4497 GABe’ 250 TS & 244 FX B A &
AT 299 nIdAES  Mixer(Kaiser KA-2400, Germany)E X&333L
homogenizer(OMNI, Model NO. 17105, US.A)E #233% t}d 50 mesh A2 33} 3
. GREA g FEL 43" grix A AT 2da qH(EE F
2dsy 23 n gAY 2509 BL Frtsidh o] #8& B3] vIGH 1 kgl 2F
B wdg7 so]2E 21 kg€ & F ARth AR HAH9 wgH H=EAD
°Brix)& ?——l%%b&‘.."}"r‘—q sA%d F1 92 o d5sd F AxdsE AHEIHA
o
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s
18
ot}
w2

AEA AHEHE 489 24L& Ahn §(16)°] AAT wWHE7E o] &% H
o AxZAL Fuddc vgdHy Ao Azxe ndH HolAE 100 gol sucrose 60 g
E ¥, 718319 9 50 °Brixell 2% ¥ #A 719<S W52 pectin(HM pectin) 0.75 g
& %Y1 A JhEstanh oF 55 °Brixdl] &

AFH=E H7D), €8 F=(62 °Brix)7t @ WA stgste vigA A& Az A
SHE AT FHoz AT AYtRe /tdx7]d 05 g8 AU, 4F 212

ol By A% Wrhara

243 ¥ citric acid 0.3 g& 713 92(8&

Textured] A

ugH Mol & ZH(rheological property)S AZ F WA Bdd W& A 45, =
o] 50eme H]AC 4em EolE AL A F£2F Y9 adaptorE AFE-3HY
Rheometer(Model CR-100D, Sun Sci. Co. Japan)® &3 3t do]X force-deformation =4
S 2HE TPA(texture pofile analysis) parameter® 2 7FXx(gel strength)®t A %=
(hardness)=28] 31 &4} (adhesiveness)& ZA 3Tt

olf

AA
9 BF AL 1029 F5A ado) 98 ANGAT. £ gt 4EFH g
24 8 ot 2 Panel2 ste] A%, ¥, %, 247 $2 594 FPPGA :
WeET 49 Foh 34 : BEolnh, 249 : vhmdh, 14 W$ymchoz BiY ¥ 2
e B4 24 g

-

Fac)

)
off

r

v AL

T AL W HE7)9 vlwEte Table 19 UYetRth w9 FEFFS
83.6%2 W HE7] 83%2 Aol7t 2A &t @A g53E e vgErIng 47
344, 202 w33, FEL vYE7I7t a2 AEES YEHlT ANAFE WA
7t wol Ao g vgAd FEAE] B B2 Aoz YERTh

Table 1. Proximate composition of sea mustard stem and sporophyll
(g/100 g )

. Crude Crude Carbo—
Moisture protein lipid hydrate Ash
Sea mustard stem 85.3 0.7 0.9 44 8.7
Sea mustard sporophyll 83.6 24 16 9.1 3.3
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39

I, MEFEA ReEr)e] QA Sao] 23%E Uit @9, 9
A HTHANRS GG L 30~45%18), @A DA e enND FF
& 727 245%, 25.3~206%% 1 EIAAYAAEH, 4249 FANY FFo] B Holg B
ot Ae AANIE B AHWRE T ¥R Aol gF Ao RuYL Uk we
AudAe A4 L e 4EAR 2AZA G FF BN $5T /)15 4

o g2xe I olgAe] grha wddr

i

Table 2. The yield of several alginates obtained from Undaria pinnatifida

Yield (%)

Kinds of extracts

Sea mustard stem Sea mustard sporophyll
Hot-water extractable 10.4+0.12 15.8+0.22"
Water-soluble alginate 3.5+0.03 20.4+0.34
Alkali-soluble alginate 22.3+0.45 33.8+0.37

"Mean%S.D

‘Brix 9 W& vjgH [ EF 54

njdA HolAE 100 go sucrose 60 g, HM pectin 0.75 g @ sodium citrate =&
citric acid 0.3 g& F7I5tL A% T=& 58~66 °BrixZ 2estd AxF oy AF
9} TPA(texture profile analysis) parameters Fig. 13 2t} Sodium citrateE 37}
e A E 2 39 adhesiveness, hardness 2 gel strength 2% ¥=7F $/Hg54E F71
St 58~66 °Brix AF EF7F o= AEQ gelol FAHNY, EHAHE =40l
e wpgRetA 2tk Citric acid® A7Mst9S 29 (Fig. 2% ¥% 371 @&

TPA parameters =718t E7F A 3E sodium citrate$} vl£3 oy greo]l 4 AA
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etk Pl9A A 64 °Brixe] A EREE F7F4 0] AR gel strength7t ZA U
Elsi o}, Citric acid ®7F Al&9) gel strength7} Eo] Ve AL citric acid¥7F2 pH7}F
60114 29622 wolx 7] wiEolgt AzH ). Citric acid A7t HdH8FH FAE A
€ WA, °Brix 64 ¥ 66 A|EE gel strength7} 7Z4dte] A AFo2 FHFe A
FEEHAT A AEE °Brix 629 A&7} 7BF A Eetg 1L, sodium citrate & 7FA]

ol= 249 citric acid 7N EE BHAH A9 g}

poc)

|o

=
=

I adhesiveness(g)
E78 hardness(*100,Dyne/cm?)

600 | g
BEER gel strength(Dyne/cm?)

TPA parameters

58 60 62 64 66
Sugar concentration(Brix)

Fig. 1. Effect of sugar on TPA parameters of sea mustard sporophylls jam.
(The samples were prepared by adding of sucrose 60 g, HM pectin 0.75 g, and
sodium citrate 0.3 g in the sea mustard sporophylls paste 100 g and heating till
reaching the desired concentration of 58~66. Brix.)

1600 4

1400 4 S adhesiveness(g)

A hardness(*100, Dyne/cm?)
1200 1 gmm gel strength(Dyne/cm?)
1000 o

800 A
600 A
400 A

80

-l =l

60 +

TPA parameters

40 A

20 A

58 60 62 64 66

Sugar concentration(Brix)

Fig. 2. Effect of sugar on TPA parameters of sea mustard sporophylls jam.
(The samples were prepared by adding of sucrose 60 g, HM pectin 0.75 g and
citric acid 03 g in the sea mustard sporophylls paste 100 g and heating till
reaching the desired concentration of 58~66. Brix.)

- 122 ~



HM pectin® #7149 Fxo @& vg7 A9 £ 54

u g7 FHo]AE 100 goll sucrose 60 g citric acid 0.3 g& #7}53 HM pecting
025~125 go] WA= g2 H7tsted AxF wd AF62 °Brix)9] 4L Fig. 3%
Zt} vdH ML pectin 025 g FIMAEANA %7 gelo] FAHAT 11 o] F=
AME 7E3 7t ARS G ol pectin 7HEe] FFE AA wEd,
ngAd e DEA BZQ 49 ] Fol &Y AFo] e B E 9
gL ux= Aow Alg®tl vdA HolAE 100 gol Sucrose 60 g HM pectin 0.75

[e]

g& HI}SIAL citric acid® 0.1~05 go] M E F7ste] A=T AFE62 °Brix)¥ 4
< 4929 Fig 49 2t Citric acid®) 3d7} $%7 $7185+% TPA parameterk©l
Z7tsl9n B5¥o2 B o QA citric acid 0.3 g B7F AFol HF Fha I ol
o] A7} AEL gel strength7t UF 2o 33, vjdH] #Ho|2E 100 g9l sucrose 60
g, HM pectin 0.75 g 2 3% 7|2 (tartaric acid, citric acid, malic acid)€ 27t 03 g
A7t A28 AZF62 °Brix)d TPA parameter:= Fig. 5% Zt. Gel strengthe
tartaric acid, citric acid 283 malic acid £22 JElstEH, ol& pHe 93] Avdn
B, Z7be] {7)4ko] BlGH pasteel A9l pHE RW tartaric acid= pH 2.64, citric
acid= pH 2.82, malic acid pH 2.88% Y eyt |

u g7 go]2E 100 gol Sucrose 60 g3 HM pectin 0.75 g< #7}3t3L sodium citrate
E 01~05 g9 ¥ Frstd Aze AFG2 °Brix)d B4 AW RW Fig. 6% 2
t}. sodium citrated A7} X7} 27185E nulsA Ut FHRAT BeH e &
o gel strength o PIXE FFL AU 01~05 ¢ BF Hl%T &S YEHANL, gel
FAE agA FA EIH.
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1000 4 puma adhesiveness(g)
hardness(*100,Dynefcm?)
800 | EEEE gel strength(Dyne/cm?)

600 -

400

TPA parameters

0.25 0.50 0.75 1.00 1.25
Pectin concentration(%)

Fig. 3. Effect of HM pectin on TPA parameters of sea mustard sporophylls jam.

(The samples were prepared by adding of sucrose 60 g, HM pectin 025~1.25 g and
citric acid 03 g in the sea mustard sporophylls paste 100g and heating till reaching
the desired concentration of 62 °Brix.)

1200 4 o adhesiveness(g)

1000 - hardness(*100, Dyne/cm?)
EEEE gel strength(Dyne/cm?)
800 A

600 -

400

200

TPA parameters

0.1 0.2 0.3 0.4 0.5
Citric acid(%,w/w)

Fig. 4. Effect of citric acid on TPA parameters of sea mustard sporophylls jam.

(The samples were prepared by adding of sucrose 60 g, HM pectin 0.75 g and citric
acid 0.1~05 g in the sea mustard sporophylls paste 100 g and heating till reaching the
desired concentration of 62 °Brix.)
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1000
adhesiveness(g)
hardness(*100, Dyne/cm?)

800

EE gel strength(Dynefcm?)

=M

600

400 4

200
30

TPA parameters

20

10 4

tartaric acid citric acid malic acid
Organic acids

Fig. 5. Effect of organic acids on TPA parameters of sea mustard sporophylls jam.

( The samples were prepared by adding of sucrose 60 g, HM pectin 075 g and each
organic acid(tartaric acid, citric acid, malic acid) 0.3 g in the sea mustard sporophylls
paste 100 g and heating till reaching the desired concentration of °Brix.)

800
700 adhesiveness(g)

8 hardness(*100, Dyne/cm?)
600 BEER gel strength(Dyne/cm?)

500 4

TPA parameters

0.1 0.2 0.3 0.4 0.5
Sodium citrate(%,w/w)

Fig. 6. Effect of sodium citrate on TPA parameters of sea mustard sporophylls jam.

(The samples were prepared by adding of sucrose 60 g, HM pectin 075 g and
sodium citrate 0.1~05 g in the sea mustard sporophylls paste 100 g and heating till
reaching the desired concentration of 62 °Brix.)

e Ao B5A 54
A7) ARNE Hgez $savn BudE HdA AEGHA HA2E 100 gof

sucrose 60 g, HM pectin 0.75 g 2 citric acid 0.3 g& #7183 71E3sto 62 °Brix®
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g AF A vI9A Hol2E 100 gol sucrose 60 g, HM pectin 0.75 ¢ 2 citric acid
03 g, A9 745 05 g& H7HE AF BY 7Hdx7)d AA7FE 05 g& Fvltstzn 71
A3 HA4 27138 008 g AU A4 AF O)9 FAL 10919 Fdd #5HA &
HAe B3 v, AEF A= Table 33 2t}

Table 3. Sensory evalution of the sea mustard sporophylls jam

Mean score

Sample
; Overall
jam Texture Odor Taste Color
acceptance
A 317 2.1% 212 2.9% 2.4?
B 2.5° 2.8 2.8 2.5° 2.4°
C 2.7 35° 3.2° 2.8° 3.1°

*b 1 Mean scores of the same letter within a column are not significantly different

at the 5% level. 5-point hedonic scale : 5 ; very good, 4 ; good, 3 ; acceptable, 2 ;
poor, 1 ; very poor.

AT e BeH B4 2N WAL 37H AFe gol HME® 3FE BYo
4, % 2 BAE ASsRd 84 278 2R AF O AR SFsge, AE
C7b AR Hy 2I1% oz Ad MGni A=A AoAsel BEHstY
237t o $49 Aoz vehgth Bel e AxA7 gl AW AF C A
Fu, e A w2 G YHART. dARe AvAT ¥4 wr1Re W%
@ AE CF o S5 deRh old A% WFo] mAEs] Aol 4dsts] 93
A wleel BzHs AA Ex Aslst ot 47,

1L "99 #9449 fucoxanthin &% v]dY 876 mg/100g, Pl¥E7]°] 62.4 mg/100g
a3 Al 1277 mg/100gE et ulgFA¢ FfHo] & fucoxanthingFo]
vggel M) 14W, wgEvldl uwls 208 o FHEH g FAoE UEnETth
Fucoxanthing 444nmol A HAPEFFITHE U= AP A carotenoids®] #33H4
E4L& Jvedd. b9ge EA%E  fucoxanthing £ E 3, silica gel column

chromatography 9} HPLC +3¥& o]&3te ¥a AAst:, doj@ fucoxanthin® AF A
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AErel Ax Ao 9 RZAatste] o] &35ttt Q1A A A 50 UM fucoxanthing 37Tl A
TN AEABNZ A3}, 5749 atsEo] AAHAUG. ol E AFEL in vitro B9
A8 A z2A3 oA fucoxanthin AHEAMs] &) A Y ASNEAEZ AFHAY

o] A e gz LA G4 FEHA AT Mg & F&ol

g Adz AX 228 o3, 5
A wolaEe] AH®, HM pectin @ #7I2HEE #7199 €82 HrbstdA <
FENA MG, 5T oS A AFL
ARt T 2718 AR F 7hete] Azstdoh B ARA A", H9E, #714F R
F714d0] AEY B vAE 9L 7AY L A5HoZ AHE A, v H o
Eo] M® 60%(w/w), HM pectin 0.75%(w/w), citric acid 0.3%(w/w)& H7}3stdq 62,
Brix2 & AFol EAANA FEstRm, vld EF9 viFA A £ AxHE A
7} 3 A HF 05%(w/w)st A 271 008%(w/w)g M AFol BTHLE
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FU AdelA AVEE A2F FANFE TTAEC 2o OPE Fo GEFY
A Jewa ohue F4 71&e wue dstel w9, dAE, A5l wd T
ARHI Qo] o1F o8 M2E AFAFY Aol 27T Yok olF 7, WY, o
Avke #9ZF AT 9238 AAstE FHojre F& £Sdolth AHxFAE 2

# 4§ AE, 2905 59 F/3 4, #4F vsase JEYEs oyl I

-

EZZ QAT 9= porphyran, fucoidan, alginic acid
TY A UBRI GF FREHY Yo ol AEFY & AL " E=odu A
2. 2822 09 gAul 4 FE5ES ol&3 AES MLste AL X

27 oY E &R A% FHF FRIAE vigATn & 5 Y7 ol AF

FIIANE Ansta, HEFe AATINE FHIAY, AqAA ] BAFE oS A
o AIARBRANN HZFE ol V1€ HxFIATHES FEAAAHR A2E 9
27 7hEAFEe LS A A7 E IR
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ol #AtE 7714 wadgd dE AEde A9 AR vgdE 120 mg%,Y
Soisle. a8lx M a4 FUIEEAN ¥ o I5H Heo FFL m Yo
7.0 mg%°] At}

HAdxd A, vY gAamte B FE5EE AR, sucrose, citric acidE ®i§slx,
agarg AHg3ste] " & A|x3}il, gel strength, hardness, adhesiveness 5 2¥ g EA
o] il BFAHAE 43T A E Az
a2y AxF A E AEIsted o, shxR7E Ze sz dyaie dAst
FEEHY 242 YFHAUAD

et vlde) JSAYES E4A7IR @i, vy FEE FHYE s 3
ZFH7 vi=74a 9y

P

Hx=H M27d 4

Az 2Py

As

G2 Y, AR A BE AYAHAN THSHRAT, SE A G L AEF)oH
7t 258 FYstd AM8-393, BACTO AGAR, citric acid(purity, 100%)E 24342
2 oj&HE AHLE FY3AY. d7)d FE2A] HIM} EAZE Cellucast®} Pectinex &
Ar8-3h gt

ne, gAu, 29 F%, 5
Ful® ole, Al

e

, A& Ax70A 24hr A2E F ball mill2 80mesh AT £
€ ¥R EEsHA Algz o&ayth. £%d 13W TFY FTHFE (RS
2001) 50°C water bathell Al ARFSIAA 2A17HEHFH S 100TC 3AZH) &
30minZt AL ] H& FTHL FYFZVE ol &35t Shrix2 FFAI F AE

2 o) g3k

.T.z

e
o
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®
S
S
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3

gride &

olE AuigE & 2hrES B FAAA vigd dolgle €& AAsHL 60T Hx
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714 24hr 2% F ball mill2 80mesh #4138 22 control2 3t FEE AAT
1 gE 100C ZFE 29 10sec¥ X blanching A7 F Ax§ Ew3 pH4Z 23 citric
{943 pHI0L.Z T&E NaCOs; €949 blanching A7 F AxF ETe WA

A ARE o] &3ttt e Bdd 13wl A 208 T FHTE

AEY 48 B £2L& FE Cellulase& 29 Celluclast$} pectin® E3lst1 #FH
Aol A7t £ pectinase T 22 PectinexE 713l 50°C water batholl A wuklA XA
2hr&¢t 53t 8000rpm 30minZt YA EY sl U J5d& 3td FEEE o

& Semimicro-kjeldahl'd,
Model 730P)E& ©|-&3to] A3

|3
o
X
a8
o
e
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fuiet
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oo
o
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©

WAL ES AT

z#g

AL &3 FAAYPE o839 g 2ol ZAIFATL. AR 150g 149 HA
Ao, & 50mE 7hate 1A 7HE Bl F ojAS waZeaad &Un B& vt
A 122 3ta, F EEAN o3, oo 100E ANA FSdd 25730mE o). o)
A& W73l 95% ethanol 200mE 2 EEWA 718lA #HALEE ARG FE3) F
AN F vE Az AF & AARA N AAES 95% ethanol® A& s, i
¥ EE AL 43 AFHsY &0

& (water bath)dolA A3 SHARS T, 100CH2 02 ARNA HFF.

4

e 14kgo2HE F5E 84kg, TAlvtE LlkgoE2HE 102kg, A& 21kgo 2 5H
85kgs FEF AU dolz HAA FHES YFao] WolFL e d o 7ol
A7 AZYSE2 ALt EF HZE 100go] sucrose 60gE ¥ 10 minZt
(55brix) 7FE3sta FAA 7tEE& WET agar 0.8714gS& ¥ A% /D39 oF 60brix
of E&3% % citric acid 0.3g& 7}& ©+ & & 67brix7}t % q7rA) 7tddd & dAg
(mold)ell Fo] H2oA 23 F dry ovendlA 30C, 12hr AF3tY jxH7 A

fufm

o
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oo Ade H7ME HutEe we g 37kA WHeE AZSUT Table 19
g E YeEtddTh AuY FE5ES Ay ARYEE ALSd A Axd A= 9
ot 2 e ol &EAL oW TE FAEEY HUFHS A d¥gEH HFH 2
agar 1.2g, citric acid 0.3g, brix 67°¢) ZZd] @Fo] A E AR AT}

mlo

Table 1 Comparison of the jelly made with different kinds of factor.

seaweed extract (g) sucrose (g) agar (g) citric acid (g) brix (°)

control 100(water) 60 1.2 0.3 67
I-1 100 60 0.8 0.3 67
1-2 100 60 1.0 0.3 67
I-3 100 60 1.2 0.3 67
I-4 100 60 14 0.3 67
I-1 100 60 1.2 0.2 67
m-2 100 60 1.2 0.3 67
n-3 100 60 1.2 04 67
-4 100 60 1.2 0.5 67
m-1 100 60 1.2 0.2 63
m-2 100 60 1.2 0.3 65
-3 100 60 1.2 0.4 67
-4 100 60 1.2 0.5 69

A FEES o83 A B4 =34
Azl 9] z2 7 (Rheological property)& ?*ﬂ?:i T W Raa AYE VIR, AR, ¥ol&

247} 2cm, lem, lem ¥ F3 33 939 adaptor 1H-E A}83t9 Rheo meter(Model
CR-100D, Sun SCI. CO. Japan)*)A] gel strength$} hardness 123 adhesiveness& &
A, =2 2A0EE £9 Zo] 0.8mm= 3§t table speed @ 120 mm/min, load cell
: 10kg 22 394

= 4
A== Hunter L, a, b color system® 7}* 3 $l& Spectrophotometer& AHg3te] Ag

o ARE AAse] LFE), a(BAE), HBAE) & FFHA0h

24

i
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el BE5PAE 1589 BSAA 290 98 ANSATt A 7
A4, ATAL N alo] A7, F %, 2P 5 5974 FAAGH : BT,
D) 3% BEold 27 ¢ v, 1 Symd)oz WS ¥ ARE A 2
A seo.

n:

FE,55% "9 pH 691 8 954%, Z3|Ho| 2549 WY gEFo] 0.1%E Y
BRI dAnt FFELS 597, 949%, 1.38%, 0.13%, # ¥HEL 667, 93.2%, 1.12%,
007%% & HeEtdY (Table 2). W9, tAlml, Y 5 F&& 7o) 67.75%, THAl
ak 92.1%, Aol 721%% TAwrt b E& F&o] wdth

qx FEES HUIEt AYARA 22AA A g BE " B4 Xole
Table 39 YetWo. AT ZEF7l agar®o] Z7185E  adhesiveness, strength,
hardness#te] Z7tste & & & Jevl o 2H2 & 9 agar¥Fo] I7HEFE @Ed

< & 5 ARG citric acidFl WEHAE citric acid H7FHEol
THEFE RE AT wolx(-)gk BoR FUbste A%E BAUL brxG 7t F
F agar A7HF S7MAS vs® AFS YT ZEE AT dx2Te 53
AotEs e Aolg YeWEd ot ARFE FUSEE 39 Az Ayd AxFE
H7VehA & Alzxg AP Aojz oA,

=)

2
el
tlo
l-'ﬂ
i
+
3o
o
rr
po)

Table 2. Proximate composition of seaweeds extracted.

pH moisture (%) ash (%) crude protein (%) yield

54 a1 95.4 9254 0.1 67.75
mustard
sea tangle 597 949 1.38 0.13 92.1
laver 6.67 93.2 1.12 0.07 72.1
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Table 3. Experimental combinations and data under various conditions of agar

(1), citric acid(II), brix(Ill) and their responses.

TPA parameter control | I-1 1-2 I1-3 I1-4
adhesiveness(g) -3 -20 -64 -24 -13
sea mustard
- strength(dyne/cat) 4109 412 1406 630 1641
ey hardness (100, dyne/crt) | 354 | 35 | 122 | 54 | 142
sea tangle adhesiveness(g) -3 -9 -18 -12 -9
jelly strength(dyne/crt) 4109 | 3607 | 9494 | 10942 | 12562
hardness (*100, dyne/cm) 354 313 826 2867 | 1093
adhesiveness(g) -3 -85 =79 | -127 | -98
laver jelly strength(dyne/crr) 4109 | 3639 | 7528 | 7951 | 19208
hardness (*100, dyne/cr) 354 316 655 692 1671
TPA parameter control | -1 | I-2 | -3 | II-4
adhesiveness(g) -3 -20 -99 -84 -57
sea mustard
1l strength(dyne/cr’) 4109 | 6049 | 5837 | 2771 | 1252
ey hardness (+100, dyne/crt) | 354 | 526 | 508 | 241 | 109
adhesiveness(g) -3 -12 -28 -18 -66
sea tangle
- strength(dyne/crr) 4109 | 11367 | 12666 | 8489 | 4305
e hardness (100, dyne/cr) | 354 | 989 | 1102 | 738 | 374
adhesiveness(g) -3 -33 -35 -91 | -112
laver jelly strength(dyne/cn’) 4109 | 12157 | 5821 | 2864 | 4342
hardness (*100, dyne/crf) 354 1058 506 249 377
TPA parameter control | M-1 | M-2 m-3 | m-4
adhesiveness(g) -3 -43 -48 -34 | -270
sea mustard
1l strength(dyne/cir) 4109 | 1302 | 2744 | 4326 | 5557
ey hardness (*100, dyne/cit) | 354 | 113 | 238 | 376 | 483
adhesiveness(g) -3 -14 -49 -40 -28
sea tangle
1l strength(dyne/cr) 4109 | 1979 | 2632 | 2679 | 1753
ey hardness (100, dyne/crt) | 354 | 172 | 229 | 233 | 152
adhesiveness(g) -3 -64 -63 | -113 | -115
laver jelly strength(dyne/cuf) 4109 | 2389 | 2279 | 5279 | 8117
hardness (*¥100, dyne/cr) 354 | 2079 | 198 459 706
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Table 4. Color values of seaweeds jelly.

Hunter
control I1-1 I1-2 I-3 1-4
value
L 73.72 77.69 60.36 68.53 70.79
sea mustard
el a -0.95 ~-4.48 -1.53 -5.32 -5.65
1y b 321 15.00 366 1716 | 2229
L 73.72 66.56 75.03 69.81 7154
sea tangle jelly a -0.95 -2.18 -2.7 -3.65 -2.8
b 3.21 12.39 19.71 19.66 29.93
L 73.72 44,19 36.29 49.64 48.25
laver jelly a -0.95 24.4 24.73 23.44 21.7
b 3.21 2858 16.92 37.81 34.12
Hunter
control -1 o-2 o-3 -4
value
L 73.72 69.15 58.1 64.55 63.24
sea mustard
el a -0.95 -5.22 ~-0.1 -3.31 -2.63
ey b 321 1799 | 3441 3548 | 3676
L 73.72 68.46 7247 65.88 70.47
sea tangle jelly a -0.95 =-3.77 ~-3.36 ~4.22 -4.17
b 321 20.1 22.06 18.06 18.45
L 73.72 39.96 40.87 39.05 41.41
laver jelly a -0.95 27.26 26.74 26.52 29.07
b 3.21 20.53 21.01 19.43 23.75
Hunter
control m-1 m-2 m-3 -4
value
L 73.72 75.18 70.43 59.34 52.65
sea mustard
ol a -0.95 -5.17 -5.62 -0.96 0.68
ey b 321 188 2147 | 3518 | 325
L 73.72 67.44 67.13 66.36 69.07
sea tangle jelly a -0.95 -4.38 -4.23 -39 -3.82
b 3.21 16.18 16.71 1757 21.11
L 73.72 44 .27 4552 4417 42.02
laver jelly a -0.95 26.85 25.23 26.19 25.83
b 3.21 29.01 30.46 27.04 25.61
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Table 4] Yehdth. 2E Azl TN Lt dE277h ARtk ¥4 agarZol s
A 2 Aozt 9L A AxF EF0 webd Lak) Rolst Ak wG o
Avk Ao Lgke Wxan A Aelst sbg e Lakg dehith agE Latw oha
A7 Age YT AEE nzAdsde dFRoE SEF A AR Ho] WEQ
Aoz AZHT we, gAst e BF agro] sholua()gke vEl SM¢ A
o4 AW FHAMHRES YEHAL 2 Aot @9dh bgke vd, A, 7 As
22 H4E 3RS YEAD REASAY Bhgel dF 93 8 AolE YR

Table 5. Sensory evaluation of seaweeds jelly.

ample jelly) ol | 1-1 | 12 | 18 | 14
mean score

taste 2.5° 1.3 15° 1.7 1.8°

color 3.2 21 | 25 | 26 2.1%

sea mustard Y . a a a

‘elly oder 25 3.3 2.4 3.3 2.8
texture 2.3 | 13 | 20%° | 16% | 23

favorite 2.5 1.3 15° 1.9* | 20*

taste 2.5° 2.7 3.0° 3.3 3.2°

color 322 | 37*® | 40° 39° | 37

sea tangle jelly oder 25° 3.0° 3.3 3.2 3.3
texture 2.3 | 27° 3.5 3.7 3.8

favorite 2.5 2,67 34° 347 347

taste 2.5 3.0° 36° 35° 3.3°
color 328 | 334 | 32b¢ | 320 | 29%°

laver jelly oder 25° 3.3 3.3° 3.1° 29°
texture 2.3%be 3.1%¢ 3.1%¢ 3.6° 39°

favorite 25° 3.2° 36° 36° 37
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ample jelly

ean Scors control | II-1 n-2 I-3 on-4

taste 25° 19° 18° 1.7 1.7

<en mustard color 3.2: 3.0*° 25° 2.8 2.5
celly oder 25 25> 2.0° 2200 | 2.7
texture 2.3 | 27 2.6° 1.8*° 14°

favorite 25° 2.4 1.8 2.0° 1.7

taste 25° 3.2 2.9° 2.8° 2.9°

color 328 39° 36° 37 3.8

sea tangle jelly oder 2.5° 35° 35° 35° 3.6°
texture 2.3*>¢ | 354 | 35 | 34°4 | 3.2

favorite 25° 3.4° 3.1°¢ 3.3 3.4

taste 2.5° 38° 36> | 33 | 34

color 32% | 35 | 33 | 34% | 34

laver jelly oder 25° | 33 | 30% | 32> | 30%
texture 2.3*¢ | 40° 36 3204 | 3.3+

favorite 25° 4.0° 3.6° 36° 3.7

ample jelly

mean Scors control | M-1 m-2 m-3 m-4

taste 2.5° 1.7 1.8° 15 15

ce mustard color 3.2: 250 | 29%c | 292 2.2
elly oder 25 3.0° 3.1° 2.6 25°
texture 230 | 17 20%° | 2.3%c | 28"

favorite 25° 1.8 2.3*b 1.8 2.1*b

taste 2.5% 28> | 28 | 29 2.7°

color 3.2° 4. 38% | 36% | 35%

sea tangle jelly oder 2.5° 29° 3.2 2.8 2.9°
texture 2.3%be | 933bc | ggabe | oot | g%

favorite 25° 28> | 294 | 28b | 297

taste 25* | 3004 | 354 | 36% | 37°

color 3.2° 26 | 31° | 32 | 33

laver jelly oder 25° 2.7 2.9° 29 2.7
texture 2.3 | 31° 3.3 33 3.3¢

favorite 25* | 2.8 | 33% 36° 3.4%
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Sz FE2ES AUetd A AxA BxAsA 9 At wE "o ARt 2R
T table 59 Yeldlth A AzA BRE AYFAA ARF F E

ste] AzE A Ut M HIEvF 243 gAEL A FEES HUbete] Axd 2
&oldth. 53] ngde g Eqo slxFe At olgld AT FA ¥k vg,
thAlel, 2 e BF agar®@o]l Bol HUMESE AAHA Azt ggted tAlvte
A4 agar®o) 1.0g ol@LwWrt E%on 10g 2ok o ®ol st = #FHQ o
T YEtA EArh citric acid@& g@lstd Az Ao #5HUA FolE citric acid
ZFol 02g A7t wt mld, dAlml, RAe BE A5/t A UL ciric acid H7}
Fo] Z7etd #EAE AU Y brix( )l wWE A BFHA Xole 7
o A9 vt A 65brix Wzt MAHQL JIZE/F #%n HAYE 67brix LW
b #5AJA FA7 M =ik

2. A ZF7F 927 (masking)® &xAe

AAE e 21& 242 FH 4, blanching, citric acidd ], Na,COsx &l & Aujd S HEE
date] ol BEg IdFFE3e FEYE dAh o] | FE2E& ¢ 4t HA 3
7] A8 FEA % BFAZ CelluclastE 49} PectinexBAE ©]&3td oAES 4%
nEZoZ W/t A 2L HEE ¥ AsEte $HEE AEEte] AEE EYEk
. #2237 Table 69 24 2& F dAce] AAYAA opFAIE x| Fx
3t FEA EFELE AUl FEHYEE o ©E 220 us W 2 v

(o]

k=3

S AUt gdE E7stn & EEEEY Be F248 48 5 UL, 24
)
p =

N
M

o

il

7betAl 3 FEF WrY 54F HUhsld &% | © B FEds ¢
e 237t g AAe 22 FEACAE vestth 22y citric acidd #lst 4
3]

22 o 2RAME FE2HE
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A~
T

o

Tlo
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Table 6. Quantity of fresh sea mustard extract.

enzyme dilution total extraction(g)
130g*13 720
control C 130g*13 748
P 130g*13 780
C+P 130g*13 913
C 130g*15 482
blanching P 130g*15 550
C+P 130g*15 672
C 120g*19 511
NazCOs P 120g*19 o576
C+P 120g*19 843

C: Celluclast
P: Pectinex
C+P: Celluclast+Pectinex(1:1)

Table 7. Proximate composition of fresh sea mustard extracted.

enzyme moisture (%) ash (%) crude pectin (%) pH

81.09 0.8013 0.0824 6.06

Control C 82.04 0.7969 0.0832 6.10
P 83.24 0.8002 0.0721 6.08

C+P 82.77 0.8015 0.0791 6.12

C 85.74 0.8284 0.0932 6.38

Blanching P 86.54 0.8012 0.0812 6.32
C+P 86.00 0.8148 0.0896 6.48

C 87.23 0.7906 0.0952 541

NaxCOs3 P 89.10 0.7996 0.0856 543
C+P 88.46 0.8012 0.0889 547

C: Celluclast
P: Pectinex
C+P: Celluclast+Pectinex(1:1)
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Table 8. Experimental combinations and data under various conditions of fresh

sea mustard jelly.

adhesiveness strength hardness
enzyme
(g) (dyne/cr) (%100, dyne/cr)
1016.66 513.44 1490.33
C 1126.00 613.00 1610.22
Control

P 736.66 368.33 1179.98

C+P 510.00 300.00 1248.88

C 1328.00 664 2092.82

Blanching P 517.00 308.00 1047.36
C+P 320.00 127.50 681.01

C 693.33 346.66 759.47

NazCO3 P 250.00 125.00 236.71
C+P 710.00 355.00 1300.27

C: Celluclast
P: Pectinex
C+P: Celluclast+Pectinex(1:1)

Augd Z7] g HAAEE st dojz BT FEo EE FE A dE E4E
A7tsl F&£% A B8 ol &3td Axd A EY adhesiveness, strength, hardness
S F& Table 8o et 53 Ax olFd AXYE A Fu 52 9
BEAE AHVBIA &3 gdojd A FEE o]fF TE UYERTE adhesiveness 1016.66,
strength 513.44, hardness 1490.33¢] %<& YR, o

celluclastﬁi% A7V E Wt gtso] Zitste AE BT YA Pectinex&A4H
EHELE HUMeto AR E AR ASL YEC EF #F2dE AHRE e 9
ugd & HAAYE 3t dojA sampleEAA T HET AFS YERAN

tio

i

rot

v
ol
ox.
ook
flo
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U Na,COz2 AAHEE 3t Aol sampledl A& celluclastEAE H7He AgRts

BAEL 23989 ge] Faste 24E Jed

190 2471 B8 AAEHE st Qo BHo] F59) =& F& 47l & &4
€S 7Pt 23 ABE o839 AxF AYEY A=XNE FAHT e Table 9
o et &3 A3 olFd AHYE X G AR £, FE2L W 54 E
A7bekA F3 F2@ ARE ol 8% dxRTE BEE vEhlE Litol 8398 HAxE
Yehll e aftel -312, FA=E el E bgtol 5379 A#E JYeldt. 548 7}
gt AT AL FAHIFIL 9 celluclastE 29} pectinex TAE FU7beto Axd A
T HExTe Hxe S 2ied EFELE FUetY AxE Ae LA =& F
7tes BAT. ol A & AAYE o Az Az ¥ &sA YEgE
U o2 Na,CO:2 AAYE 3] d& sampledl = EFELE A/MEIGE Wag
pectinex 84 H7FIAE W R & Lol FAHAL AAYE A ¥E W
agtol mholu=(-)g& Yehd w9 Eo Al A siztgled AAHE FoEH
HARGE A 717A vdehde 28 2 F Ao

o=
=

Table 9. Color values of fresh sea mustard jelly.

enzyme L a b
88.98 -3.12 5.37
Control c 89.03 -2.40 5.24
D 89.56 -2.09 7.10
ctp 104.90 -4.08 2.33
c 63.68 5.85 -9.96
Blanching p 74.19 2.95 -6.95
C*p 92.68 -1.27 4.39
c 70.58 5.99 -1441
NaxCO3 D 98.33 -2.58 4.99
c+p 78.64 3.83 -13.50

C: Celluclast
P: Pectinex
C+P: Celluclast+Pectinex(1:1)
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Table 10. Sensory evaluation of fresh sea mustard jelly.

enzyme taste color oder texture favorite
2.66> 3.73% 2.26*° 3.40% 2.86%0cd

B 3.00* 3.80° 313 286bede 3.46°
C 2.86%° 3.66% 2.60% 32074t 313%Ped
C&B 293" 3.53%f 2.86°¢ 3.46% 3.06*2<4

Control

P 2.80*° 3.66 2.66%¢f 32094t 300%Ped
P&B 2.66 333bedet g qg3del 3.20%%ef  313*bed

C+P 3.00%° 3.60° 2.46%" 3.33% 3.26°¢

C+P&B 2.86°P 3.66% 2.73%f 3.1304ef 3.20°4
C 3.00*" 3.06°% 2.06* 3.80° 3.00*°<4

C&pP 3.00*P 2.80°¢ 3.00°¢ 2.93%%¢ 2.73%1
P 3.06° 3.66% 2.40%1 353 3.00*><4

Blanching

P&B 2.80*° 3.33bcdet 2.93"¢ 3.26% 3.13%0ed
C+P 2.73 3.20°cdef 3.06° 3.46> 3.13*0cd

C+P&B 2.86*° 3.40%4et 2.80%ef 3.26%f 3.26%¢

C 3.33*° 3.26°cdet 3.06° 3.06°%¢ 3.26°¢

C&B 3.06" 3.06><%¢ 3.26*° 3.26% 3.33%¢
P 2.86*° 2.86>4 2.60%¢ 2.60%cd 9 ggrbed

NaxCO3

P&B 2.66° 3.06><%e 2.80%f 2.93°%¢ 3.00*P<d

C+P 2.80% 2.66° 2.53%¢ 2.20° 253"

C+P&B 2.86*" 2.80° 2.80%f 2.13° 2.60°°

B: B-cyclodextrin
C: Celluclast
P: Pectinex

C+P: Celluclast+Pectinex(1:1)
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B7} Z3#E Table 59 Yebdth &g AzA 91 HA12 maskingol =& F7]
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2 Aol 7z BA WIHATHE =g o|9d ZdlE 4 7t

A 7154 248 Fstd 2 /%A A Q77 23 APH3 Yok
v & (Undaria pinnatifida)® StAwHLaminaria japonica)e ZZF(brown algae)®] o™
4 Fog vy /A, vew 2 MHid AES iR dE ¢FL HFL
24 $8 Add uj¢ A2F HFolx, oF FHEFE FFFoz EAHA AEA
dEHE UdF Fastn e, ols dwRFE 9, tdalwt FoE uronic acid E3HA

A alginic acid FEE 20~30% A= FHH A3, FArlg F/HT 44 g2l o
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3 & Az o WY $71E Z7 REol F =& FA PA 43
o ARAAE TEHY F WY F APREL AN BYNEE ASAQG. EY
bEGE nYEs GPREOE Fol ¥ APREA AUFE ABER ojHetd

R
HF % BCES AASA olF 2"HEdA Aol B AMAA A& 32 °
3T
Fig 19 =833 33 AxFTHEE Yk

Table 1. 3|39 Azl gn)

7% &7 20% 8 | 5 T

A T3

B ThA R 300g
C gAmtEE  500g
D 7] 60L vzt 20L | 2+ 10kg | SHAIRHEE 1000g
E Rty 300g
F ng gy 500g
G udE2E  1000g
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B39 pH® ORPE pH-ion meter(istek, Model 730P)&, At=& F3lyel &3,
F99L Somogyi B, 299 AFLE Phenol-H.SOMMLE 470 mollAH F3EE &
AT olul At HAA(NH-N)& I Ao gdryolyd AL FHFE W
2

X
A o] Wel: «F:EE FFE S

ol

f
i
i
=
pou)

A

939 AMx = Az}A(Chromameter, Model CR-300, Mimolta Co., Japan)® L, a, b
#e A8t Hagez Jehido Mxe MAF Fho]l L = 9706, a = 004, b =
1.8491 ¥F WAR(Calibration Plate, CR-143) 9o T3 =A39 . €32 Hunter L,
, b Fo2RY gg 2 st FAMRH(Total color difference ; AE)RLE AatA.

o8}

AE = [(Lsample - Lstalndard)2 + (asample - astandard)2 + (bsample - bs,tandard)z]l/2

ASAANE Exgistn AEFFeE Ygtd € 7Y 158e Uz, @39 o A,
ol Q3 7155 @ FFH 71554 detd 58 FHHEN: ofF UE, 20 UE, 3 EF,
4: £& 5 o}F F8)02 Hr1e & Duncan’s test® oA HA3NA 5

AAL 8ol AE Zzte) 84 10 g, Foll W Hrk Ag, 84 FA 0 AFHH 4 4
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< B4E ZAE Table 25 2o}, ¢S dwbH o2 4878~5081%2 & Aole s
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Table 2. Proximate analysis of Doenjang fermented for 90 days. (unit : %)
Control I I m v
Moisture 51.99 50.33 4891 50.81 48.78
Carbohydrates 14.54 18.13 19.40 13.13 18.65
Crude protein 12.86 11.74 11.84 15.44 1144
Crude fat 549 5.21 4.75 593 5.17
Ash 1512 14.89 15.12 14.69 1596

I @ 1% addition of sea mustard I : 19 addition of sweet tangle

IM @ 1% addition of anchovy IV : 1% addition of sweet tangle and anchovy
714 &%
e, chalnl @ AR Asbeted BTN 0UT $4A F BE BHES

A% e Table 39 Toh FrI4RE Aoz tarte dx £% H7b A
HETete] Zolg BT Cad 7o vlste] thAlvt H7b77F 017 me%= 22 &
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€ BEow v, dXEY 283 dAvte EXET ke A$ A4 1055
mg%, 107,3 mgls 1|3l 1053 mg%=E =T 103.6 mg%el ¥]3t
ot Mge] 5 dEZ2T7F 140 me% Hom gAutel gx2Eg dore AETY A
T 47 283 me%St 278 m%E 2¥AE Eskon nde HURE BT 217 me%
gFe BA xR 22X HArl @FoA Na dizTd b8 Yoy Ke
$ 28 =7 A JElRTh dRRoz 93 Ax A AFFe 9 59 2TE 2t
T OYgE v AEEL 25T F Je AeE Jdd. =9 Agan JFHY

Fo2 AAST ol A4y Aok HHZ AT FEF Na,
Fo K A3 8748 n8Y 4us fusiA 8o 2ud vy & # 239 4%

2
i)
k>
i
flo
5
tjo
o
9%/

o hu
o

o

o fdd Ao AGHrh Zn, Fe 59 FI/AEE dxTFRY xFH, 2 H7HA
o A7t AA YEhd olF ol U89 d¥goE UFHT Sed o= FFAANE A
EHA &
Table 3. Mineral content of Doenjang fermented for 90 days. (mg/g)
composition control I I I 1\%

Ca 103.6 105.5 91.7 107.3 105.3

Mg 140.1 217.6 2835 2779 219.9

K 12374 15195 21286 2186.0 1572.6

Zn 15 1.6 1.7 16 2.0

Fe 2.7 3.3 3.8 2.8 3.1

Na 8349.6 7712.0 101478 10626.0 8428.6

Se - - - - -

I : 1% addition of sea mustard IT : 1% addition of sweet tangle
I : 1% addition of anchovy IV : 1% addition of sweet tangle and anchovy

ol3tst5 44

VS Azt Q7T KA F, ojgety JE®E AT 23 Table 43 2t}
pHe= & detdied, dxTd vg sizf A7 E £33, 21 44 ¥
A WERRS. olsh & pH Adte £4 F v E o8 APHE /714 4T AL

-
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ATk EFALL pHS utiz UElsth o8 o] g A AEQ ERE HIHNE ds
AFG AEQ ExE HMEe "WE AE Awd A3%E Yehidoh. ORP(Oxidation
Reduction Potential)gt& @x #7te] A$7t 28 E¢Ed, ol HE 48std Hro=

e A gol GE AnT 27 FUI § & Qed A APAF) BE) Y

Bube S4olgn AZEt BUFelt 339 A% AxF Bol TelgE GRFE
s LEEEF FhAN VE NABY 452 FANZ 5 gov AxF Pt 92

Fae sed uls) 3 FHol dobd 47 AR BT oprlwaly dzol YL
e wast APl wet

BETFel v sz @A #h Al EA dehgrh olE 157k A9 Y

859 99| proteased] BHOZ A ovimitoz WHH] GEolg 47
ool bty Aol o] e WAL B ;A ke FHE R AEIE
2P BAZ Aon B E Addez Azd DAY obnwe Ak FFS AP
2ol A4 E ofnlwel A4 §F] FAVUE Kim 59 A7 At AT AL 1
fth B AYeld Wb 4me] TR BE obvlmy F29 FF Holx 2t 4

=
Ao B7) Fhol& Fo AR A Aolrt ohulwily Fie) g Belde

protease® 4 Lo FFL nXE Aoz ARHUY ojHT AU UL 459
ZF gt 2879 £A4AHAA F AAHE oA Aa: FqF JF¥E vAE RL
2 ZAFAT. o)FA o)FEH AHEe Aoje dArh FX AEEFH dFY

isoflavones £9] A¥o] wgniZo Loz zZ+E PE AZIre] AL o2 A

AAR WA BREo A5EHE FAAA FE Aoz AR
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Table 4. The pH, ORP, acidity, reducing sugar, total sugar, amino type

nitrogen of Doenjang fermented for 90 days.

Items control I I o v
pH 5.70 571 5.81 548 5.89
ORP(mV) 68.5 67.3 63.0 78.6 61.3
Acidity(%6) 1.38 145 1.27 150 1.11
Reducing
sugar(%) 6.03 7.91 791 452 9.42
Total
sugar(%) 87 76 9.2 71 8.7
NH2-N(mg%) 531.17 586.48 571.24 618.73 566.99

1 : 1% addition of sea mustard

O : 1% addition of sweet tangle
Il : 1% addition of anchovy IV : 1% addition of sea sweet and anchovy

4% 49 Hw

239 AZe dgddoz F49 o7t 43 B FLT FASHOE 3 ¢
o B3 A% golAt we 43 He 42 FEs B FA Hrl o
2% AE} 93 9ok

¥ ATNN HEETS W 09 B S447 239 458 4% dohe
Table 59 22, thAvht B A7 939 Lgtel 49672 ¥ ez
Fe B4 WA dehgth ot WS FHel Wk L, o, b @elA el B
gzTol wish st @R @b 949 Lakel & AL thAw, @A oo 839

A4S gaAA FE 4L S, NS 1§ A @B Ao X £ 4L

32
H

7). Total color differenceE WeElE AE & ©v|g HJl 934 7b4 w3t #
I, BhARk W7t Bl A e,
Table 5. Hunter's color values of Doenjang fermented for 90 days.
Items control I | I v

L 45.63 43.47 49.67 48.76 48.39

a 9.61 4.89 7.37 9.34 7.02

b 22.02 21.13 23.98 24.33 23.56

AE 56.07 57.16 52.82 54.08 53.75

I : 1% addition of sea mustard IO : 1% addition of sweet tangle

I : 1% addition of anchovy IV © 196 addition of sweet tangle and anchovy
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Table 6. Sensory evaluation of Doenjang fermented for 90 days.

Doenjang control 1 II m v
Taste 2.80° 2.93 3.40*° 353*° 3.87°
Flavor 3.13%° 2.93° 3.87°¢ 3.93° 3.73%¢
Color 257%° 1.93* 4.07° 3.80° 3.07°
Total ab a c c b.c

acceptability 3.00 2.73 3.80 3.93 3.47

I : 1% addition of sea mustard I : 1% addition of sweet tangle

I : 1% addition of anchovy IV : 1% addition of sweet tangle and anchovy
The average value with same letters were not significantly different at the 5% level
by Duncan’s multiple range test.

2. A=0%
AkA 2

ChAlshsh vlo Bure] UwAEE PAE Ate Table 73

2o
w2 W e Folrh Ui AL FEAY, dxzd, V1F FF Sl "2V WEL
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Table 7. Proximate composition of sea tangle and sea mustard (% dry basis)

Sample
Compound Sea tangle Sea mustard
(Laminaria japonica) (Undaria pinnatifida)

Moisture 9.31+0.3005 12.38+0.1946
Crude protein ‘ 7.54+0.036 24.16+0.8806
Crude fat 2.21+0.01 0.56+0.0964
Crude fiber 8.5+0.2107 8.0+0.2773
Crude ash 18.57+0.5602 17.69+0.4158

3

AtEel €FEE9 ZAAE Fig. 204 BE u9 2o 27 £F3FE9 FHol
0974.2% A TEAZ] Ftel] e}t dz7 2L szEeE AUt % 2T &
22 FrtsY. £FEEY ABAFE /IETFEL 80% olBdd 73 AR F dxy
R AEEY F F BT EFEE TPl T2IL61%E AFINEFE 7EA
AW 2 o) delRlen 95 AR F o] 125771516% S UEUUEH LE FE
o] HEE U HF AFY €5FF FFo| 14477168% 2 F/HtgT.  OARER
< A7HE 2HFol Control# WS 8TE H7E g wsld £F2E &) v

A ebsk

20

184 ™ - — Control
Lt © 2 3% see tangle
16 4 — ~® - 5% see tangle
— K e 10% see tangle
14 = il ——— 3% see mustard /
—_— 0 — 5% see mustard & %
° 1241 — ~& —  10% see mustard z
i 10 _ < 27
—
5 o ZZ217
—
6 -

N
W\

A
=

Wi

4-
2
0 2 4 6 8 10

Storage time(week)

Fig. 2 Change of pure extract content during the fermentation
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obu] x4 P29 W3

Qe obul =R A Fig 37 2ol veideh ofulw=Atg s st
wude) ¥al2 ofnite] Wadel Fol EANE YEE L 5 Y& AR A 2
7] olml At AL L 1052744 mg%Ied 2E 3FFRE 23667 29344 mg%

fr

2 43 Z/ASAUY. BE 9F F ST opu =AY AL FFo] 680.47699.16 mg% 2
AZET AT 2T LEAFFL T Aoyt 9T & F UUT AFAEY o
A A2 Sako] 802078862 me%E AEAEY FA2 712 08%sh wketAl

AEFTAY FNA Mg Fod AxE Fha FFAd AT FEL
A3e og Fig. 4% o] Uehst. 27 24 FFo] 0.032670.0614 %A=

m\m

548

800

— e — Control
[N o Y— 3% see tangle
e g - 5% see tangle v
800 | o~ —  10% see tangle — yd
— —@ — 3% see mustard ZZ &
—_— ]} — 5% see mustard / —_
o 400 e el 10% see mustard /
o~ #
o)) %
200 A
’ 4
0 g

Storage time(week)

Fig. 3 Change of amino-nitrogen during the fermentation
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1.6

1ad — - — Control
: — ) e 3% see tangle % ﬁ
[ S 5% see tangle ﬁ ﬁ =
121 — - —  10% see tangle & - 2
— i —— 3% see mustard / ?4/
1.0 — -0 — 5% see mustard o
e — —& —  10% see mustard =
o> 0.8 ) ?
2 ¢
3 061 %
0.2 - £/ 7
0.0 4 I
o 2 4 6 8 10

Storage time(week)

Fig. 4 Change of total nitrogen content during the fermentation

dFAzke] ARG W BE ANET A foFoz Fsit. ATHFY T4
71&0] 0.8(w/v%) o1 AYS ZAte o HE 5FF 22 FdFo] 0723708181 %= HE
¢ Ao Hol 57U} AFsd ABAFINEY FEA FFol Ao Hoe A& ¢
7 QT AMEZETHI 3AH Controld] FX7F vlsd RoE Hol FHERET &
Bolu AT A& proteaseBA ol TFFL FA Fr AL IF AT AFAZFS
44 §FE 16001717841 %2 71F 9 28 ©]F &t

pH<e| W3}

Azrge) dae mE pHe WiE te Fig 5 3 2o AEFFHAY 4379 pHYI
F& 407686 BF 7] Ao pHe AL Y, 2E/F APFd wE B
E AET oA Ax pH7L BolAe A¥e Bgen Za 73F57H 45349 pH
71Z H]£d Z2AXQ 45975247F Ugoer HFNF AFES pHE4445.008.2 YE
d ALoE Hol RE AT BE/IL 7F~10F AE7t A3 Aoz BAY pH
E #7143 248 #A47 o 2L 238 o dz2TY R8T pHEds ¢4

2 Aol mo|A %E AT Hol HEWE {7V Y 9¥E FA A2

MFel gaol BaHel §714e] 4P ALE ARE.
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7.0

—_—— — Control
s @ 2 3% see tangle
6.5 i st 5% see tangle
K/-\\ — —p —  10% see tangle
~ -_— - — 3% see mustard
6.0 e i*“e'—i\-\ ~ — e 5% see mustard
// ~ \.\ =3 — —¢ —  10% see mustard
S
. /! RLEA
o 5.5 / \ \\\
s ANGN
y, \ N n

5.0 N \\‘)\
4.5 - \ "o \\
N
8

4.0 T T T L)
0 2 4 6 10

Storage time(week)

Fig. 5 Change of pH content during the fermentation

Axo w3}

2adyd 5 239 NEE g Table 8% Z2th 339 Axe 749 Ag 2F &
&7 gde] we ZATs FA Fose Ae BAL 4o ARER 3A Zelvt
UA gtk 2706 (9ol 7i79d AAze FAE: wayE APPel] wE HA ()
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o YA Yehkt. 3039 AL melancidin 220 93 AoE HFF IAHE Ha
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Table 8. Change of color during the fermentation

S I Hunter warzt (F)
AP alue 0 1 3 5 7 9
L 12.8+0.01 10.19+0.01 7.38+0.01 8.02+0.00 759+0.01 7.32+0.01
A a -0.32+0.01 -0.41+0.01 -054+0.01 0.36+0.02 3.49+0.01 4.28+0.00
b 0.19+0.02 0.67+0.01 233+0.02 6.32+0.01 8.12+0.01 8.17+0.01
L 13.89+0.01 1243+0.01 6.68+0.01 7.93+0.01 753+0.01 6.68+0.01
B a -0.22+0.01 -05+0.01 -059+0.01 -0.06+0.01 1.40+0.01 3.18+0.00
b 0.03+0.02 0.61£0.01 153+001 2.86+0.00 6.52+0.01 7.67£0
L 15.25+0.01 12.07+0.01 5.90+0.01 7.11+0.01 5.83+0.01 5.19+0.01
C a -0.4+0.01 -052+0.01 -0.61+0.01 -0.39+0.01 1.70+0.01 3.10+0.01
b -0.14+0.01 0.36+0.01 1.82+0.02 2.03+0.01 5.72+0.01 8.64+0.01
L 13.71+0.01 991+0.01 8.17+0.01 7.30+0.01 7.32+0.01 8.42+0.01
D a -0.42+0.03 -0.68+0.01 -056+0.01 048+0.01 191+0.01 3.31+0.01
b -0.16+0.02 0.82+0.01 2.15+0.01 3.80+0.01 542+0.01 7.83+0.00
L 14.53+0.01 1297+0.01 9.10+0.00 7.99+0.01 6.60+0.58 5.50+0.01
E a -0.59+0.01 -0.61+0.04 -0.65+0.07 0.49+0.01 1.17+0.01 2.75+0.02
b 0.35+0.03 0.61£0.02 213+0.02 3.85+0.01 6.76+0.01 8.01+£0.02
L 15.82+0.01 8.88+0.01 9.77+0.01 7.23+0.01 7.44+0.01 8.70+0.01
F a -0.68+0.03  -0.28+0.01 -0.67+0.01 0.31+0.00 0.86+0.03 2.85+0.00
b 0.44+0.04 1.01£0.02 2.67+0.00 4.07+0.00 4.62+0.01 5.15+£0.01
L 11.73£0.01 14.02+0.01 8.47+0.01 74+0.01 845+0.01 5.77+0.01
G a -1.03+0.01 -0.73%0.01 -0.69+0.00 -0.15+0.02 1.13+0.02 2.22+0.00
b 1.02+0.02 0.82+0.02 3.09+0.01 3.76+0.02 7.25x0.03 6.31+0.00

A: Control B: 3% Sea tangle
E: 3% Sea mustard F: 5% Sea mustard G: 10% Sea mustard

o]l 23} vl%23k Controldl L A4S & Ao2 AgHY 10% THAnET H7}
£ Bed ot Panel E°] ¥ %9 YAulEE H

S AFNEez BAY. a8y gtelA = Control ¥ #¢

Fe A3 WAlN R Hs

bl S8 A4

Aoz ¢

1S 2

A uA

27} 2ol g

C: 5% Sea tangle

2 HIZEE

D: 10% Sea tangle

TAAE A Table 99 2t} A3 wo] A= Controlo]
Bt AAAoZ Control

Boed olE PanelEe] FEF9 gte] A&AAJUY] HEA F=

4 ol7h hentA) ekghey.

Aoz ARHET

=

AEF AxEA fxzeT
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Table 9. Results of sensory evaluation of seaweed added soy sauce.

2 o
AxFol £uEAG DEH Y 54 T4 B

2
LAE 2 1%(w/w) A8 Aulsle 9083 £4AA @3 Az e =3 20%
A

El

2FE8 20 £9] dWF 10 kg, HZPT 03~10 ke@letel 602 B SHNA 1%E A
zan AES FA5H 2 BEEA tskel 2ASHAT
Azeg] ol ANAES AXFE WA AT F FFol o 8-17% FIH
om, 19 BALES PATE WETEd ta 9 e wE, wwd ge te
e ¢he BT A2A7 AN Mgsh Kol dhETol wstel o 2% Be 3

$ 2%tk pH, ORP, A=t "u|3 Aol Bon #AF = 53 tAlvt H7t

oA thERTF 6.03%° ¥lEte] 942% % ¢ =A JUERY. F3E FHAdTH %4?‘&
235 BYth obvxAt] AhE HA H7E @40] 61873 mg%E HET 9 531.17 meg%
B2th EA Jdewdt, Axe #% Hrty A4S vy & Lge= < J15Ae] vEA
Jebdl, o %e e me d9A9 g 2 240 fazTu Hg A agrd
5 2%E Yl e AAFQA 7Es A3 39302 BA At dF el A
e gAR 935 71357 ¢ 2 Ae2 HrHAG

gz A LEAYH TEFR F B WP € FEETL A 2Tg A
7be ko] tixTe mld BT ulste] oF 1% X FA et o eigd s
FA4 ¢Fe dzET A7h 12T Q2T E A& welX wgkon pH W o
A 2EARTH 8 F9 Aol wAeA dehgth g 4 227t AYPel vt
RE NEAM ZAES HA $71 st A& #2E 5 dJ2 =27 AREE A
P49 AAErt g Te AARFETD i g 2R T8 F AFAFY BT
B7b A3} 10% TAIEE R BATe g7 ndede A7t ARt ¢ A3
g B
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A8
Color Smell Taste
Control 4.1+0.1762° 3.45:0.1983" 3.6+0.1338*
Sea tangle 3% 3.9+0.1762% . 3.45+0.1141° 3.25+0.1602°
Sea tangle 5% 3.4£0.1338™ 3.35+0.1666 3.4x0.1686
Sea tangle 10% 2.1+0.1906 2.9+0.2503 3.55+0.1352*
Sea mustard 3% 3.3+0.1933"° 3.1:0.2164° 3.15+0.3346
Sea mustard 5% 3.25+0.2702° 3.0£0.1777 3.4+0.1338
Sea mustard 10% 3.3+0.9234° 3.05+0.2233° 3.20.1864°

AR &E A3l 7154 AES 2 dyolgde HIY A3 3E FolA N2 7
A 229 o] &I MEE AEFY e B FFHI Ut o) AN E B3}
I 2RAFY HEEL MR JPUEI domz AR JYHAES “empty -
calorie food”, "junk foods"&}3 7+ 3 }. 2de vre o
B A2E 7154 E4E A7 29AF9 Awel gasich(-3)

=7 F tAlvbe HElYl Bl, B2, C, niacin o] a3 glon, 7139 Z#,

2, A, mhavlg ol ERach E@ Hol¥fd Tt Yk FAMe FA2HNE A
ne 2
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i
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fr

B3 244 2R RN GETT o4 Ah(12-13)

FEAYEL B3 VBAAE AT ALHE IRARIZE 557, WAR, AY
7T, LR, FANE, 47T Sl T A2 A& o8 ATEY 2¥7 2
I oglen, A%E % 2uFS 57] ANME BL o4 AEALe] Bascty ¥
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F ootk E@ 4L w4E, gud, vEY, 7718% P AW Az gewA

G277t AL H4Fo2A AL 1L HF0IH(14-16)

Az 2 Iy

A5

Aol A" PGy gArkE FEEXFAAFA A udga A qartE FYdste &
Astel ALgstdon, & FAFHAA T E4712 vhgste] 10 mesh TH#I
RAE AHE-3tAT

3

PN

B du
yE

A Az

1 A3 gAutE BE471(Ftol A U™, KA-2400, UEhE #343h
100 meshM & FHANA AzSRL, 559 4749 £T 15 keoll 1369 & 7hste
50C &5z oA 2875 F238te] 4CoA 9000 rmpmeE 30 minit A&
(Kontron Instrument, Centricon T-324, 42h3 & A5 A& 755 (Tokyo Rikakiai
Co., LTD, N-1000, Japan)3}4 5 Brix & &%3le] A28 0.

e

Mr M8

F ¥ze u

dz2ve Az

Hrade AxE AT 29 HFH SRS AESIHE FEF Bl 18%, 20%, 22%,
24%, 26%, W%E A7k A5 F 1087 TFstel Asue] YEFHL 4T A4 F2W
2 AT T FERY SYA o dSHPY G Avd, Be, BEYAE
ANE AT FEaT 18%7F M AT

oY, oAw 2w 2Ede AF wIulE Asy) ds BAR A9 FEERL
18%2 TAANAHZ, ztzr Bido 3§ 1%, 3%, 5%, FEd9 E3dul&S 3%, 5%,
7%, 10%7F SIA A7kekel SR P o] FAAES @ F FEAH

:
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AHESEAT

2% WY &4 87| (corotating twin extruder, #4717, Model THK 3IT, 33)&
AbgetRen ZAH o2 23F A4L 4 mm Y8 (circular type)S o] &8Q1
&35 ¥lE2 high-shear screwE o]€3lgth 98 A2 FEL FYsgen nt
A2EE 05 kw FE71E AHE3t 71E8tin AFET AR v d44E T34
A o A% A3t A AEE SN dEAYEEE 150 g/min, 23 F 3A
S5 250 rpm, AFHFH 5E 140TE +AA

o| 51813 Aol A
AR ES ACACHHE@NY Wi $3e AgAxH
Ve

E3ldth. ZHUEE AEE ¥o3letd 03 g2 50 o AR @3 55% ethanol
10 mE 7138t 35C9) shaking incubatore]l ¥¢] 150 rpmo. 2 3A|7F wulkste] &3
F 420 nmmelA FFEE A9 ZAcz Jgdde. A98L Rheometer (SUN
COMPAC-100, Japan)& o]&3to AP, A8 A7 3 em Zol2 Agstgon
BAZ2AL BE 2104 speedt 120 mm/min, FYFEE 0.6 m, HH3F 2 ko] =2
< 7FA L hardness ¢ bending strength® 103 w2 ZA s HUzd LS A
g Urix gel FEoE k. olgEE No. 34, No. 48 AHgstgrt AsteLe AE
o AR AET AR vEzA AdHReH, AF F FAAE 2079 ANEE Hslo
Digital Mitutoyo caliper(U.S.A)E o] &3l 103 W& &4 F HJFFL T3 AAET
HAe2 Uridt. Axe Ag BUe 9% Hste MAA(HunterLab Color Quest
4570, Hunter Associates Laboratory, Inc Reston, Virginia, USA)E A}&3ld z+ AJ8%
3% WE AT F L, a b9 HEFLE YEdY FEFFATE A8 252 AF
A 43 FAE AFE 449 tubed BT IR FFS 25 midl ¥ol 4
o5 30C water bathol A 1023F 2etgt ohg& 6000 rpm oA 1587 U4 E¢

< AHEY FASG A8 FAY vE FEEFAFE AMSAT

OWAI = (35948 WEF tubed FA - tubeFA)/AEY FA * 100

e

flo

SHaL
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Table 1. Proximate composition of raw material

(unit : %)
Materials Moisture Crude protein Ash Solid
Rice Flour 14.67 6.5 0.43 -
Extracts of 87.38 8.80 4.06 12.62
sea tangle
Extracts of 84.77 8.20 8.23 15.28
brown seaweed
Powder of 3.95 8.98 22,50 -
sea tangle
Powder of 6.20 8.30 2540 -

brown seaweed

i
2AAEo] BAWEE 55% ethanol §Ao] 3A17F Wwteh F 420 nmell A FF=E 54
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3 A¥= Table 23 3 2tk w3 gAnt £29] Hrlgo] FE4E ZAES gz
T2 00179 vl 0.04470.136, 0.02170.0412 Z7to} vdd gan 2229 AS
= 0.1570.035, 00147001622 iz} ¥ ol7l QAT BT AL AAHom A
7hEe 2T} vo] tAmtRYg Egoy &89 A9E Aolrt AT ot vy
FEE 10%9 B FEE 7% 2ok 2] ol Eold AL uld F&E Wi v
Aol gAlmtET B2 3R #§F AT 97 HE o

55% ethanol 89& ARS8 o]fE du] APA 2T 2499 3¢, FFHFE 44 Aa
o] FEA E84 EdY B2 gz 29 ZHEE A3 AT F AW W
ol ATHD).

e
)

Table 2. Browning degree of different concentrations of sea tangle and brown
seaweed

Browing degree{Abs. at 420nm)

Sample

0% 0.017

Browm seaweed 3% 0.015
5% 0.017

7% 0.018

10% 0.035

Sea tangele 3% 0.014

5% 0.016

7% 0.015

10% 0.016

Table 3. Browning degree of different Powder of sea tangle and brown seaweed

Browing degree(Abs. at 420nm)

0% 0.017

Browm seaweed 1% 0.044
3% 0.089

5% 0.136

Sea tangele 1% 0.021

3% 0.031

5% 0.041
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Hg5s Avgol Fastes AFIAnt nd FEdY ALE A FEAF o3

2304127227982 FE 4o HrtFo] FAFE WG WA e BFolAH

Hza Eore] AL Table 58 Zo] v, Alvl 257 44 AABAE Z2A B

e e B 4 Atk Bue A7e AFY Avde @sRd duglel vehch
dede gAn 259 3% W7 7P wgom, mg £ 3% /Y g

Table 4. Shear force of different concentrations of sea tangle and brown

seaweed
Shear force(Dynes/c)
Sample Concentration contents(%)
0% 303.46
Browm seaweed 3% 304.12
5% 300.16
7% 267.52
10% 227.98
Sea tangele 3% 308.18
5% 279.18
7% 252.49
10% 227.98

Table 5. Shear force of different powder of sea tangle and brown seaweed

Shear force(Dynes/cnf)

Sample Power contents(%)

0% 303.46

Browm seaweed 1% 252.30
3% | 225.39

5% 248.10

Sea tangele 1% 271.44

3% 225.99

5% 278.72
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W5&E Table 6, Table 73 2t v]y #29o A9 Hrslgko]l F7Hstel wel B3
#E 26972712 =8Y Ftoldlen, At Re] A9x Hutgel FUEA we
27372762 F7V3 AT w4 tAlut FEH A9 BF U] SR e
gol 44T Age UetllA ol A7tEAe JBBAE 22X ZAch

Table 6. Expansion ratio of different concentrations of sea tangle and brown

seaweed
Expansion ratio(%)
Sample Concentration contents(%)
0% 2.84
Browm seaweed 3% 2.83
5% 2.99
7% 3.03
10% 2.88
Sea tangele 3% 2.77
5% 2.75
7% 2.80
10% 2.76

Table 7. Expansion ratio of different powder of sea tangle and brown seaweed

Expansion ratio(%)

Sample Power contents(%)

0% 2.84

Browm seaweed 1% 2.69
3% 2.70

5% 2.71

Sea tangele 1% 2.73

3% 2.74

5% 2.76

A%
F2EY ATE 24Y AFE Table 8 D Table 95 2on, HE L &L OAwt 3%
o 3% WA P Egout ol viETe @ Aol gtk M st oAk ¥

=]

TE AMEFE BE Lol WobAE AFoldon, o] /M w2 AL v|g £2 5

=)
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Hrbrolgeh wd B 1, 3, 5%Y W 69.95 64.04, 62072A HItEEol SHEFE B
E7b YolAle Agoldtt. TgAnt EHe FAeE JUMEEol FMEFSE 7159, 6913
66.97% RolA ZAFo|UTh E FE2E9 A$ME wg F2E 3 5 7, 10% H7H0=
w7221, 69.83, 6893, 68.062 Hx} PolAE HFo|ATh. GAvt FEEE B B
Zo] Aylgo] F/1ES4E 7298, 7168, 7158 703602 FA WolAE AUt

Table 8. Color value of different concentrations of sea tangle and brown

seaweed
L-value
Sample Concentration contents(%)

0% 72.81

Browm seaweed 3% 72.21
5% 69.83

7% 68.93

10% 68.06

Sea tangele 3% 72.98

5% 71.68

7% 71.58

10% 70.36

Table 9. Color value of different powder of sea tangle and brown seaweed

L-value
Sample Power contents(%)

0% 72.81

Browm seaweed 1% 69.95

3% 64.04

5% 62.07

Sea tangele 1% 71.59

3% 69.13

5% 66.97

FREEFAS

HEFS Aie B PE 29 $EZSFAFE 2XF ZF}E Table 10, Table 113 2
o ou BETel A$ @b, 3, 5%) o F/MEFE 3873092 FEFFAFIE WolA
B Aotk vt wke) A4E AstFol F4ESS 41873192 FRET AT
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Table 10. Water absorption of different concentrations of sea tangle and brown

seaweed
Water absorption{%)
Sample Concentration contents(%)
0% 3.85
Browm seaweed 3% 3.13
5% 2.02
7% 1.42
10% 1.01
Sea tangele 3% 3.58
5% 3.29
7% 2.66
10% 2.60

Table 11. Water absorption of different powder of sea tangle and brown seaweed

Water absorption(%)

Sample Power contents(%)

0% 3.85

Browm seaweed 1% 3.87
3% 3.74

5% 3.09

Sea tangele 1% 4,18

3% 3.58

5% 3.19
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Table 12. Sensory characteristics of the snacks prepared with extracts of sea

tangle and brown seaweed

Samples Appearance Color Oder Taste Texture  Adherance Overal! )
acceptability

0%  3.41° 3.29° 3.29° 3.05° 3.05° 3.37° 3.18

Extracts 3%  3.37° 3.59° 3.8 3.11° 3.2¢% 3.24° 3.40°

of sea tangle 5% 3.31® 3.37° 3.29° 3.35°% 3.47° 3117 3.62°

7% 337 3.25 3.25? 3.25° 3.11° 3.00° 3.50°

10%  3.31° 3.12° 3.23 3.18° 2.94° 2.88° 3.43

0%  341° 3.20° 3.05° 3.00° 2.87° 3.412 2.93°

Extracts 3% 233 3.25% 3.00° 3.18 3.35° 3.35° 3.23

of brown 5%  3.00® 3.70° 3.29° 3.31° 3.18° 3.05° 3.41°

seaweed 7% 2.46™ 3.35° 3.11° 3.26° 3.25% 3.12° 3.35°

10%  3.14° 3.52° 3.17° 3.25° 3.05° 2.94° 3.18

0% 3.35° 3.05° 3.17° 2.76"° 3.11° 3.00° 3.17°

Powder of 1% 2.70° 3.28° 3.05° 2.41° 2.64* 2,93 3.00°

sea tangle 3% 2.60° 3.21° 2.62% 2.06% 2.31° 2.62% 2.37°

5%  2.11° 2.23 2.29° 1.64° 2.06° 2.46° 2,23

0% 3.41° 3.41° 317 2.94° 3.11° 2.93 3.11°

Powder of 1% 3.23° 3.35° 2.88° 2.52° 2.76° 3.00° 2.94%

brown 3% 2.64° 2.64° 2.29° 1.88° 2.47% 2.82° 2.29%

seaweed 5% 2.23° 2.11? 1.88° 1.58° 2.05° 2.70° 1.82°
#5224

AZFE H718 2 2AFEY #5544 A Table 129 2} WA 712 %

ERT AYT Boe 35 A7 2t ok gAlw FE2A0M B2 o
Z277F P Fhen, AL 5% st AP Fskoh dAY B A feAH Aol
7b Atk %e 5% AL daAE 3% AT M FQh 2T AAAEL O
277F 744 Fhed AAFA V1EEAAE 5% H/HTIE Mg FRXG A olf = dE
of A WAEE WS W WA, 4%, d2H, dande #E MY T2T 2
2 Azsta Grtey) 4Ed Aoz Asdd. v FEATAMNE @S AR 3
2o mhREAE dzTob P Fen, A, WA, st 5% A7HTUL 71E=0 A
Ftvh dade AAHE 3% AHEE bR FST Vg FEAE GAw FEA3
nPRA7EA 2 gto] AAEANA FHE FaF fboly] HE sto] /M F& 5% HITUL
AARQA 7ExdME A £& e AT

il

(o
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2. QAvE #7He A HERSEY 54

SARE g2 Ax2FE FREFX S, texture, W3S EA Y AIE Table 13
I 2o 8A FEFFASFE dAuE A 4 controle FE 18% Tl A 686%
ooy TAjatE 714 ®ol H S 40%ME 5T1%2 TAlnt HrlEe] FAESE
Holt AR R FFFY Holo] WE T TAnt WG BN FE 18%
AN 22%%2 SHEFE FEEFASF FAAT. B9 AFEY vALEE 257
7t Wt FEEFFASF GE dolX e AL YA

29 AFY F2Y AEAA} HE textures ThAlul FrbEe] FAESE B
A SRR dokn. § gAuE Artetx g dzT RoE gAnE dristd A
9 texture= U FolAth 299 textured] 7H¢ AFL ol HAE AL FRYL

TE IB%THD 2% T4 B2 Aolg gy BFH/ANE FEo FEF
HEE9 texture gl 71T ol Y&EAHY FU% HPo| HolE 2ugtd FE o

A
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R o] athE JEdt] DG FojNe RO AP £k W
Ex7t SIS E i S AW ¥ f9HA Aol YehA skt
BEE 299 QT AET AR v 2N GAnt Frtgo] FE45E Ave] By
T T/ S8 HAUtE e a9E 18%TRUY 2% 7 o & #e Bgoy
TESI] e Hsgd v gastE AL e
ST gkEade] Az F 2o A5g 24 AdE Table 149 2 BE L3k
<= RA7tFel FIHEFE ol Yol Aok yAlnt 99 M7= AF tAlnt 30%9%
40%TFAN e Aol UF A& AaAd Brlo FA gsith. SEF 18% T HF 22%
ToAM B ¥ e vdEiiAM FEFF] FAESEE LS S vl 250
Z7hgel ek 22 goz Frdot ¥ £91A Aok Holx ¥tk age
control thAlel 7t AdE v zolrt Yoy tAlul BrlFe] SFriste & &
ol ™. bFE agkyt FLAIIAZ controlo] M 12722 W& FolA: thAlml 10%F
M= 16772 Eol@ou thAlnl 40% T A Aols Holx ¥yt ¢H FEZ
w29 wale mE 4EYFEe YEE Xo]E HolR] &gt
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Table 13. Expension ratio, water absorption and texture of sea tangle extruded
snack at various temperature, moisture and ratio of mix of rice powder and
sea tangle powder

Sample Moisture  Temperature abso‘i’vp?cgcf;(%) » ’I;Z);S:,ge Exlr):g(s)ion
100C 686 13271.16 1.60
18% 120°C 662 14890.91 1.61
140°C 600 14028.93 1.59
100C 691 15412.85 1.66
Control 20% 120TC 64 15682.22 1.65
140°C 652 15388.84 1.60
100°C 705 19694.55 1.72
22% 120C 662 19568.03 1.72
140°C 652 20756.49 1.67
1007C 656 12073.94 1.67
18% 120°C 658 12283.50 1.65
140C 641 12535.29 1.64
100C 662 13096.97 1.75
Sea tangle 10% 20% 120TC 605 13530.59 1.72
140C 555 13897.12 1.72
100C 682 15552.66 1.76
22% 120TC 638 15986.64 1.76
140C 542 15120.46 1.69
100°C 638 1120212 166
18% 120C 634 11421.03 1.69
140C 629 13955.90 1.67
100C 631 13724.72 1.77
Sea tangle 20% 20% 120C 628 13341.49 1.78
140°C 615 13864.86 1.71
100C 688 13565.25 1.72
22% 120°C 629 12834.68 1.66
1407C 591 13315.90 1.66
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100TC 591 11061.33 1.74

18% 120C 595 12698.24 1.72

140C 589 12476.08 1.70

100C 602 12456.17 1.76

Sea tangle 30% 20% 120C 605 12190.23 1.68
140C 596 12489.67 1.69

100TC 626 13460.62 177

22% 120C 609 13724.93 1.70

140C 600 13744.82 1.71

100TC 571 10423.42 1.81

18% 120C 550 11620.18 174

140°C 539 11581.64 1.74

100°C 572 11336.19 1.77

Sea tangle 40% 20% 120C 567 12434.37 1.75
140°C 566 12301.11 1.71

100C 574 12514.22 184

22% 120C 574 12930.24 1.78

140C 569 12804.18 175
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Table 14. Change of color values of sea tangle extruded snack at various
temperature, moisture and ratio of mix of rice powder and sea tangle powder

Sample Moisture Temperature L a b
100 86.41 -1.26 12.72
18% 120C 86.42 125 1258
140°C 87.56 -1.14 12.07
1007 87.47 -115 11.46
Control 20% 120C 87.01 -1.17 11.54
140 87.48 -1.00 11.93
100C 89.55 -126 11.78
22% 120C 88.65 -1.28 11.35
1407 90.78 -1.22 11.38
100T 69.41 -1.01 16.77
18% 120C 69.43 097 16.35
140C 69.15 -0.98 16.67
100C 71.64 ~1.08 16.04
Sea tangle 10% 20% 120 72.24 -1.02 15.70
140T 7291 -095 16.81
100C 73.40 -1.17 16.26
22% 120 7373 -1.13 16.41
140°C 7356 -0.99 1657
100 6577 -0.75 16.72
18% 120C 65.93 -0.74 17.47
140°C 65.19 -0.65 16.18
100T 67.90 -0.82 1696
Sea tangle 20% 20% 120 67.33 -0.71 17.09
140°C 68.87 -0.78 16.92
100T 60.04 -0.81 16.39
22% 120T 69.67 -0.89 17.56
140 69.58 -0.84 17.07
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100C 63.22 -0.86 16.64

18% 120C 63.87 -0.95 16.82

140TC 63.51 -0.97 16.32

100C 63.44 -0.95 17.22

Sea tangle 30% 20% 120°C 65.58 -1.05 17.33
140C 66.90 -0.96 16.64

100°C 67.28 -0.91 17.09

22% 120TC 67.13 -1.05 16.85

140°C 67.82 -0.98 17.42

100°C 58.78 -0.91 17.33

18% 120C 58.58 -1.03 17.56

140T 59.99 -0.98 17.75

100C 60.01 -1.02 17.71

Sea tangle 40% 20% 120C 60.35 -1.01 17.30
140TC ~ 60.69 ~-1.01 17.48

100TC 60.97 -0.94 17.07

22% 120C 60.03 -1.07 17.97

140C 60.67 -1.05 1764
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Table 15. Sensory evalulation of sea tangle extruded snack at various
exrusion condition

Sample o 1

vera
Sea tangle Appearance Color  Taste Texture -

& Moisture Temperature acceptability
powder

100°C 393 3.80°  360°  3.40° 3.93°

Group I 0% 18% 120C 3.86° 366° 326 301° 2.93°
140C 3.33° 3060 293  2.40° 2.66°

18% 3.86° 353  346° 366° 4.06°

GroupI? 0% 20% 100°C 3.13 333 340° 286° 3.13°
2% 3.00% 293 226 173 2.33°

Control 3.86° 333  340° 3.33° 3.73°

10% 353° 346° 326" 326° 3.60°

Groupll®  20% 18% 100C 2.73° 246°  246°  286° 2.73°
30% 2.26%° 193  240°  2.80° 213

40% 1.80° 153" 2.00° 2.66° 1.86"

1)Sensory evaluation for the effect of barrel temperatures on rice flour 100% and
moisture content 18%.

2)Sensory evaluation for the effect of moisture contents on rice flour 100% and barrel
temperature 100C.

3)Sensory evaluation for the effect of sea tangle contents on moisture content 18%
and barrel temperature 100C.
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Introduction

With the serious threat of environmental pollution caused by non-degradable
plastic wastes, researchers turned their focus onto environmentally—friendly packaging
materials that are biodegradable by microorganisms within soil and studies are being
actively conducted on biodegradable packaging materials with a new concept
especially in the food packaging industry(1-5).

Biodegradable film materials are made with carbohydrates, proteins, and lipids by
using one component or combining different components. Carbohydrate materials
include starch and cellulose or their derivatives, pectin, alginic acid, and chitosan.
Protein materials mainly include animal protein such as collagen, gelatin, casein, and
egg protein and plant proteins such as corn zein and wheat gluten(6). The issue of
high cost is the major problem in the production of biopolymer films since relatively
pure biopolymers are used. In order to resolve this issue, we believe that studies are
needed in finding ways to prepare cheaper biodegradable films using under utilized
biomaterials or through recycling.

Glue plants(Endocladiaceae) are red algae distributed in the southern sea and Jeju
region in Korea. Although some of these plants are eaten, most of these had been
used as a gelatinizing agent of textile but are not being used at all. Among different
glue plants, Gloiopeltis tenax and Gloiopeltis furcata are used as ingredients of
carrageenan, as gelatinizing agents of high—grade textiles, paper, as shampoos or as
culture media for microorganisms. These uses could be possible since glue plants
contain the polysaccharide carrageenan, which comes in 3 types, ie., k-, A-, and 1
-carrageenans. These carrageenans have different sulfate group content and chemical
composition according to each type(7). From the structural aspect, carrageenan has a
similar structure as agar but is different in that carrageenan contains more sulfate
group (SO3) compared with agar. Carrageenan especially has an excellent
film-forming ability, and it is highly possible to use a carrageenan film as an edible
film since it has water-vapor resistant and oil-resistant characteristics(8-10).
Biodegradable films prepared using carrageenan have almost same strength as
existing plastic films(8), and are environmentally friendly packaging material that
could be easily biodegraded in soil when disposed(ll). In the present study, we
prepared biodegradable films using the under-utilized seaweeds, glue plants, and
compared their characteristics with a kK-carrageenan film.
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Materials and Methods

Materials
Gloiopeltis tenax and Gloiopeltis furcata harvested from Ahn-Do and Whatae-Do in
Yeojoo, South Cholla Province, Korea were used as the ingredients for the preparation

of biodegradable films. k-carrageenan was purchased from Korea Caragheen Co.,
Ltd..

Proximate composition

After washing and drying glue plants, the moisture content was measured using
the dry oven method; crude protein, the micro-Kjeldahl method; crude fat, the Soxhlet
method; ash, the dry combustion method; and carbohydrate was measured by
determining the difference from the total amount(12).

Film preparation

Glue plant powder was used in the preparation of biodegradable films after glue
plants were dried, ground, and sifted through a standard 100 mesh sift. In order to
determine the optimal concentration of glue plant for film preparation, 1, 2 and 3%
(w/v) glue plant powder was mixed with distilled water and dissolved by heating on
a hot plate and stirring vigorously until the extraction of viscous material. This
mixture was filtered through an 8-layered gauze to remove insoluble solids and the
filtrant was used in film preparation. The film was prepared by pouring 120 mL of
this filtrant uniformly on a teflon-coated glass (30x24 cm) and drying for about 24 h
at room temperature. After drying, this film was removed from the glass plate and
used for the study. For the comparison, K-carrageenan (2%, w/v) was used to
prepare the film according to the above method. To investigate the effects of
plasticizer addition, a plasticizer was prepared by adding glycerol and polyethylene
glycol (PEG-400) at 1:1 ratio and this plasticizer was added at 0.75% (w/w, db) into
glue plant powder and into K-carrageenan to prepare the films according to the above
method(8). The films were cut into 7x7 cm squares for the measurement of water
vapor transmission rate (WVTR), 2x2 cm squares for the measurement of water
solubility (WS), and 10x254 cm rectangles for the measurements of tensile strength
(TS) and elongation at break (E).

Film thickness

The film thickness of each film was measured using a micrometer(Dial Thickness
Gauge 7301, Mitutoyo, Japan) at a 0.01 mm accuracy. The thickness was measured in
the sample for the measurement of WVTR at the center and the four corners and the
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average of these 5 measurements was used for the calculation of water vapor
permeability (WVP). The thickness was measured in the sample for the measurement
of tensile strength (TS) at 5 sites along the strip and the average of these 5
measurements was used for the calculation of TS.

Conditioning ‘
The measurements of film characteristics were made after all sample films were
placed in a constant temperature humidity chamber (Model FX 1077, Jeiotech Co.,

Ltd) at 256C with 50% relatively humidity for at least 48 h to adjust the moisture
content.

Water vapor permeability (WVP)

WVP was measured at 25T with 50% (100/50%) relative humidity (RH) according to
the method by Gennadios et al(13). After 18 mL of distilled water was placed into a
poly methylmethacrylate cup for measuring WVP so that the water would be about 1
cm below the cup rim, the cup (diameter: 46 cm) was sealed with the film for
WVTR measurement. Then the cup with water was weighed and placed in a
constant temperature humidity chamber (Model FX 1077, Jeiotech Co., Ltd) at 25C
with 50% RH and the air flow rate of 198 m/min for 8 h. The cup and water were
weighed every hour with an accuracy of 0.0001 g. WVP was calculated according to
the following formula after WV TR was calculated from the rate of weight decrease in
the cup according to time.

WVP = (WVTR x L)/Ap

Here, WVTR is water vapor transmission rate (g/m’-s), L is the average film
thickness (m), and Ap is the difference in vapor pressure (Pa) between both sides of
the film. At this time, the vapor pressure at the bottom of film was adjusted for the
effect of air resistance between the film bottom and the surface of distilled water
according to the method by McHugh et al(14) and Gennadios et al(15).

Water solubility (WS)

WS was measured according to the method by Rhim et al(16). After drying 3 films
for the measurement of WS in an oven at 105C for 24 h, the dry film weight was
measured. Another 3 films for the measurement of WS were placed in a 50 mL
beaker containing about 30 ml. distilled water. After sealing the beaker mouth with
parafilm, the beaker was placed in a constant temperature oven at 25C for 1 h and
shaken occasionally. The films were taken out of the beaker and dried in an oven at
105C for 24 h. Then, the dry film weight was measured. Film solubility was
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expressed in the rate of initial dry film weight over the weight dissolved in water.

Tensile strength (TS) and Elongation at break (E)

TS and E were measured using Instron Universal Testing Machine(Model 4465,
Instron Corp., Canton, MA, USA). The initial distance between grips was 5 cm, and
the speed of cross—head was 500 mm/min. TS was calculateds by dividing the
maximum load by the cross—sectional area of the sample. E was calculated as the
percentage of change by dividing film elongation at the moment of rupture by initial
gauge length. TS and E measurements for each film was replicated three times with
individually prepared films as the replicated experimental units and each replicate
being the mean of 7 tested sampling units from the same film.

Color

Film color was measured using a color and color difference meter (CR-300 Minolta
Chroma Meter, Minolta Camera Co., Osaka, Japan) to obtain Hunter L, a and b
values. Color was measured by placing the film sample on a standard white plate
(Calibration Plate CR-143) at L=96.86, a=-0.42 and 5=1.99. It was measured at 5 sites
including the center and four corers of the film and the average value of these 5
measurements was used. Total color difference (AE) was calculated using the
following the formula with Hunter L, a and b values obtained from the film.

AE = [(Laim—Letandard)+ (fim—Gstandard)*+ (Dsim—Bstandard) -1

Statistical analysis

Using different films for the measurements of different parameters including TS, E,
WVP, and WS, the measurement for each parameter was done in triplicate. The
average values and SD of each parameter in each film were calculated using General
Linear Model of SAS(17), and the significance of each average was determined at a
=0.05 using Duncan’s multiple range test.

Results and Discussion

Proximate composition
Table 1 shows the proximate compositions of Gloiopeltis tenax and Gloiopeltis
furcata. Differences in components between the two glue plants were that Gloiopeltis

tenax contained more crude protein but less carbohydrate compared with Gloiopeltis
furcata.

- 191 -



Table 1. Proximate composition of glue plants.

G. tenax G. furcata

Moisture (%) 121 14.7
Crude Protein (%) 44.0 270
Crude Fat (%) 0.3 0.3
Carbohydrate (%) 355 49.0
Ash (%) 8.1 9.0

Film-forming ability

Film-forming ability and appearance were investigated after each powder
concentration was adjusted from 1 to 3% (w/w, db) to prepare different films to
determine the optimum concentration of Gloiopeltis tenax and Gloiopeltis furcata
powder with film-forming ability. As shown in Table 2, Gloiopeltis tenax and
Gloiopeltis furcata formed films when each powder concentration was higher than 1%
and we could determine that most glue plant powder has an excellent film—forming
ability. This excellent film-forming ability by glue plant powder is due to these red
algae containing abundant carrageenan(18). At the time of preparing a film, since a
film does not form when the glue plant concentration was too low and the film
thickness becomes too thick when the glue plant concentration was too high, we
concluded that 2.0% powder was optimal and used this concentration in the rest of
the study.

Table 2. Film-forming ability of glue plants

Powder Film-forming

glue plants B Appearance Remark
conc. ability
1% fair films made of
smooth surface 2% powder had
G. tenax 2% good pale yellow the most smooth

transparent surface and
3% good transparent

1% fair films made of

smooth surface 2% powder had
G. furcata 2% good dark yellow fairly good

transparent surface with dark

3% good yellow color
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Tensile strength (TS) and Elongation at break (E)

Table 3 shows TS -and E of glue plant film and carrageenan film. despite the fact
that the same concentration was used (2%), the carrageenan film was thicker than
the glue plant films since the actual amount of solid decreased through the filtration
of insoluble solid during the preparation of glue plant films. As described previously,
although glue plant powder has an excellent film—forming ability, films prepared using
only glue plant powder lack flexibility and flexibility can be increased through the
addition of a plasticizer. Plasticizers used in the preparation of films are generally
non—-volatile substances having a relatively high boiling point, and decrease TS and
increase film flexibility by weakening intramolecular attraction of polymer chains(19).
As shown in Table 3, the glue plant films and carrageenan film became flexible with
the addition of a plasticizer with decreased TS and significantly increased E (p<0.05).
This tendency was much more significant in the glue plant films compared with in
the carrageenan film. However, no significant difference was present between
Gloiopeltis tenax and Gloiopeltis furcata films (p>0.05). As in the present study, Park
et al(8) reported that TS was 22-32 MPa in a film prepared using 2% carrageenan.
They also reported that TS of film could be increased up to 45 MPa at the time of
carrageenan film preparation through the addition of 1% KCI. Although flexibility
increased significantly with the addition of a plasticizer in glue plant films, TS was
too low. It is generally known that k-carrageenan forms a strong gel in the presence
of K'(20); thus, we think that TS of glue plant films could be increased through the
addition of K.

Water vapor permeability (WVP) and Solubility

Table 4 shows WVP and WS of glue plant films. WVP of the glue plant films and
carrageenan film was 25~38 ng - m/m®-s - Pa, which well agrees with WVP
obtained from k-carrageenan film reported by Rhim et al(21) at 3.3+0.09 ng - m/m? -
s - Pa. Although WVP did not differ significantly between the films prepared using
Gloiopeltis tenax and Gloiopeltis furcata (p>0.05), it was lower in the carrageenan
film compared with the glue plant films. We believe that this difference was due to
the fact that glue plant powder contains components other than carrageenan so these
substances would prevent the structural stability of film, increasing the rate of
diffusion by water molecules within the film, by which the glue plant films not only
form a less uniform matrix structure compared with the carrageenan film but also
would create some irregular spaces within the film matrix structure. WVP increased
in the carrageenan film and glue plant films with the addition of a plasticizer at an
increase of 28% in Gloiopeltis tenax film, 35% in Gloiopeltis furcata film, and 20% in
K-carrageenan film.
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Table 3. Mechanical properties of glue plant and carrageenan films?.

Films Thickness TS E
(gam) (MPa) (%)
without plasticizer
G tenax 450+36 23.9+4.4° 42+1.8
G furcata 484+55 26.6+6.6™ 5.2+1.3°
K-carrageenan 68.2+4.8 30.5+5.2 2.7£0.8°

with plasticizerz)

G. tenax 46.85.9 5.2+0.5° 50.0+7.6°
G. furcata 52.25.6 6.9+2.9° 50.9+7.9%
K-carrageenan 71.2+15 276+7 .8 21.3+5.2°

YEach value is the mean of three replicates with the standard deviation. Any two
means in the same column followed by the same letter are not significantly (p>0.05)

different by Duncan’s multiple range test.
2 0.75% (w/w, db) of 1:1 mixture of glycerol and polyethylene glycol (PEG-400)

Table 4. Water vapor peremability (WVP) and water solubility (WS) of

plant and carrageenan films?.

glue

Films Thickness WVP WS
(gm) (ng - m/m° - s - Pa) (%)
without plasticizer
G tenax 46.3+4.0 2.9+0.1° 9.8+0.6™
G. furcata » 57.4+3.8 2.6%0.1° 10.5+0.5°
K-carrageenan 79.1+3.7 2.5+0.2° 11.4+0.9%

with plasticizer”

G. tenax 498439 3.7+0.12 10.6+0.6°
G furcata 59.4+6.6 3.5:0.2° 10.7+0.7°
K—carrageenan 85.0+£8.6 3.0+0.1° 12.9+1.1%

YEach value is the mean of three replicates with the standard deviation. Any two
means in the same column followed by the same letter are not significantly (p>0.05)

different by Duncan’s multiple range test.
20.75% (w/w, db) of 1:1 mixture of glycerol and polyethylene glycol (PEG-400)

Plasticizers usually increase film flexibility by decreasing hydrogen bonding within the
film but increases WVP(19). Furthermore, WVP also increases due to the addition of
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a plasticizer since plasticizers themselves have a hydrophilic property. McHugh et
al® also reported increased WVP in whey protein with the addition of a plasticizer.
Different from WVP, WS shows resistance to moisture and differs according to the
chemical composition of the film. WS in glue plant film and carrageenan film was
9.8-12.9%, which was lower than 41.0£1.4% reported by Rhim et al(21), due to the
difference in the measuring method of WS and film preparation method. In other
words, we measured WS after 1 h of reaction, whereas Rhim et al® measured WS
after 24 h of reaction. Furthermore, we did not use K’ in the film preparation so that
the films lacked bond strength somewhat. Although WS did not show a definite
difference according to the glue plant type, it increased slightly with the addition of a
plasticizer due to the hydrophilic characteristics of the plasticizer(22).

Color

Although the color was transparent in the carrageenan film and two glue plant films,
the carrageenan film was colorless, whereas the Gloiopeltis tenax film was slightly
yvellow, and the Gloiopeltis furcata film was dark yellow. Hunter L and a values were
significantly lower but Hunter b values were significantly high in the glue plant films
compared with the carrageenan film (Table 5) since color component and impurities
were mixed at the time of glue plant film preparation so that the colors were
apparently yellow and the lightness decreased. Thus, the value of AE in glue plant
films was higher than that in the carrageenan film, and the difference was higher in
the Gloiopeltis tenax film compared with the Gloiopeltis furcata film.

We confirmed the possibility of producirig biodegradable packaging materials using

the under—utilized seaweeds glue plants growing in the southern sea of Korea.

Table 5. Hunter color values and total color difference (4E) of glue plant and

carrageenan films".

Films L a b AE

without plasticizer )

G. tenax 716£1.1° -1.8+0.3° 31.3+2.3° 387£3.3°

G. furcata 85.0£0.5 -0.9+0.2° 26.2+0.7° 27.0+0.8°

K-carrageenan 96.0+0.3? -0.1+0.0° 2.9+0.2° - 1.3x04°
with plasticizerZ)

G. tenax 87.0£1.1° ~0520.1° 18.2£2.3° 19.0+£25°

G. furcata 90.3£0.9° -0.6+0.1° 14.8+0.6° 14.4+0.9°

K-carrageenan 96.0£0.5° -0.20.0° 30:0.2° 1.3+0.4°

YEach value is the mean of three replicates with the standard deviation. Any two
means in the same column followed by the same letter are not significantly (p>0.05)
different by Duncan’s multiple range test.

2 0.75% (w/w, db) of 1:1 mixture of glycerol and polyethylene glycol (PEG-400)
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Al 24 CaCl; Ao ojs 4214 9 EAMA

2GRy Fehad dAvlge gw BHed BA A dEREA A7
§ s 830549 T4 BE BHe] Fopdx gl

W, 58 HFEFRFAME A2 Mde EZAZA ARG LB A A7

7B F2 AHEHL At o] F e ud, 7 T 2xF9 AxHe T
dete FAHAELZ  B-14-D-mannuronic  acid®t B-14-L-gluronic acid’b  block
copolymer®] Hel2 AFH hetero-polysaccharide2A HxA o] EHo} AFE AH, =
59 Eobd de] AHEHI JH4). oo E LA Bo| dA gHH FEAY B
*ootyt A e FEPA Tl Eol AN "oy /AR IRAR Jge] 7Y
#o(5, 6).

Rbde] 4204 BEL R R Anix BE37 VA2 154 7IAER 8

o g Aggdo]l wow, 47 A AAME IANHZZ ALgo] AdHT ok

9 g4€ AR ekl ae b el ARHAEH, olF IANE 3}
gHo2 WHYPAZ propylene glycol alginate(PGA)E 2 E2okdlA FUdA Al&EH
RE A fFEAolt. PGAE 474 uronic acid®] 7HE2 24719} propylene oxide A}
olg] RFEHA olzel2 Afel & AzsH, 44 ZANME ¢ EHE Bt
o =2fdolyd FLgaY F2ol AEHn gitk4). I PGAY wwlAe studd
FATE ol&3td vld WES ENE FAANII st PGAE HUbsh7|E ¥t
(7-9).

ojgjel &AL Zga 2 thrtel el o3 tnAYe] FAH AF=sF S
= Ao A Jeu0), o)g ol&3te] HF/FEOFIMNE artificial berryt 7B
A=FHEL Az At don(q), A4 EobilMe AXY Tadd 1A

ds
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54 bead® Azaldl AHEET YTHID.
A Zolest YN Alole W FAHoE Yojupy

AZ Al o= BE ol4e BEEL /Y FFHoE AL FAH casting? @
+ 9ol BB Az7t Brbsath Draget 512)€ 298 AN AL wSY) 98 2
Fol&g AN BEATE WEE AXHACH, Kaletune T AT A &
A AL AANA A FEE FAAE PR Ba 2usAT o8 ol 3t
2 trtel e dgde] AANA BEL AxHPoH, o
A Az SN BEY FE U@ Aol 2 FARY LS RIFHYE oY
¥ Aol ke BEE $37] FFol ¥ 2Aoh} FREFe] ¥ E T
ol ERYOR AT & JOBZ CaClel AAEH 2 A2 el Ue uch A
& 477} ol Fol Ao} @,

geb B AL 42 BEY AL AN sl CaClE BEEY
A A7k PA 99 BEL AZ® F BEES CaChi o] AAste Aste F

7bA e ARRSte] A BE S Az 1 aRE FEI}AT
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Mo
=
(o,
N
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i
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_E

A=
Na-alginate™ Junsei Chemical Co. Ltd. (Japan)oll A F+38le] A&

259
421 T 4 g& 2 g9 glycerol® ¥ 200 mlY SHFF @A vlo]Ad W1
hot plate Aol 743 FAlo ZatA mutstdA] LA At &3€ alginate 8L
85CE] F&zolA 30&3 71Ed ¥ HEES ZHT FEd (30x24 cm)oll o] Tt
TS HEE 2283 F A20A of 2447 AxsAT. ARV B Fole &
€ FERoZREH gojylo dg4 "EoE ALEIHAY EE EAS A
HA3td CaCLE AZHHEE glstd F
A FE 849 Az Al AAFY CaClE AF H7Istd VEE A=z CaCl
A7HE &(mixing film)o]l &, EAE Pavlaths(14)9] Wi wet v 404 258 A
Z% ¥ PES CaClhidd AN HAAFT T AxAA 7F2 2 (onic crosslinking)

€ BAAZ 9 E(immersion film)o]t}.

2

=
)
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CaCA 8 %9 dFE ZAEY] 18t CaCLE7IEEL CaClE7HES 0.03, 0.06,
009 2 012 g& FH7Istd 4579 ZELS Axsged, ot 44 0% 2L
Z 075, 150, 225 % 3.00%°l 3| Z3ct. CaClgdol HAAG dEFL d&2T &3 22
WHog Axste F2oA AEAZ 404 BES 2,5 E 10%9] CaCl&Hd 5
AAE F Azt &L A ol IAFAIY A2HAA Fol DES F5]
U o] dojus AL WA Aste 1& dzE 2E8S frEldeA Hojux
A2 A5 A5 24 $E9 CaCl$9 100 miE o] 587 weA F 48 AA
St A 2o A 3~4AIT st APE WEOE ALY HEE 952 BE
o B4 ZAYEY wE FEHEE SHEL 7 cm, FEEIE 4L 2x2 cm, IF

Ze R S E48 A RE 10254 cm Z7)12 Addto ALESAT

459 ¥4

Zt 9E9 FAE 00l mmY AUEE 2= wpo]aZwie}(Dial Thickness Gauge
7301, Mitutoyo, Japan)E& Al&3ld ZAH3QT E4E =34 A8 FARS F9 4
+ FAE SA4 2 BIHE AL FFATY A Agaed, 97D
= 548 NE 9A Zo] BFgoz oA R FAE FAsE 2 BIHES AHE5H
|

Conditioning
BEE 9§ A8E BT, 50% AdEEE 249 323857 (Model FX 1077, (F)A 9]

el Holw 48 AIZ B +EHFL AW F VY 54 Ao AgAAh

o

59 FHA4(water vapor permeability; WVP)E HE9 %< X (water vapor

transmission rate: WVTR)E &A% F o3 o] et AAA

WVP = (WVTR x L)/Ap

971 WVTRE ZE9 EFE (g/m’-s), L& 989 FF F7(m), dpt ZEY &

o #7142 (Pa)E UEhdth. WVTRS ASTM E&W(15)¢ F48ta 25T 50%
(100/5096) St T stellx AR

4
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o WEAA dF F FAE S
2 77 £89E 82385 7/(Model FX 1077, (F) Aloled)e] ¥ 817t <t 7 1
A pAoE EHh BAZ 00001 g9 B2 FAsAch WP At Ao 2
g9 89} 255 W Atold Y F7|Y Aol ¥ 4FE McHugh 5(16)%
Gennadios (17)9] Wl wet RAAT.

FELYE ¢ 4

29 R 435 (water solubility; WS)E Rhim 5(16)9) ol wigh FA3s
WA FELIE AL PE IS o] 15T AR7NA 2442 Adxste) 2&9
AZFFL 231, $ELHE 2L 2E 39S U2 Fste] 50 mL &F H oA
of 2F% oF 30 mLs} A 932 4T E parafime 2 2EH F 4 FALERE 144

T) Aerle] 3 718 EF0 FaA 9A AR Fol 9 &34

o] 105C9 Az7|AA 24A7F 5 AFRAA AETFFS FAHA
o "EY g 27]9 ABo] qF B £3E Fo HESEE UET

29 £RZS50 93 BE9 L E(swelling ratioo SR)E Rhim 5(18)9
E ZA A9 e Byoz WYEANSE YHXEY YHAR BX FHRT
of AAF % 7ol Whatman AFAE Algstd FAFE AAd FAE A
19 FAlo) digh WE&= el

~Jd
)
lo
ofN
S
oft
tlo
P
N

VA= R ANE

29 A7} % (tensile strength; TS)$H 341 &(elongation at break; E) ASTM %
Zu9(19)e] uwgl Instron Universal Testing Machine(Model 4465, Instron Corp.
Canton, MA, USA)S AHg8te] &Rt o W %719 gripte] AE 5 cmelL,
cross-head ¢ £+ 500 mm/min °lQth BE9 AFAEE YFol FojZ w7 7
29 Huo AW W2 xy)9 wAF oz Yo Aisged, 2g9 dded d
o] ZolA YA Lol d Zo|E £7]9 gripzt Aol dE WELE YEIAT

A A%

7 BEY APPE, A4S

S

,FHE % FEEAE R BEEE A% B2 A=W
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€ AFDAZE dlo 33 HHE ZAFPY. 4 "E9 EAXY HAgdy FFAAE
SAS(20)9] General Linear Model& AH-83te AAabsigon, z Hage fAQ Ao

AL FAFE a=0.058 Al£3l9 Duncan’s multiple range testE A A& o).

A3}

NE

g

4538

CaCl® A7stA &L FAEH CaChE H7IF ¢4 48L& &
A dEol FAHAY. 2§ &9 Ax Al CaClhd H/bs=rt S7Hgdd =t 2
P50l S8l &9 HErl Zutstg =], CaCl® 0.15 g(&74k tiv] 3.75%)E
HobelHl e delle e Aol ¥4 HE Axyt U5 baN 25 BA
g 7 ¥ CaChyE7IY HUsEEA 012 g(E04 tid] 3%) ez 2338 e, CaCle
€ 012 g H7IY 958 W0 thh A "Eo| oAt wtdd CaCl& Aol A3}

o CaCLE FHAZ BEL FA F 4204 ME $E2 Azso Fdol 4 4

459 ¥4

Table 19] Uehd upel o] &ziAt FE o AWy wek AES FAN A
Zolg U gled, daT g FA7N A Fhx o2 CaClh¥d7+d
CaCl &9 IAXDE o2 FA7 g2dAqnt. A/HAEe 2% €589 A= 37
3to] HELNS fFelBdol casting®d W L8 ARE AR Bl thihe &4 3l

B, o]} Zo] WEL N ALgFo] Ao wet BE9 FAs ZAsET 2 A
EE JE7 FESFE & CaChy 375 %7 271858 AZY. CaChed IAXNPE
9 B$-€ CaCl¥7H2 4o g e g9 &4 ey dExTY CaCle &
ZFEEA vE FAZ XA FaFAT ole WEY FA A ZEY ¢10d0l ¢
F EHHAY] Wi Re2 dgdY. Pavilath $(12)2 €24 BES ZE 8 F9
AAE v BF9 AAF dite] &= g ZFolLe] IEEWY 2SS
719 tnATE FAsEA dAAE EE3 A7 wee] AAHez dojdrx Tt
AR Zgold FEI FMESE AR ATY 93 ER9) E8HERT TR
g s 2 dFZHAMAE CaClid AXNEE FA7 tE AT Hg #Fx
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A2 Ede CaClys =7t S718+E 1 FAV 718 25
€ Y =, ole CaClhy st $7H3te) uhgd 4714k 243 A% F713S

Table 1. Tensile strength (TS) and elongation at break (E) of alginate films”

Films Thickness (um) TS (MPa) E (%)
control 57.9+4.2° 26.4+0.8° 26.9+3.8
mixing films
0.75% CaCl? 54.3+1.8% 30.1+1.8F 19.9+3.8°
1.50% 50.9+1.2 33.2+05° 16.1+4.1°
2.25% 50.8+1.5™ 38.4+4.0° 17.4+32°
3.00% 49.9+2.6™ 41.8+2.1¢ 189+2.3°
immersion films

2%CaCly 380+2.8° 65.9+2.4° 2.2+0.2°
5% 450+59° 781+6.2° 6.9+2.9°

109 45.4+0.6 85.9+1.7° 5.2+1.7°

YEach value is the mean of three replicates with the standard deviation. Any two
means in the same column followed by the same letter are not significantly (p>0.05)
different by Duncan’s multiple range test

?Concentration of CaCl; is based on Na-alginate (w/w)

21 &

G0 BE dZA=Y AL Table 19] vebd vpet o] CaClh9y Ao 9
3 WA EE AASFA FrreIdn, A& AsA #As AT CaClA o) <3
Gt BES ARFAES) ANE WMIE CaChAaWyd A gsko we aA 4%
< Wded I Axe 404 2EE CaClhidd AXAA 7tadEe =42 2E
P A& vlg ZA JdER & CaCl3 7t
52 Arts s e AZAZ=IF 1.14~1584 F7H3Ed vls) CaClgd AXEEL
249~325v2 AA Fristdoed, wde] AAge AWy wet 4z 1.35~1.674H
F7tREd R 390~12234) 728t gch Pavlath §%& 714aA 2 glycering 2314 o
B] 40% H7He SNABES 5%9 10%9 CaClhg ol 5~60% AX A1zl A3 AF%
E7F A AT CaCl® 9l Fxo wial 41.11~7328 MPa & YetWen, CaClyg
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9 57t £ BEY APBES} O FohAE nustded, ot ¥ ATEAS F o

ASHT Tk ol g 2ol CaChel Aol s G4 BEE AFFEs} Fhskn AN
of Zade AL LANY =BG BFol Atold SmAF] olFoiFy) HE
otk

FEHE

U704 BE 9 FHA S (water vapor permeability; WVP)E Table 201 &A1& uis}
2ok 4704 BES FHAF 9 CaCle A 93] @AA #AadA2H, A
Wl wEtE foHQl ZAolE Y, CaChB 7t Eol A5 T wet WVPZH
1.15~1.358 Z4gd v CaChtd IXIEEL 1.39~2418 ZA3AT Pavlath 5
(23)2 H" ZF$& 5% CaCh&9d 587 A& o WVPZE 1366904 43 g-
mm/m - day - kPaZ 34 AE ZA28ALS Busgh

Table 2. Water vapor permeability (WVP) of alginate films"

Films Thickness WVP
(zm) (ng - m/m’ - s - Pa)
control 55.67+5.26% 1.47+0.05%
mixing films
0.75% CaCly? 52.73+2.57 1.28+0.09°
1.50% 45.33+3.72° 1.09£0.01°
2.25% 50.93+4.74% 1.22+0.05°
3.00% 56.47+1.68° 1.24%0.03"
immersion films

2% CaCly 36.73+5.94° 0.61+0.03°
5% 44.87+3.70° 0.78+0.01°
10% 4753+4.97° 1.06+0.08°

YEach value is the mean of three replicates with the standard deviation. Any two
means in the same column followed by the same letter are not significantly (p>0.05)
different by Duncan’s multiple range test
®Concentration of CaCl is based on Na-alginate (w/w)
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BEY FEEAEE S0 U AFYL dehhs AR2A TFA FEARY
e FEAF) e AT ASHAY S} e FHAN AHEHE ERA 27
£ Fad QoY gETY LU WEL FFSO ¥od w2 §HHow, CaCh
g A/Me BEE Bl ¥ F o 0¥ o] BT 3T FEEHEE AT F
Gtk wRel CaCl&d) IR BEBL +8o W Aol F/gon, FHFAA
24N FolE A¥E g2 FAEQT o)8d 4L Paviath S(12)0] o8] A

e} 2ot oA CaCly&dd HAAsto Axd L4 g FEEIH=(water
solubility; WS)E ZAMstg ow, WSE 25C¢ 80T FH5ol 2427 Xt A3
= 1 A3+ Table 39 TAE upe} 2o}

Table 3. Water solubility of alginate films prepared by immersion determined
at 25 and 80CY

Concentration of CaCls WSa? (%) WSs? (%)
2% 6.59+0.34° 6.590.25"
5% 12.11£0.74° 9.35+1.26"
10% 18.4120.85" 14.95+3.11%

YEach value is the mean of three replicates with the standard deviation. Any two
means in the same column followed by the same letter are not significantly (p>0.05)
different by Duncan’s multiple range test.

PWater solubility determined at 25 and 80°C, respectively.

CaCl&el HA WES WSE CaChede] 3E7t 371842 7sen €=}
e 2o WS7H o WA Uehgoh Pavlath $(12)€ CaChgolel BAA 404 &
o SR GNES CaClis) $Eo AA A JF& L, CaCLE ) $E7 5
b4 22 A4 Azl 374848 42405/ gastady nusd g
¢ 2% CaCb8e S04 WES 2o 93l 283 Avvldle FEA Ran,
5% 2 10% &AlAE WX Aol FAYSE BEY BEAES T o 308
HEod Easl dojunta gt 4 WES WSl g g9 £xd daiNe
o2 nmE wr} glou 5% CaCh&dlol 582 A4 AA 243 A7 AALE2)9)
A% 25T oAE §aHEE APt Alzke] 257 mwolgont STAME 29 HlRe R
2o 257t ¥248 WS7t ZAsE A%E Qo B A7 2Fst oA E

rlr

N
1-'
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9 EHL Adste A9 g 2 @A) Qe (23) oA ol BE AR
Aol Z1A¥ FE o} oo e Bk AMFF AF7}F olFo|xof & Aot}

Table 4°1& 3% CaCly8 o] 583t IX A|A B&3 A7 904 &
43 BFEE(SR)Y ZHE BASHUT. &4 B SRE B 259 FFAN ¢
3 |EFL Tged, WY SRS L£E7F ZUge) wg AXFHoZ 7AIQY. o=
AHEEETE SMES SN TFAY FFLo] Fas FE F5 oF d#H
a2 AF L3

2 SRell i3 A Ao FF
et G2A veistedl, 26TAME Azke] F7td wa SRel F7batg.ed, 50T A
TR AT YN, 70T} 0TANE ANzbo] F713dl what SRo] #idte AP
< Ut ol 2% wel SRY ¥3E 3 TIHE Ao BEY] Yol A
#H o2 CaChA el o) A2 B9 JAFAEE Sty ANLTH 37573
R FEELAEE FAEA FASALH ole TEoled LAY F2EAY] Ao
Ztad ol FgE0] &Y BTz MeRy] WEolth o 2g AL helix FX
g 2 40 BA Alold ligand holeo] A H 1 7)o Ca®'o] A2Fatt= “eggbox”
model2 AW H 1(4-10) Ca¥ol °J3) B85398 FNAL FEFHFAEY ZTHo U3
€ FTolYY IYE T2 Algo] 71 Aoz yEn

off oy

Julste Aoy FEFyol

Hie
flo

Table 4. Change in swelling ratio (SR) of Na-alginate films prepared by

immersion method”

swelling ratio (%)

Time (min)

25T 50T 70T 90T
1 72.2+1.7 61.5+2.5 47.2+5.2 329+05
2 784+13.2 67.1+8.7 48.1+3.8 36.4+6.5
5 82.2+124 67.8+8.1 42.9+2.8 26.5+1.7
10 97.9+9.7 59.4+59 40.7+£5.5 26.4+2.3
20 90.1+7.3 67.7+7.1 40.3+4.0 22.8+1.7
30 92.1+45 54.9+3.7 43.8+1.9 27.3+19
90 93.9£11.0 60.8+3.5 42.5+9.0 17.5+4.3

1)Na—aléinate films were prepared by immersing into 3% CaCly solution for 5 min.
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Introduction

Concerns over solid packaging waste and dwindling petroleum reserves give an
impetus for the development of biodegradable packaging films, which degrade in the
environment by the action of microorganisms in thesoil, using renewable biopolymers
such as polysaccharide, protein, lipid, and their composites (Debeaufort, Quezada—-Gallo,
& Voilly, 1998; Kester & Fennema, 1986; Krochta & De-Mulder-Johnston, 1997).

Alginate is of interest as a potential biopolymer film or coating component because
of its unique colioidal properties, which include thic.kening, stabilizing, suspending, film
forming, gel producing, and emulsion stabilizing (King, 1983; Moe, Draget,
Skjék-Brzk, & Smidsr@dd, 1995). It is a hydrophilic colloidal carbohydrate extracted
with dilute alkali from various species of brown seaweeds (Phaeophyceae). In
molecular terms, it is a family of unbranched binary copolymers of (14)-linked B
~D-mannuronic acid and a-L-guluronic acid residues of widely varying composition
and sequential structure (Moe, Draget, Skjak-Brazk, & Smidsr@dd, 1995; King, 1983).
Alginic acid is the only polysaccharide, which naturally contains carboxyl groups in
each constituent residue, and possesses various abilities for functional materials
(Ikeda, Takemura, & Ono, 2000). The most useful and unique property of alginatesis
their ability to react with polyvalent metal cations, specifically calcium ions, to
produce strong gels or insolublepolymers (Grant, Morris, Rees, Smith, & Thom, 1973;
King, 1983). Such Ca-alginate gels are used in the food processing industry for
producing restructured foods such as meat products, onion rings, pimento olive
fillings, crabsticks, and cocktail berries (Moe, Draget, Skjdk-Brzk, & Smidsrdd, 1995),
and in the biotechnology industry for producing beads for immobilization of cells or
enzymes (Brodelius, 1984). Considering the potential amount available as a natural
resource and reproducibility of alginic acid, it is meaningful to develop as a source

for the biodegradable or edible films (Lazarus, Kaanane, & Chen, 1976; Parris, Coffin,
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Joubran, & Pessen, 1995; Pavlath, Gossett, Camirand, & Robertson, 1999; Pavlath,
Voisin, & Robertson, 1999; Williams, Oblinger, & West, 1978). Though edible films
prepared from hydrocolloids like alginate form strong films, they exhibit poor water
resistance because of their hydrophilic nature (Guilbert, 1986; Kester & Fennema,
1986). The ability of alginate to make strong and insoluble gels with calcium ions
can be utilized to improve such properties of alginate films (Pavlath, Gossett,
Camirand, & Robertson, 1999). However, gel formation of alginate with calcium ions
is so instantaneous that it prevents casting to make films in some cases. Draget,
@Dstgaard, and Smidsr@dd (1991) proposed a technique for slow release of calcium to
form a uniform gel and Kaletunc, Nussinovitch, and Peleg (1990) reported a method
of increasing gel strength by immersing it into aqueous solutions of multivalent
cations. Pavlath, Gossett, Camirand, and Robertson (1999) reported that the water
solubility property of alginate films was significantly improved by immersing the film
into solution of salts with multivalent ions. However, they did not report on other
film properties such as water vapor permeability (WVP), tensile strength(TS),
elongation at break (E), and water solubility (WS) of the film.

Though the solubility of edible films is one of the most important properties in food
or pharmaceutical applications (Kanig & Goodman, 1962; Sothomvit & Krochta, 2000),
most of the published studies on biopolymer films deal mainly with film formation
and film properties such as mechanical and barrier properties (Kim, Ko, & Park,
2002).

The objectives of this work were to develop a modified procedure to prepare water
resistant alginate films through inducing cross-link with ionic calcium and to assess
their physical and mechanical properties including surface color, tensile strength (TS),
elongation at break (E), water vapor permeability (WVP), water solubility (WS), and
swelling ratio (SR) of the film.

Materials and Methods

Materials

Commercial grade Na-alginate (Product No.: 37094-01) was purchased from Kanto
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Chemical Co. (Tokyo, Japan) and glycerin was purchased from Mallinckrodt Baker
Chemical (Phillipsburg, NJ).

Preparation of films

A film-forming solution was prepared by slowly adding 4 g of alginate powder in
a constantly stirred mixture of 200 mL of distilled water with 2 g of glycerin as a
plasticizer. The mixture was heated on a hot plate with stirring until the mixture
dissolved completely to become clear then heating was stopped. Each solution was
strained through eight-layered cheese cloth (grade 40, Fisher Scientific, Pittsburgh,
PA) to remove foam and other impurities, and poured onto a leveled Teflon-coated
glass plate (24x30 cm). Films were allowed to dry at ambient conditions for about 24
h and the dried films were peeled off from the plates.

Modified films were also prepared using two different methods of CaCl; treatment.
In the first one, designated as 'mixing film’, a different amount of CaClz (0.04, 0.08,
and 0.12 g CaCly4 g alginate) was mixed directly into film-forming solutions and
followed the same as above. The second one, designated as 'immersion film’, was
prepared by slight modification of the procedure of Pavlath, Gossett, Camirand, and
Robertson (1999), where the preformed alginate films were soaked for 5 min in
different concentrations of CaCly solutions (1, 2, 3, and 5 g CaCly/100 mL distilled
water). To prevent curling of the films during drying, 100 mL of each CaClz solution
was poured onto the dried alginate films (about 7 g moisture/100 g initial material)
on the rimmed glass plate prior to peeling. After immersing the film for 5 minutes,
the CaClz solution was discarded and dried the treated film at ambient condition for 6
h.

The films peeled from the plate were cut into 7x7 cm, 2x2 cm, and 254x10 cm
pieces for the measurements of surface color and water vapor transmission rate
(WVTR), water solubility (WS) and swelling rate (SR), and tensile strength (TS) and

elongation at break (E), respectively.

Film thickness

Film thickness was measured using a micrometer (Dial thickness gauge 7301,
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Mitutoyo Co., Japan) at a 0.01-mm accuracy. Five thickness measurements were
taken on each tensile testing sample along the length of the strip with the mean used
in TS calculations. Similarly, five measurements were taken on each WVTR sample,

one at the center and four around the perimeter and the mean values were used in

WVP calculations.

Conditioning

Film characteristics were determined after all sample films were preconditioned in a
constant temperature humidity chamber (Model FX 1077, Jeiotech Co. Ltd.,, Seoul,
Korea) set at 25C with 50% RH for at least 48 h to adjust the moisture content.

Color

Color values of the films were measured with a CR-300 Minolta Chroma Meter
(Minolta Camera Co., Ltd., Osaka, Japan). Films were placed on a white standard
plate (calibration plate CR-A43) and the Hunter-Lab color scale was used to measure

color. Total color difference (E) was calculated as:

AE = (L%+a%+b%)%° 1)

where L. = Lstandara — Lsample a = dstandard — dsample b = Dstandard ~ bsa.mple~ Standard
values for the white plate were: L = 96.86, a = -0.02, and b= 1.99, respectively. Five
measurements were taken on each film, one at the center and four around the

perimeter, and the mean values were used.

Tensile strength and percentage elongation at break

TS and E were evaluated with a Model 4465Instron Universal Testing Machine
(Instron Engineering Corporation, Canton, MA). Initial grip separation was set at 50
mm and cross-head speed was set at 500 mm/min. TS (Pa) and E (%) were

calculated using the following relationships:

TS = Fma/ A (2
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where Fmax = maximum load for breaking film (N) and A = cross-sectional area of

the sample (i.e., thickness x width) and

E (%) = (L / Lo) x 100 (3)

where Lo = original length of the sample or initial gage length (50 mm) and L =
difference in the length at the moment of rupture. TS and E measurements for each
type of film were replicated three times with individually prepared films as the
replicated experimental units and each replicate being the mean of seven tested

sampling units taken from the same film.

Water vapor permeability

Water vapor permeability (WVP) (g.m/m%s.Pa) was calculated as:

WVP = (WVTR.L)/Ap (4)

where WVTR was measured water vapor transmission rate (g/rnzs) through a film,
L was mean film thickness (m) and Ap was partial water vapor pressure difference
(Pa) across the two sides of the film.

WVTR was determined gravimetrically using a modified ASTM Method E 96-95
(ASTM, 1995). Film specimens were mounted on poly(methyl methacrylate) cups filled
with distilled water up to 1 cm from the film underside. The cups were placed in an
environmental chamber set at 25°C and 50% RH. A fan was operated within the
chamber creating an air velocity of 198 m/min over the surface of the cups to
remove permeating water vapors. Weights of the cups were recorded every hour for
a period of 8 h. Steady state was reached after about 1 h. Slopes of the steady state
(linear) portion of weight loss versus times curves were determined by linear
regression to estimate WVTR. In calculating WVP, the effect of resistance of the
stagnant air layer between the film undersides and the surface of water in cups was

corrected (Gennadios, Weller, & Gooding, 1994).
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Water solubility (WS) and swelling ratio (SR)

To determine the effect of CaCl2 treatment on the water resistance of alginate
films, WS of each treated film was measured according to the method of Rhim,
Gennadios, Weller, Cezeirat, and Hanna (1998). Three randomly selected samples from
each type of film were first dried at 105° C for 24 h to determine initial dry matter.
Additional three films were placed in a 50-mL beaker containing 30 mL distilled
water. After sealing the beaker mouth with aluminum foil, the beakers were placed in
environmental chambersat 25C and 80 C for 24 h with occasional gentle stirring.
Unsolubilizeddry matter was determined by removing the film pieces from the
beakers, gently rinsing them with distilled water, and then oven drying (105°C, 24
h) them. The weight of water solublematter was calculated by subtracting the weight
of unsolubilized dry matter from the weight of initial dry matter and expressed as a

fraction of the initial dry matter content using following relationship:

WS = (So-S)/So (5)

where So = initial dry matter which can be calculated by initial sample weight
multiplied by solid content, S = unsolubilized dry matter. Film samples were weighed
to the nearest 0.0001 g before and after drying. Dry matter and WS were determined
in triplicate for each type of film.

To determine the effect of solubilization water temperature on WS and SR of water
resistant alginate films prepared using the immersion method in 3 g/100 mL CaClp
solution for 5 min, WS and SR of the film were determinedat 25, 50, 70, and 90°C
using the same film samples. SR of the films was determined according to the
method of Rhim, Park, Jung, and Park (1997). Pre-weighed film samples were
immersedin to each temperature of water for 10 min, then removed from the water
and soaked the surface water with filter paper to measure the final weight. SR was

expressed as a fraction of increase in weight against initial weight of the film.

Sorption isotherms
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Sorption isotherms of films were determined by the static method (Wolf, Spiess, &
Jung, 1985). Air-tight glass culture bottle (1 L) containing saturated salt solutions of
LiCl, KC:H302, MgCls, K2COs, Mg(NOs), NaCl, KCl, and NaHPO4 for 0.11, 0.23, 0.33,
043, 052, 075, 0.86, and 097 aw at 25°C (Labuza, Kaanane, & Chen, 1985),
respectively, were used to hold triplicate square samples (2x2 cm) in a receptacle
made of nylon net hanging over salt solutions. Bottles were kept in a constant
temperature incubator at 25°C. Samples were allowed to equilibriate with the
environment inside the bottles and the samples were weighed every day until there
was no discernable weight change after attaining equilibrium (generally 10-13 days).
Weight of moisture equilibrated samples, and after drying in an oven at 105°C for 24
h, was determined with 0.0001 g accuracy. Adsorption tests were done in triplicate

for each type of film at each relative humidity.

Statistical analysis

Measurements of each property were triplicated for color, TS, E, WVP, WS, and
SR with individually prepared films as the replicated experimental units. Statistics on
a completely randomized design were determined using the General Linear Models
procedure in the SAS program (SAS Institute Inc., 1988). The significance of each

mean property value was separated (P<0.05) with Duncan’s multiple range tests.

Results and Discussion

Film-forming and color

Alginate films, prepared with or without CaCly treatment, were all transparent and
pliable. In the preparation of the ‘mixing films’, the viscosity of film-forming solution
increased rapidly as the concentration of CaCly increased. When CaCl; was added at
more than 0.12 g, the solution formed too strong of a gel to be cast to make film. So
the maximum concentration of CaCly for the mixing film was decided to be 0.12 g of
alginate. Even in this case, surface of the film was not as smooth as the control
films. On the contrary, the 'immersion films' were prepared without any limit of

CaCly concentration. After soaking in CaClz solution, the films dried much faster than
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the control films resulting in slightly translucent, milk white-tinted and stiff films.
Sometimes the change in surface color of films can be used as an indicator for
developing crosslinking in the film molecules (Rhim, 1998; Rhim, Gennadios, Weller,
Cezeirat, & Hanna, 1998). However, Hunter color values of CaCly treated films did not

show any significant difference compared with control films (Table 1).

Table 1. Hunter L, a, and b values and total color difference (E) of alginate

films!.

Films L a b AE

Control film : 875t0.1c -0.35+0.08abc 1.02+0.20ab 9.42+0.11b

Mixing film

004 g of CaCl2 87.310.2b -0.27£0.02c 1.0820.06ab 9.80%0.10cd
008 g of CaCl2 87.0+0.2a -0.27+0.01c 0.88+0.15a 9.95+0.16d
012 g of CaCl2 87.21+0.1ab -0.28+0.01c 0.87x0.11a 9.71+0.11c

Immersion film

1 g/100 mL CaCl2 soln 88.1+0.1d -0.42+0.02a 1.04+0.08ab 8.8220.08a
2 g/100 mL CaCl2 soln 87.6%0.2c -0.41+0.06ab 1.02£0.07ab 9.30+0.20b
3 g/100 mL CaCi2 soln 87.5+0.0bc -0.43+£0.02a 1.15£0.02ab 9.4520.01b
5 g/100 mL CaCl2 soln 87.210.2b -0.33+0.06bc 1.29+0.33b 9.67+0.14c

"Means of three replicates standard deviations. Any two means in the same column
followed by the same letter are not significantly (P>0.05) different by Duncan's
multiple range tests.

Film thickness

The thickness of alginate films changed significantly depending on the film
preparation method as shown in Tables 2 and 3. The thickness of the 'mixed films’
was the thickest followed by the control and the '‘immersion films’. The thickness of
the immersion films seemed to decrease because alginate was solubilized during
soaking in CaCl2solutions. Pavlath, Gossett, Camirand, and Robertson (1999) assumed
two competing reactions, ie. dissolution of alginate by the solution and
unsolubilization of the films by forming crosslink between Ca** and carboxyl groups

on the film surface, would have occurred when the films were immersed in CaClz
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solutions. When the concentration of Ca* was low, the first process, i.e. dissolution
of alginate would be dominant to reduce the film thickness. Conversely, increasing
Ca® concentration would counteract the dissolution by the crosslinking. The results
also showed that the thickness of immersion films decreased compared with control
or mixing films, however, the film thickness of immersion films increased as the
concentration of CaCl: solution increased. This result indicated that the degree of

unsolubilization of alginate films increased as the concentration of CaCl; solution

increased.

Table 2. Tensile strength (TS) and elongation at break (E) of alginate films!

Films Thickness (um) TS (MPa) E (%)

Control film 62.9x2.0bc 33.6+3.1a 14.0£2.9d
Mixing film

0.04 g of CaCl2 65.24¢3.1cde 39.3x0.4a 11.8+2.2cd

008 g of CaCl2 68.0+2.7de 435+4.5a 9.1x1.3bc

012 g of CaCl2 69.2£2.6e 38.8+£1.7a 10.5+1.2bc
Immersion film

1 g/100 mL CaCi2 soln 56.2+3.0a 75.844.9b 82+2.2b

2 g/100 mLCaCl2 soln 56.3t3.1a 74.9451b 34+14a

3 g/100 mL CaCl2 soln 57.9+15a 73.3+6.9b 3.6+0.5a

5 g/100 mL CaCl2 soln 59.1£2.6ab 85.917.8b 3.8+0.9a

"Means of three replicates standard deviations. Any two means in the same column
followed by the same letter are not significantly (P>0.05) different by Duncan’s
multiple range tests.
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Table 3. Thickness and water vapor permeability (WVP) of alginate films'

WVP
Films Thickness (um)
(x10-9 g-m/m2-s-Pa)

Control film 62.9+1.6bc 1.42+0.12b

Mixing film
004 g of CaCl2 63.7+2.8bc 1.48+0.08b
0.08 g of CaCi2 64.5£0.4bc 1.30+0.03b
0.12 g of CaCl2 67.5+3.5¢ 1.41£0.03b

Immersion film

1 g/100 ml CaCl2 soln 56.5t1.2a 1.08+0.09a
2 g/100 mL CaCl2soln 58.411.7ab 0.93+0.11a
3 g/100 mL CaCl2 soln 60.3t1.2ab 1.03+0.01a
5 g/100 mL CaCl2 soln 60.3+0.4ab 0.99+0.12a

'Means of three replicates standard deviations. Any two means in the same column
followed by the same letter are not significantly (P>0.05) different by Duncan’s
multiple range tests.

Tensile strength (TS) and elongation at break (E)

Table 2 shows TS and E of alginate films prepared with or without CaCls
treatment. Alginate films were strong as indicated by high values of TS, which was
33.6+£3.1 MPa. Generally, TS increased, while E decreased by CaCl; treatment, though
the degree of change depended on the method and concentration of CaCly treatment.
The change of TS and E in the immersion films was more pronounced than the
mixing films. Pavlath, Gossett, Camirand, and Robertson (1999) reported that TS of
alginate films prepared by immersing in 5 and 10 g/100 mL CaCly solutions for 5 to
60 min were 41.11 to 73.28 MPa depending on the CaClz concentration and treatment
time. Their results indicated that as the concentration of CaCly solution increased TS
increased, which agreed well with the results of this study. Again, the increase in TS
and the decrease in E by CaCly treatment were mainly due to the development of
crosslinking between carboxyl group of alginate and Ca® (Chavez, Luna, & Garrote,

1994; Pavlath, Gossett, Camirand, & Robertson, 1999).
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Water vapor permeability (WVP)

Table 3 shows WVP of alginate films. WVP of the alginate films was 1.42+0.12
x10® g-m/m’s-Pa. This is 2.3 times lower than that of K-carrageenan (another
carbohydrate from red algae) film of 3.30+0.09 x10° g-m/m?-s-Pa (Rhim, Park, Jung,
& Park, 1997). Parris, Coffin, Joubran, and Pessen (1995) reported the WVP of
alginate films prepared using alginate and glycerin (7:3 by weight) was 0.65+0.01
x107° g'm/m*s-Pa. This value of WVP reported by them is less than half of the
observed WVP. The difference may be caused by the difference in the film
preparation and WVP measuring conditions. They added a lower amount of glycerin
in film preparation and they measured WVP at 30°C instead of 25°C. Reportedly,
water vapor barrier properties of biopolymer films decrease by adding a greater
amount of plasticizer like glycerin (Gontard, Guilbert, & Cuqg, 1993) and WVP of films
decrease with increasing temperature of WVP measurement (Rhim, 2002). As shown
in Table 3, the WVP of alginate films was affected greatly by the method of CaClz
treatment. While the change in WVP of the mixed films was not significant (P>0.05),
WVP of the immersion films decreased significantly (P<0.05). Decrease in WVP due
to crosslinking by Ca® was also observed with other type of films. Pectin films
decreased in WVP from 133.6 to 44.3 g-mm/m’-day-kPa by immersing the films in 5
g/100 mL CaCl® solution for 5 min (Pavlath, Voisin, & Robertson, 1999). The WVP of
protein films such as casein was reduced by calcium ion crosslinking of protein
(Avena-Bustillos & Krochta, 1993). It was assumed that ionic crosslinking reduced
polymer segmental mobility, thus reducing WVP through the film matrix.

Water solubility (WS)

Table 4 shows the results of WS of alginate films prepared with or without CaClp
treatment determined at 25 and 80°C. Alginate films without CaClz treatment were
almost completely dissolved in waterand most of the mixing films also disintegrated
during immersion in water, which made it impossible to measure the WS (Table 4).
On the other hand, the immersion films except immersion . in 1 g/100 mL CaCl,
solution retained their integrity at both lower and higher temperatures. The WS of

the immersion films showed difference by the immersion temperature, but did not
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show any significant difference by the concentration of CaClz solutions. By taking
into account of the hydrophilic nature of the plasticiszer added in preparation of the
films, the water resistance of the alginate films immersed in more than 2 g/100 mL
CaClz solutions increased comprehensively by the ionic crosslinking of Ca®". Pavlath,
Gossett, Camirand, and Robertson (1999) suggested that desolubilization of alginate
films by the immersion in CaCly solutions was a function of treatment time and ca*'
concentration, and they also reported that a 2 g/100 mL solution was not sufficient to
desolubilize alginate films, however, they did not provide the quantitative data on the
WS of Ca2+treated alginate films. Pavlath, Gossett, Camirand, and Robertson (1999)
also asserted that higher ion concentrations resulted in considerably less solubility of
alginate films not be dissolved in distilled water evenafter 3 weeks. The alginate
films prepared by immersing in 3 g/100 mL CaCl: solution were observed to maintain
their integrity in distilled water at ambient condition even after 5 months. Again,
such increase in water resistance of alginate films was caused by the formation of
crosslinking with calcium ions bound with carboxyl groups on the surfaceof alginate
films. Reportedly, in order to react with calcium, alginate has to contain a certain
proportion of gululonic acid, and the gululonic acid monomers must occur in series
(Grant, Morris, Rees, Smith, & Thom, 1973). Regions of polyguluronic acid in one
alginate molecule are linked to a similar region in another alginate molecule by means
of calcium. The divalent calcium cation, Ca®, fits into the guluronic acid structures
like an egg in an eggbox. This may be visualized as ’‘molecular cross-linking
glue’binding the alginate polymers together by forming junction zones, leading to
increase in water resistance of alginate films.

Interestingly, moisture content of alginate films was different dependingon film
preparation method. Moisture content of the immersion films was significantly
(P<0.05) lower than the control films, while that of the mixing films was higher.
Such difference in moisture content of alginate films might be caused by the change
in hydrophilicity of the films and consequently affect watersorption or permeation
properties of the films. Water sorption isotherms of alginate films, i.e., the control, the
mixing (0.08 g CaCly/4 g alginate), and the immersion (3 g/100 mL CaCl2solution)
films, indicated such trend as shown in Fig. 1. All the films showed a typical
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biphasic pattern of isotherm curves which was frequently observed in other
biopolymer films such as zein films (Gennadios & Weller, 1994; Lai & Padua, 1998),
cellulose-based films (Cruz, Torres, & Martin-Polo, 2001), and wheat gluten and soy
protein isolate films (Gennadios & Weller, 1994). As shown in Fig. 1, water sorption
properties of the mixing film were similar to that of the control films and degree of
water sorption of these two films were higher thanthe immersion films. This result
explains the difference in WVP between the immersion films and the other films

(Table 3).

Table 4. Water solubility (WS) of alginate films at 25°C and 80°C"

MC (%, wb.) WS25°C 2 WS80*C 3
Control film 23.9+1.3d -4 -
Mixing film
004 g of CaCl2 25.8+0.5¢ - -
0.08 g of CaCl2 25.5+0.8¢ - -
012 g of CaCl2 26.20.1e - -
Immersion film
1 g/100 mL CaCl2 soln 15.7£0.1a - -
2 g/100 mLl CaCl2 soln 16.5+0.1ab 0.164+0.021a 0.217+0.007a
3 g/100 mL CaCl2 soln 17.3+0.0bc 0.1660.007a 0.200+0.023a

5 g/100 mL CaCI2 soln 17.7£0.2c 0.167+0.021a 0.208+0.014a

'Means of three replicates standard deviations. Any two means in the same column
followed by the same letter are not significantly (P>0.05) different by Duncan's
multiple range tests.

*Water solubility determined at 25°C

SWater solubility determined at 80°C

‘WS could not be determined due to disintegration of films.
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—e— Control film
| —o— Mixed film (0.08 g CaCl,/4 g alginate)
—v— Immersion film (3 g/100 mL CacCl, soln)

Equilibrium Moisture Content (g H,0/g solid)

0.0 0.2 0.4 0.6 0.8 1.0 1.2
Water Activity

Fig. 1. Moisture sorption isotherms of alginate films.

Swelling ratio (SR)

Swelling ratio (SR) of films was used as a measure of the extent of crosslinking,
similar to its use for protein films like collagen (Weadock, Olson, & Silver, 1984).
Previously, the SR of the alginate films prepared by immersion method was found to
strongly depend on soaking water temperaturerather than soaking time (Rhim, Kim, &
Kim, 2003). The temperature dependence of WS and SR of the alginate films prepared
by immersion in 3 g/100 mL CaCly solution are shown in Fig. 2. While the WS did
not change considerably by the increase in temperature, the SR decreased linearly
with temperature. This property of the films could be properly applied in food and
non-food applications, such as a separating layer between heterogeneous food
materials with different water activities or a coating materials in such conditions as
high temperature with high moisture like single-use coffee cups or soup bowls made
of paper.

Generally, physical and mechanical properties of alginate films were modified

significantly by the crosslink with calcium ions in both the mixing films and the
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mmmersion films. However, the degree of change of the immersion films was more
pronounced than that of the mixing films. This is probably due to the structural
differences between these films. Crosslinking between calcium ions and alginate
molecule is an instantaneous process. In the mixing method, formation of the
crosslink is so instantaneous that it cannot make a homogeneous in the sense of
distribution of the crosslink, that is the distribution of the crosslink is not even in the
entire films. They contain region of high crosslink density (.e., cluster), which is
dispersed within regions of low crosslink density. On the contrary, the crosslink
density is relatively even in the films prepared by the immersion method. The
difference in the crosslink density between the mixing films and the immersion films
probably affected the physical and mechanical properties such as WVP, WS, TS, E,

and water sorption behavior of the water resistant alginate films.

1.0

0.8 A

0.6 -

Swelling Ratio

Water Solublity or Swelling Ratio

0.4 -
Water Solubility
0.2 -
Y —8— —— ¢
00 T T T T T T T
20 30 40 50 60 70 80 80 100

Soaking Temperature (°C)

Fig. 2. Water solubility and swelling ratio of the alginate films prepared by
immersion in 3 g/100 mL CaCl, solution for 5 min.

- 224 -



Implication

Reacting with calcium ions through immersion of alginate films in CaCl2solutions,
water resistance increased significantly (P<0.05) with increase in TS and decrease in
WVP of the films. In addition, SR of the films decreased with soaking temperature
without affecting WS. Such properties of the films could be utilized to make them as
a natural water-insoluble film in food and non-food applications where plastic
packaging cannot be applied. They can be used as a separating layer inside
heterogeneous foods to prevent moisture migration between parts having different
water activities and they can also be used as coating materials for single-use coffee
cups or soup bowls made of paper. Especially, the water resistant edible film coated
paper cups will be a help to alleviate the environmental concerns on
non-biodegradable plastic solid waste by providing opportunity to replace polyethylene

coated single-use paper cups.
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B8l AFE A el FHel wet 25-30% BE FAL BEol AU, ol AW
Abel Hotel me nPEe FFol FUEAY) WEelth CaChAgd o3 =7 A§
R AR EFLE EF 259 T Zasged FA9 #aUt dExT "9EY 73
T CaClA @ AFo] FdAHA o] (p<0.05)E dYerdoy it BJdge ZA¢:
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Fig. 5. Effect of fatty acids and CaCL; treatment on WX of the alginate-based

films.
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Table 1. Thickness and surface color of the alginate-based films®.

Thick
Films cRness L a b AE W
{um)

control-N  567£24°  920+02®°  -0.124#003°  1.09+0.1*°  49+02°  91.9+0.2°

control-T  53.0+2.2% 91.6£1.0°  -0.12+0.04°  1.22+0.1° 5.3+1.0° 91.5+1.0°
LA-N?  833:59%®  929:0.1% 0.10+0.1¢ 2.3402°  40+01® 92501
LA-T 792:06"  925:02°  -003+01°  291:02°  45x01°  91.9+02%*
PA-N 80.1+29"  928+01%  -01:004™  263:0.1*  4.1£0.1°  92.4:0.1>°
PA-T 77.1x05" 9234003  -020+0.1*°  354:03%  4.8+0.1% 91.5+0.1
SA-N 702:11°  934£002'  -0.03x0.02°  254x0.1°  35%0.02° = 92.9+0.01°
SA-T 700:17°  925:01*  -0.12+003°  35%0.1° 46:01™  91.8:0.1°
OA-N  713:16°  926+02°  -021+0.01° 264+0.1°  44%02*  921x02*
OA-T 69.7+2.1° 922403  -0.20+0.1°  290+03°  4.8+02% 91.6+0.2°

Y Means of three replicateststandard deviations. Any two means in the same column
followed by the same letter are not significantly (P>0.05) different by Duncan’s
multiple range test.

2 LA: lauric acid; PA: palmitic acid; SA: stearic acid; OA: oleic acid
T: CaCly treated; N: non-treated
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Fig. 1. SEM micrographs displaying the effect of fatty acids and CaCl;
treatment of the alginate-based films.
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Fig. 2. Effect of fatty acids and CaCL: treatment on TS of the alginate-based
films.
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Fig. 3. Effect of fatty acids and CaCL: treatment on elongation at break(E) of

the alginate-based films.
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FEo]l BF 743, ol& oleic acidE AYF & A4S (lauric acid, palmitic
acid, stearic acid)2 A2A TAFHEA L1k Hg] FAR 7|7 H2 A Zo] A7
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ATZAFAANE FAd v Th15-17).
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permeability; WVP)& Fig. 49 2l Auits BJdES Aoz A 4104 459
WVP= oleic acidE A Qstays A A (P<0.05) #4349 e, stearic acidE H7Hsh
A7 7HF v WVPEHES Yedlen o822 palmite, lauric acid €23 YER T
53] stearic acid® #H7Me A$E WVPZF 1.44+0.06 ng - m/m’ - s - PaslAl 0.66+0.03

ng-m/m’-s-Pa2 2 W o4 gadgrh dwuRos AR A7Y 2SI
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=7 AA FF15HRE7E Fokst A @0h22-26). & AT AFANAE EEIA A
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< CaCl; Ao o8] WVP7 2o vja] 17-29% A= #AsA ol CaCl2el
o ZtmAggel FAHY AFEANA5-17) 53 37 AGd FAEHN MR w2
stearic acid®] ¢ AWAty BEHEES Ax3ln CaCh: AsB2A 414 &9
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Table 2. Effect of fatty acid and CaCly treatment on the BET monolayer

moisture content of the alginate-based films.

BET monolayer moisture content (%, d.b.)

Films Non-treated R’ CaCls-treated R?
Alginate (Control) 10.5 0.99 9.1 0.99
Alginate/Lauric acid 152 0.99 11.0 0.99
Alginate/Palmitic acid 157 0.98 129 0.99
Alginate/Stearic acid 17.2 0.98 144 0.98
Alginate/Oleic acid 8.5 1.00 8.1 1.00

T4 548 F3A77] #18te] A W4Hlauric, palmitic, stearic,

_)’\_
oleic acid)™} BZHES A X332 CaChgAo g s, o059 Xz FHNE &9

A, BRA, vATE, AFLE, AFE, TEE, FREAE L FLEFIUS 24
o zASHTh Y4 WES APdste] BYREL FAHAY CaCl AYE =z
g9 FATEIE 2A Wstgn BEY APFEE AEE APV FRol wat

25-70% AE Faden, CaCl Mgl os) 15-2 ¥ F7tstdnt. Z&9 AFES
F 7HAY Ao o9& BF gasdu BH5EE 233 XA oleic acidg A9 5t
T Ak EEES AxsEz fodHez (p<0.05) H2EAAT. FEEHE A
% 7R Aeld) 8 BE 7asgsu, stearic acid®] A$E F b AL Waso

AHEstrs FEGIHAEIE o 30M A=A #FasATh BE &AL EY F2FEH
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W Suetel AAAGAAE BT TR A2F/ Adstn Qo F2de
o Wz dstd Hd, gAn Fol WY Y Y¥HD Yot olFe F2 A

=
4 9EDR Lol WAL ke vEtEAELR A3

As

AFAYE A ¥ 9D (Undaria pinnatifida)d, ©l€E7], 9gH, vA#
(Laminaria japonica), %(Hizikia fusiforme)S Ad &% A9 AX7IFTZANA 749
o 60T FFAZTINA 1242 xS ¥ hammerd L& EH 7] (BA71ADE AHE
Sto} 180 mesh 2712 gt WA RAFNAX FF AZXE AESE AT,

SNES
SEELY 52 zoud 223 244, 2582 AOACHO) st A5t

459 Azx

AzdEY AXE 3 Ax2HE G0 F FEE 5 J= PHE AAEI] A
o] Nishide 5(10)°] HZFZHE 404 32¢ A8 A28 WRE $HE Yoon™
of Wl wet A AEd, g My, A - &2 18, dFAGY, 1AL
E AXYE & F olg o83t "ES AxsAh duEE A - dEY ey
ol EAEA 7HF 4T Ao YA o FEE - dZE WEHE AHESHY §)
ZHEES AxsAT F, g £ 5 g€ 200 mLe 1% (w/v) NaxCOz& 4l ¥ il hot
plate el A 7tEs Aol ZaA wurstdEA &3A170 F 1 N HCI8 7 mL& 713}

Z33] AN F tEAZA glycerol 2 g& A7l EFEAT o] £9S 90T
o FEEAA 0¥ 7HEY F AEES VY FHo FI KR (30 cmx24 cm)el
Fol A2olA o 24X A

ax
&l CaClE M 3te & A £A9 Ca o] 7tudds FYSES ¢
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=H(12), CaCle gl wet F 74 Wyoz H2IAEFE AxsAT AAE
A=LF 8RN Az A 012 g9 CaCLE EF3 7tudge = ol EA
© Rhim §(13,14)¢] o wet dg = Y55 AR & BES 3%9 CaCli9
of 58 AXF F A=RAA tuFdFE AN FEoth old JAH(AN AxFH
A T Y FFHoly MYl doute A BAEY] st 134 Axd BES &
BN HojuA] &L A2 LF F¥ol CaClid 100 mLE Hof 58T A
AE AARL Al FeoA 3~4M 7 ARse BES AxSAT. F A "E

B Azt Bd Fol fe Bl gojulel BEe A SAIERY o FEE 33

2E 38 ANEE 25C, 50% AUsEE 23H 2357 1(Model FX 1077, Jeiotech)
h=}

oI 48 At o1 FEEFL 2AE F Be 54 3ol AeaA

4&9 71

Zt dE9 F7+¥ 001 mme AYEE zE uwlo]=2 2w (Dial Thickness Gauge
7301, Mitutoyo, Japan)& AH-&3ste A3 FEE $4E AgEE FASTS 4 4
T FAE S 2 BEFE AL FEASTY ALt Agsgen, A%
E 538 A5 94 Zo] BFo g gl R FAE A4 1 HE%E AHE3
259 ARZE Aol A Y.
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CR-143) Aol ¥ HE9 FAHAH 9 d 598 XIS A 99 HAxg &A%
o HITHSZ FASYY. ©]E Hunter L, a @ b go2HE Mx(Total Color
Difference; 4E)E tS 2o 9l AAsl )
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£ 2 8EY 209 AES Asgon, 35 w2 49 WA TR et

ZE9 FE&3E(water solubility; WS)E Rhim $(19)¢] el wat FAsto.
A FEEAs 538 *F 3WE Aste 16T Adx7|0A 244 Axdte BE9
AEEFS A, T2 8AE FHE 2& 3WE B2 FH3lo 50 mL §F2] volH

o $%5 % 30 mLst &7 ¥ Y478 parafilme 2 HEd £ 4 25C A7) ¥
VR &80l FEA dA A Fo Bl =R &S EEFS Ao 106TH Ax7
AX 24X F

¢ AXAA AELFE AN AxPEY FELAEE HE A1

7] W&o FESIAE 4 Al B &A= ATE 10ELE
53] FARAT. BEY SFET 27| AEe i B &3E ¢ HEEE
YEtT Zt 259 &EE 33 WEHAYS AN FdgesE et

Y EE

7 gge HE QAT P AFE FEE P FREGEE 47 B2 Az 9F
s APIA2 sl 35 w2 zgRaY. 3 WE SANY FFAY FFUAE
SmmeG@mﬂuman&%4%ﬂdﬁWﬂ%2%2$%ﬁﬁﬂnﬂ@ﬂzw
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Table 1. Proximate analysis of various marine algae (unit: g/100 g solid)

Marine Algae Crude protein Crude lipids Crude ash Carbohydratel)

feal of sea 25103 39+0.1 247401 46.3+0.1
Stf;?m‘t’grgea 9.7+0.3 1.3£0.03 46.7+0.3 42+0.2
sporophyll of sea 138+0.1 51405 30.1+0.03 50.9+0.2
sweet tangle 10.1£0.04 2.1+0.3 26.5+0.6 61.4+0.3
fusiforme 17£0.1 1.9+0.3 18.6+2.2 625+1.1

b By subtracting moisture, protein, lipid and ash contents from the total.

Table 104 H= upe} o] olg sx2fFe &I d53tE9 TFo] ¥& RAOZE Y
Bed, ole dutd oz szxFode dFe /133 d2FI SHHA U] gl
% Goo T2 ZxfFoE Cas HIFES T2 AdFHI/F UF TH5 god, o
£ OEdie diie] dxteln ojge] FAYZ laminaran¥ fucoidanzt 22 3
1€ Zte Adgge] b FRH0 &S wal v ik AEV|E 02 FAY g3
9 FFE Fol /M oy, oz gAul uldH, udd, vgdEr] &0l
°l= Yoon(11)e] BhAw}, w) Y, B & AMgate dFFE, &7E F29, Addy B4
WS AFEEY S FE2E A Fol 4 MR Bol Rt v AAet
dAs . 2HU Do §(22)& tAlRl w1 g, B9 FAoldFdFe] 44 50.7%,
472%, 42.6%°12 st ol & A7 ATs tid Aolrt Jont ol F Aole At
£8 NB Fold Qe Rz AW A2 Hx AR AH Y A
H F2d BHAE HAE Aoz A o

oot
2

N

lﬁlﬂl

MAYE Fol WEY Y4l s B HE Ao UHA ¥ - 9B PEUS A
g3t H2WES AZE u Y GASETE WF] T VEAIHOY T I
Fol 4z14ke] FFol ok BE FAFol ¥L A2 Y
W Ase 08 dzeld dA AHESHE PHoEE £ WL AZY F Yo} oIF2
2 F4%0 29Y vgn dAntE AgSETh Mgy ASE RgEz Mgy, o
427l € vdAE Aol WES AzsAT. 53 CaCl HF/HEEY AS, IV
g AS310% AN el AF OB FrHE gAY F=ot
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otz "E9 Ax E/E3Y 2 HVMEEE 012 g (&, 0024 g CaClyg seaweed
powder) 2 AA A}

o|FA Axd HXLEL AsFol TLHA FYth F, K& BH HE FF L wn

1 Fdsgey 715 JF AFFE da AW FUE oJFU ol BE A
To] #dskA &€ Juigted &, Y589 AxHE FX L= 2 A EA
7t TR olFsta Aoz ATt e AX YAS0l AF WEHN] HE
o2 AZtAt w9 g gAutE Az BFL stiffness7t W& FEFHE BEo] A=
Halen, vggoes Axd L O A uE AFAgHol i Hojxlen
NHEZIE AxF YEL UE AP E vE) BN S5 A o] FHHAG

AF9 #aXN

Hunter L, @, b R AEG2 2 FAIT ZF @& THAML Table 20] YERD vle} 2},
dutdo g sz FHol wet e ngPE F$ AL FHd w 259 29
Aol A ol 7Hp<0.05) PAUTH Soz AAHPL W ndYos PHE AL v Y
o H4& Yetden, ndErj2 9E "9EL 544 da 9k, gARE TE
52 JF 2AE& ngAZ BE YES @& 24
YElW = Hunter el YelUE nviel 2o & ndyog Axdd HE2 Hunter a
geol b ¥, o] WgEriE UE 9
T olEEY fYAHeR F2(p<005) #& deEba gth

Table 2. Surface color of marine algae powder films?

Marine Mixing Films Immersion Films
Algae L a b AE L a b AE -
leaf of

sea 27.7+0.73° -198:0.19" 807+0.69° 69.46+0.69 2845+3.34® -1.09+0.18° 7.62+149° 6866+3.39°
mustard

stem of
sea 4864+133% 3.15:0.66° 31.99+0.31¢ 56.87+0.99° 59.62+1.94° 1.66+0.18° 12.06+1.31° 38.64+1.65
mustard

sporophyll c b
of sea 4237+124° 11.71:0.36° 30.05t1.53° 62.42+0.53° 48.18+0.65° 6.97:0.31° 24.94+0.94° 54.280.75
mustard

mgle 3666061 913:036' 23.47:081° 6458:0.25° 2845+3.34° -1.09:0.18" 7.62:1.49° 68.66+3.39"

YEach value is the mean of three replicates with the standard deviation. Any two
means followed by the same letter are not significantly (p>0.05) different by
Duncan’s multiple range test.
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Az BEY DFFES} AFEL Table 3 o e vhsh 2Y. CaChe) A 2lwol
0 H2BEY AR Aozt Ygvd, BE HXVES IFFEE AN AEo|
EFEEA v EA (0<005) Uehgth o= Q24 BES) A9 AASE Aol
EA CaCl® A4 ¥7hstel AZT BERTE CaChg ol A
SA7F 94 Aol (p<0.05)E ol Wked|, o]k
CaClz&- ool WA she Fol BE 4¥o] gaiHo] AARYY] WEolch oleie A%
AN FE12-193 98 P A= B2A v Aok ARLEE B2
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FEEE vgQoz Axd dE AAREs} 713 Ekon, gd&og udEy), A
al, vl A ol BE "EY AL CaClidd HAA st Axd FE9 AFHEI}
CaCl® A

A Autste] Azxd d5R0 AFA=T HAE 2% (A0 SF)AA BA
< 924% (MgE7] 4

Table 3. Tensile strength (TS) and elongation at break (E) of marine algae
powder films”

Marine Mixing Films Immersion Films

Algae Thickiess 15 (MPa)  E (99  THEKmesS 75 (MPa) B (%)

leaf of sea c e cd b f b
mustard 124.17+341° 1041+1.06° 37.39+14 116.2+5.05 12.17+1.04 30.87%£2.67

stem of sea £ c b a d a
mustard 142.42+2.71° 3.8310.04° 2R8.38+5.25 108.31+3.15 737£1.02° 1791+2.07

sporophyll of e a £ cd ab e
sea mustard 133.11£0.97%° 1.4840.16*° 56.61+6.85 129.99+1.64 1.84+0.04 48.98+0.85

sweet tangle  137.1+525%7 2.32+038*" 5396%5.03% 135.35+3.96% 2.77+0.47°° 3991+253°

YEach value is the mean of three replicates with the standard deviation. Any two
means followed by the same letter are not significantly (p>0.05) different by
Duncan’s multiple range test.
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E ool Aol HEFHAY. F, SxEEY AFEL UFEY), v
8, BARL W97 EF €22 2838-5661%9 #S UEWon, CaClhg ol A st
Azxd BF9] WFE CaCLE AF HAJbsle] AzF WERT F97322(p<0.05) 7
A3t o7 Fde A WEU3,14)9 F oA #FE upsh 2y

1=
AZED WS FHASE Table 4 of by vish 2k HZWEY FHEE 7
AzE g FHE 1Y Yghon, ggoz vyy BE, v

®
=Y
i)
i
sk

e BT CaCl&odo) WX AZF BEY FHE7} CaChE A4 BAAstel Az@
489 FEERY g2 F7HkGT ok 94 BE) A9(314) CaCle) Aol
0e AALEY FEEst MUY RaEd s 2oy A% dxruE ARH2A
FUHA R H2BT WEY PAFEA AUsE Ao wew,

Table 4. Water vapor permeability (WVP) of marine algae powder films?

; Mixing Films Immersion Films
Marine -
Thickness WVP Thickness WVP
Algae o 5
(4am) (ng * m/m* - s - Pa) () (ng - m/m” - s - Pa)
leaf of sea b b ab b.c
mustard 126.9+4.08 3.50+0.03 122.17+4.67 4.02+0.45
stem of sea b a a a
mustard 127.3+853 2.34+0.18 114.43+4.29 2.86x0.27
sporophyli . be .
of sea 129.9+4.29 4.94+0.37¢ 132.5+3.72> 4.38+0.13
mustard
sweet tangle 134.4+4.04°¢ 5.21£0.41¢ 142.7+12.54° 6.28+0.31°

YEach value is the mean of three replicates with the standard deviation. Any two
means followed by the same letter are not significantly (p>0.05) different by
Duncan’s multiple range test.
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UEE A& 2 AEFFY Aold 71U
& CaClz Ay wat
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Table 5. Water solubility of marine algae powder films®

Mixing Films Immersion Films
M.C. (%) WS (%) M.C. (%) WS (%)

leaf of sea a c b.c a
mustard 15.57+0.49 40.79+2.21 21.52+1.05 24.44+36

stem of sea b d d 5
mustard 18.92+0.79 52.74+4.06 27.81+1.54 30.67+2.54

sporophyll of d d 4 .
sea mustard 28.73£2.30 48.95+3.01 28.38+4.22 23.40+1.16

sweet tangle 23.15+1.22°  31.85+3.98" 32.10+0.66° 32.11+1.64°

Marine Algae

YEach value is the mean of three replicates with the standard deviation. Any two
means followed by the same letter are not significantly (p>0.05) different by
Duncan’s multiple range test.

CaCl Helol o3} sz BB Byo] WaPL & & UUEM, ol Pavlath 5
(1223)% Rhim $(1314)0] A4 shst 2ol vhgfel 55l gle 722279 Ca
o] & Atolel 7k:A G (onic crosslink)el B4 W&olrh 1e 1 CaCle) Al
of wek BEY BAY Aot gt Ae T AT FEo Folrt 7l WEA Aoz
Q2 ed, #A8E9 A% Auagel BE AA FTYsA YYHA FEd da) A
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ANBES A4E A5 A2} ol =EH BEBU FUL A
457 WMoz YAtk F, Rhim(14)0] A4 @ v} 2ol AnAY WL oo
1edste Ao 47AY

Mg 9N BBl wE BAL o

oA o188 F Yt Hedel LS AMsEE, MIEEE o] §¥ compression
molding M| A@AFNN A Pelel 719 Aol A5He FAF # Yo} ol: &
QS AgstE A BT RAE 13 o5tz 29 + o] @A A H3 Y= A
D8 EFAY AR AR 7l 4 Ye Aoz B

2 o
ANEETS ol 8sta] - 42y HE&Yos I7ANE FEsn
st F kA9 CaCl ALY (F, CaCl® BEL Yol AH Frbste Wys WEL

Az F BEE CaChi ol AR udFe FEsts S Hgste] L3
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A 62 WAL AL 27 A gA o] A& A3

AAEFE AT A9 7lsdol HHAEA ENAE AE, FHEE, A58 &
A T2z o&dy] AT A7 JPFHT vk FAT F2AM &3] Aol A, F
9 F7tle IHE EAE 2 wgt I A Aol Ha gt oY dHES
sdstr] s AR 0] dadol Ar] HAxn, EAZA AL G &8
H Rae AEHA 2EHT Atk Youst Shim(1999)52 AEHA, 74 fime=
Mo Asx gl 57 FREH 94 Fodd olFol dtkx B 33, Kim
¢} Cho(2000)2 A&x ¢712te] cholesterol®} Cdel A9 MEEHA7E F3AL, 3
glucose FEE AdIA7|=dH EHAolRvtr BadHtt = Chang $(1998) <474k
ZtrEEEC] ASAAEN Aol oAFe Fo FHFEQ Bacillus. sp.8 F4E JAF
o AFAde SUTTL Hustdct. AR G0Ne AxIV] HAsAME sEH £

o

A 8 BAS BAF ZAHL viscosity, light scattering(LS), gel per- meation
chromatography(GPC), ultracentrifuge, maldi '{ Eo] Al& &3 o). AT 1 F30
= a3 wRleg Ry H WA 3, B A Bluz FEgE A
g3 A7A ggsttt olgj g BAF &4 W dol B |
AN F J=g 2 AFdAME viscosity?t GPCE &7 FAHs FAAAE Uetgoes
o] EAF i MHAEE Folw volrt Z A £33 @ @34

€ Ad WAAS A2 WA (ionizing radiation) o] 2+ 3

al
T A= AL vA, XA, AAAM(electron ray)e] Ucth mEA Fsto A o] &FHE W
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AHde] dEHQA wg& F3ub-3(polymerization), ZWZE Z3(Kraft polymerization),
7+ 31 (bridgebuilding), depoly- merization®] R 1% o] X Z(Pyun® Nor, 1988), £3] ¢
9] Agoles A ®Co gamma ray)e] Mol Z7}ste] ubat %3} & (polymerization
degree)7t ATt A7 2E¥HE vl AtHYang™ Lee, 1977).

2 A7 e LEAY S-S YA FS gE st AERAR B O, BT
A8E WA F Wl e Bxe2e 2As3:, 154 = (intrinsic viscosity)& =45}

o 2A%FH Fx 9 A4 Mark-Houwink Equation constant® A+& 3} th.
As 2 9y

A5

2R3 ¢4 4 (alginic acid, sodium salt, Aldrich Chemical Co. Ltd)&
AHEIAL, T WE S8 54 AWM A3t 57EAG, 4, 5 6, 7% w/w)el
&G FRAE AxFHA Y

Zrvkd AL

LY AL ZAE 5%9 S48 FFIA4Y ao e AR ZARA (A
U Co60, 108 CE ol g3kl Aol A0F 44 HFo2 2-100 kGy) & F4
AFE d=F FJoH(Fig. 1), A ANsg:e FZAX(SFDSF 12, Sam- Won
Freezing Engineering Co., Korea)3t 30 mech ©}3t2 %43} A7 F Ao ALY
=3

rg
M

#Avld A o] 2R FAx %3

#Hebd 24 AE AF: 47149 ¥R7) EE Brookfield viscometer (RVDV-17,
Brookfield Eng Lab. Inc., U.S.A)9] spindle No. 73 Brookfield viscometer (LVDV-1",
Brookfield Eng Lab. Inc,, U.S.A)¢] spindle No. 48 ©]4-3to] A &-&-3(shear stress)9t A
@& S (shear rate)& £33}l ol 20£1°CelA shear rate® 0.3~50 rpmo & ZA s}t

W 23890,
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Alginate
4 l N
Irradiation — 60
(0-100 KGy) ©0 gamma ray
\_
¢ |
)
Freeze drying + +
l / [Apparent viscosity] [ GPC
\
Intrinsic viscosity

A 4

[ [n]=kM,» }

Fig. 1. Preparation of alginate solution using irradiation.
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30E3 27 WX F F v]H X (specific viscosity: Ne)S ZA3A T (Vega 5, 2001).
Alg &9 HFEE T g ol HJozrRy IHHFEES FAd(Park T,

Relative viscosity(ret) © Ne/Mo

Specific viscosity(lsp) : (MsMo)/Mo = Nee—1

: lim 2T
Intrinsic viscosity([n]) : ‘co 7,- C

where, Ns © viscosity of irradiated solution
N, : viscosity of H20

C : concentration

Gel Permeation Chromatography (GPC)

Gel permeation chromatography+ lkeda % (2000)9] #do] wa} Zupd ZALE AR
447 raw alginic acid 5% £49 EAFMW) 24& Y8 A&dUH. As8E
solvent(0.1 N NaNOs)ol| ¥ 03%=% 3t 045 pl syringe filterell filtration & FA}8}
A GPC9 detector, column, flow rate, injection volume< Z}+Zt RI750F, ultrahydrogel
500, 1 m¢/min, 100 w2 3tQ}.

Mark-Houwink equation
ZAubAd Ao ol alginic acidd) AEAE} AR Vega % (2001)9] polymere] #4At
F(Mw)# intrinsic viscosity([n)2+e] #AE Yebd Mark-Houwink 48 o] 833t}

[ll] = KMwa

47]4 [nl= intrinsic viscosity©li, k, a¥ solvent/polymer 2 w7} ¥4E M=

polymer?] HFEAFE VeldT)
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A% g9 A= 54
2§98 37% (ww)E AZsel, Aze =R 49 gokFig. 2). ol
A A A AR AESAL ANE §98 Adatr] A5 AT APo
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=]
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].

il
X
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A F EE ARG 2R AEE §A% + Y& 49E ARAAT Ao

T

N
>
s

].

|
-

9% 474 &9 FSE Brookfield viscometer RVDV-1"3 LVDV-1 el A
A 7bssty Bo g &7 foldly 52 AF F AT B 49 3
HET £ Qe 5%w/w)7t 7H H3sdch. Fig. 20148 Zo| alginate F&%&
32 2 (yield stress)& 2ZHe pseudoplastic FA42 Yeltod, o= Marco 5 (1996)9]
d7E e dAFE £ 7 AR

Hd
I

tlo

50000
—@— 3% (w/w)
—O— 4% (wiw)
—— 5% (W/iw)
g 40000 + —V— 6% (w/w)
5 il 7% (W/wW)
<
=
)
T 30000
7]
-]
o
=
P
o
= 20000
<
Y
=
[75]
10000

Shear rate(sec'l)

Fig. 2. The viscosity properties of alginate solution as affected by alginate

concentrations before Y-irradiation treatment.

Zud =4 39 2RI Jx= Ast

vk ZALFe] wE alginate §99 ZRY) FEE FAsA Fupd 2AE a¥l
At ol @ Jgg FAEAE AFRJHFig. 3). ZeHA ZAFo] FUHEe] e 2
B7] A=t AASA Zide RE B 5 don, Aukd 2AF] 100 kGyoldE
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= 50 kGyet A9 FUsHA vebd oz 50 kGyol oA &71ate] 237 Ae ol F
of TS ¢ & IR Fig. 494 BE utg go] FAHE 2 kGy RAMES A9 2

B7] =+ 12800 cP, 4 kGyol A& 6,670cP, 10 kGydlAl& 13,370 cPE 10 kGy7HA &

287 =7t 47

14000
12000
10000

3000

6000

Apparent viscosity(cP)

4000

2000

#Fadgon, olFd: dus FAFE B F AUt

I It

0 20 40 60 80 100

Totalamount of dosage(kGy)

Fig. 3. Changes in extent of degradation of alginic acid with dose of Y—irradiation.

. ——~ 6kGy
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—&— 0 kGy
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—9— 4 kGy

—8— 8 kGy
~0O— 10 kGy
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Log (specific viscosity/concentration)

?
L+

0.01 0.02 0.03 0.04
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Fig. 4. Changes in reduced viscosity of alginate solution Y-irradiated at
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different dose.
WAL Fe] & aFHAxe] A

A AL wE 4] 35AE(E AR EM) S HNHENGDE AX A
=T 7 AT A ZAFA @2 log ny/C g FATo2A AL wEl nH
HE7F Z4EE A5 & AT, 100 kGyel Aupdo]l ZAd &4 A28 A9stn
EE A8 log ny/C #el ¥ FTAH(R=0964~0999)% RFTHFig. 4). vk 24}
Fo N g9 RRAES BAF 24 AFMW)E Fig. 59 2o Fig. 594 2
AR 5ol Fupdol 2 kGy ZAYE W TRV 500/l AT, 10 kGy EAHY
& 9 200(/g)2 2, 10 kGy olSNAE FAS gastgon, 10 kGy ol49 Fupd
M= s Haste AL B F U Ak 2AFY Fbd BE {EEY 7
o AEE o83 AdF(Kang 5, 1999)9 &35 71$E o|£3% 4F B u(Humphreys
T, 1970)% 22 S el = o] 22 WA AT Fxee BAE
olgste] FAEY WA AR B3 A7 AT Ba(Torut Setsuko, 1996)7} L E

¢

700
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500

400

Intrinsic viscosity(g/g)

200

100

0 t + + ¥ Q

0 20 40 60 80 100

Totalamounts of dosage(kGy)

Fig. 5. Changes in intrinsic viscosity of alginate solution Y-irradiated at

different doses.
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(Fig. 6) A% 429t S AP o 445s Bed FFE 39

(polymerization), 7}3(bridgebuilding), ¥3l(degradation)5°] 2 tHPyun¥} Nho, 1988). &

rr

2139 A9, S =(polymerization degree)?} 7+A3dtthe= B 1(Yangd Lee, 1977)9 WA}
Aol zAE 9 sodium alginate’} £3) H3¥= #Ao] B i(Naotsugu 5, 200008 HF )
o ZubA AR 4704ke] Expge) WElE Fig. 7904 BE uwpel 2o

oy ®
o=
20
L 43
ES
t ™
« 5+
=
(5]
=
(-]
E ™
o’
o 4 L
° ™
.
®
R2=0.995

3 + —t

10 11 12 13 14
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Fig. 6. Universal calibration curve of the GPC chromatogram.
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Fig. 7. Changes in molecular weight of alginate solution Y-irradiated at

different doses.
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2 kGy FAb Ao &714ke) Bz 111,000 Da, 10 kGy A& 58000 Dal.g 10
kGy ©l8te] ZALFME Exlgo] F43] 4asta, 10 kGy o149 ZAMZFFEE XA 3
ZaFe RoFo] ZAutd Al wE @7te] aHHEe] Wl 2 AYE BRAF
ATk LzIAke] R o] gubdd zALEY] Fbe wet adte # A3 ZdE Torust
Setsuko(1996)9] WA S o] &3 o] ATAFAYG FAHEES BT

ru

A7k B EH ungd o] #AE Yeld Mark-Houwink equationo] 3 €+
W (Marco 5,1996), &30 wE #3) W (Gura %, 1998), 4t
Olav, 1970) Sol Huso] gt olge Ade W3 K<
, BFe 2pE(a)E 0.716~10 o2 BHmF yWe HAE 2JedH, o
T g0 AR o]l 3 IS ARAF e TS #Axd F W, 2= 5
et gold Art Uty ddd

ek AL F, S04k BEAFMW)H ZHH =D ¥she Fig. 99 AA3AA
detiglon, Bxr#e] Frbge g 143EE Fasted, 71EAS o83 Rong%
Min(1998)¢] A7 AT} ARG A¢S Byt & BEAFH {3 #A B oy
vt 2AES nRHEY B4 € kA 2AES 2A%Y #AV 49 2% §
d 94A4% AV EATE & £ AUTL, & factor(BAH, LHAE, I A
BAANE A28 5 YAHTable 1). Fig. 8, 994 B¥= ute} Zo] Zt factorgs He #
Ax des 2 FAHR=0.967~0998)& e AT

rir
A
(4
=2
RS
i
M

o g% 23 ¥
5.075x1072~2.0x107°

o)

Table 1. Equations for dose rate of Y-irradiation, intrinsic viscosity, molecular

weight of alginate.

Factor Equation
[n], Dose rate ] = 1.763 x10° Dose ™" (R*=0.9592)
M.W, Dose rate Mw = 4.064 x10° Dose °** (R*=0.9358)
[n], MW ] = 3417x10° Mw™>  (R®=0.9285)
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M, =4.064% 10°(dose)*™**
(R*=0.967)
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® Molecular weight [n ]1=1.761% 10°(dose) "’
O Intrinsic viscosity (R2 =0.979)
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Fig. 8. Changes in intrinsic viscosity and molecular weight due to the dose

rate of vV-irradiation.
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Fig. 9. Effects of molecular weight on the intrinsic viscosity of Y-irradiation

alginate.
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ATA w7150 g7 039 A ZA 3}

Degradation of alginate by organic acid hydrolysis

JF B (BEUSE JFFAD

EAAQ alging alginic acid, sodium salte]i, AAAre]l o3 (glycurocid acid){1H],
2AE AdelM F3A, T4

q
A, FAAE NERARL ol§Ho %3, S J15H HFoA FFE v 3

A S, Gae 2E AYAY BA oblE 5 JE GF ol d& F o), AT
Aol wA gasn NFoZ HAY W A4l 35Y & gt ¥ Yol B4
Aol

A7) polysaccharide® ¥alals WHozt: 33 2ol W, B& B3 Y 5ol
F2 olgggiot, go) AFASE 2

9ol Ytk 58 AL 1%9)
~90]3, 60T 4 Fhatd A
Ae #7140 BR9 5E, 297 2o L8 A4t TUAE ARAE BaAGLA
sheich.

tt

A7A4s 2 P9y

2

=

O

I NALS A 71AE (alginic acid, sodium salt, Aldrich Chemical Co. Ltd)& AM&-3t A1
3o Alg" K74 citric acid (Aldrich Chemical Co.), formic acid (Showa Co.,,
Japan), ascorbic acid (Dae Heung Pharm. Co., Korea)ol3lil, &2 E HCl (Duksan
Pure Chemical. Co. LTD., Korea)< Al-&3%t}.
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217 AX(apparent viscosity) =3

Citric acid®] pH & 2~72 st 7z pHEAHEE 5% & &48 BE F,
ZE7] AEE Brookfield viscometer (LVDV-II*, Brookfield Eng. Lab. Inc., US.A)E
ZAetH 3, o] o ALE-F spindle No. 40]¢th €58 A714le] BAE

g FA37]
34 pH 29 &4 84E& 25-90TY &% WeolA Lwkd F, incubatord] Al 25T
A Wzt BEY) AEE 259

=2 3]

#r714t FF(formic acid, ascorbic acid)& 2alstd 99 2 Wygoz Huy) I
193, E2To 24 HCIS AHe39Y.

€ % (turbidity) &A

A 1%(g/g) F+44E& NER s, pH 2~8 (citric acid solution)d] Hslst &%

22-85C (aqueous solution)®] ¥WH 9] EEEE spectrophotometer (Shimadzu, UV-1201,
Japan)E °l&3t] &4 33 500 nmolA &Rt

A 2 (color) &4

, colorimeter(Color Techno System.
Co., Jc-801, Japan)E o] &3l A%

FAFS L', a'(HA4E), b'(F
AE)2AM Yt A

pH, 2% 2 39 FTHo @2 449 Fx s}
pH ®3tet 2% Wiste] wE &ate] BHHEE Lolry] ¢ 243 2ry] Hx
© Fig. 1,733 Z %ok Citric acid9] pHel W& 474ke] ZR7] A= AE pH 794
78 pH 37hA19] Wsh= 13360~16,400 cPS WS HoFo] 4] HHE

AR
T Ao, pH 3013t FZAF Wyt dojdozy pH 29 A$ 5320 cPo] 2ZHY)
HEE BAFAHFig. 1). ol &4to] pH 30]5tol A B3j7l dojue
o, carboxyl 718 71X 2 gl BEAo] Eo] xo} o0

Aoz ARH
oM Faolol a1, 4 AHL FH

O IZpl =
%E =2 EOI-Y’—,

44 pH °|3
o] Bz} Algo] AU"HTE Park® Lee (1995)9)
AT AT FEHAJT. wEAd B QAFME pH 29 B2 2R &4k £
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Fig. 1. Changes in apparent viscosity with different pH at 10 rpm.
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Fig. 2. Changes in apparent viscosity with different temperature at 10 rpm.
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Fig. 3. Changes in apparent viscosity with different organic acid.

U74HE pH 29 #714F FF (citric acid, ascorbic acid, formic acid)ell @etA] &3l
3 A3 HCL (pH 2)9] di=T 3 vaste Fig. 12¢] detidth. 4% pHe ¥l
A HCl B9 ascorbic acid$} citric aicd®] ZR7] =7 o #&& RAFIH.
Formic acid®] 7 3yt § &74ato] AARE A4 RAFo £ 43 ZAFd e He
2 7 A

pHS 2Xxd @& E¥x wis)

Turbidity(E%E)E 2 #714e] pHet 2= Wste] & g4keld 44 wse 4
7] 984 AT €5 8¢ T 2o FL 10T%Z 44HAE W Fig,
4.7-19] pHS wW3d wg ZHy] Az wWlel {FAEHA EHEE pH 37AE
40-45T% %< FAGAAE, 2 o] FRE = F43] ZA3dtd 16T%7HA ol2e AL &
T7 AT (Fig. 4. 2= @& EFE T%#E 22-85T9 2% A 42-53%9]
F7hsE A%E RoAW, X dF FAY tubiditys]) Wse A e Ao
Ata "
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Fig. 5. Turbidity of 1%(g/g) alginate solution with different temperature.
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Fig. 4. Turbidity of 1%(g/g) alginate solution with different pH.
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3o WE G Axel WzE BREy] Y3 YAAE o83t L,
a’, b @& YetldtH(Table 1, 2). pHel W3l w& Mo Wi E B g Y
ElllE Lol A 3029~41.82¢) WS BojFo] pH7F ol w Holxlx, A% a
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g FAE boME 2o)E BAFX gt X wWale] mE d7Ae] A% W Eld)A
T 3886~42669] L WMIE HoFgiou pHol Hste AuiH oz ol ngd &
T ANLH, a3’ b" A FAS AHE RAFYL}

=

Table 1. Color of alginate solution in various pH conditions.

pH Lx ax b*
2 41.82 -3.37 8.24
3 33.47 -4.03 7.40
4 31.28 -3.67 7.51
5 31.55 -3.76 7.98
control 30.29 -3.96 8.15

Table 2. Color of alginate solution in various temperature conditions.

Temp.(C) Lx ax b*
25 42.66 -4.46 6.20
40 40.62 -4.20 6.42
50 41.42 -3.77 6.83
60 40.61 -3.93 6.97
70 37.22 -4.41 5.22
80 37.43 -413 5.66
90 38.86 -3.78 6.72

w714 A7to] e A% B G
71ES] Aol o7 &) AR A GHd SEFAT P AE GRS B g
71 918 f71dkell og ke BAE WEE AW B ETH(Table 3). $4 citric acid®
°]8% pH ¥ €79 ¥ WsE 2 pH 3 o|3tolA X3 gate] 2xgn
=2 T 243 Ugtn, pH 4918% 64,636 DazA Zvbd 2AHE 8 - 10 kGy 9
AEA &3 Qe Aoz Uyt Citric acid® AHE3 pH 2 2AsA 259 AR
A AFE 40TAA TR P& A 205797 Da, 60T A 164,196 Da, 90ClA] 30,491
Dadl £2t% 237t dgo2A, 4 & oj4oz 7Y P& Asd A2 a3 9
v & F AT 2L 2N B Frbe gubdd gumFe 549 93 =
ZtEE F W A, BA7 S gelst Hol ExFo] Frkste Aoz wud
THAlan, 1997). 714t % F(ascorbic acid, formic acid)® @& L71ike] Exlak W3
& YK, ascorbic acid7} 98784 Dalo g A EA &H7} /1% FHow, ol= wAAl
At 6-4 kGyel AHE Hole ROE Yshgth YzFoz AHEE HCIL AR &3

i

2
X
b

B
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7V Azstgoen, g pH 8 &3¢ o] citric acide EA#o] AAE ZF7F Usid.

Formic acide Ty 33 F ¢714te] AAEHE AL R BEAFE SAHE & Ao

F71A H7be] WE & B, 38ty EA #F dT7e A AHEFY Ak
<+

S e Be¥ & JE Aoz Amdr.

eh

Table 3. Effects of molecular weight of alginate according to different pH,

temperature and organic acid.

pH Temperature Organic acid

o . o ascorbic citric
pH2 pH3 pHA4 40C 60C 90T HCl aicd acid

Molecular

weight 193,658 139,620 64,636 205,797 164,196 30,491 138,212 98,784 183,558
(Dalton)

B
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A8 A WAA zAp] o) Buad AN A¥A

A 714HS a-L-guluronic acid®t B-D-mannuronic acid’} 1-4 2o 2 FA4" EZEZ
A, "oy taul 5o #AZFol = Ak Mori %, 1981; Nishimune T, 1991).

olgldt &4ZAe ER OFHE A, AFeA Y Bd wE 729 I wet
, TR %Y, 24345, JAA%Y, &858 2 95 B4
T8 T FHAT EAE /A AE, FFE AA 2 9%F T oA Eobd A49A
S&ol AEFHY gHKennedy 5, 1984; McNeely$} Pettitt, 1973). =3 FHZol& 431
e dasd 5AL BFAAA Yo] HAREA Wy X4, vk oA, L 2 AA
= 234 # tH(Park &, 1994).

A ol AMEEHE nEze FItHozE st 384 28 293 &
AEY Fo] Ivh. Kim#& Cho (200002 71dr7tsEae Wioez ARzt &4t
Ae, BaEAF 2 Ex3ze] WstE Aungied, 7Hdd 93 J=o HIFEAF
Abolel]l AHF AAAAE YE UL, keda 5 (2000)2 phosphoric acidE ©] &3t &
e A Al WE F&3 BAFE Ul 2&4e AxsAn a3y o] EE W

o_u

r.l
d

o

ATFEEo olFofAzm Q. BE5 Aupde AFAHE YA AHEH=dH, Kang 5
ZA7F dAAol Fn AEARN HAEE e & o3 IR

o AANAE A8k-39  depolymerization® ek ZALe] Whyo] Humphreys$

Howells (1971)e] Ql&)x AF H/ME 24 ALLo] 7Ms3dittn RaEHAY.

Zobde Bx FRAE ol FE Aol AF Sdze A AFE #olFe 9

S, 99 BEAI o] ZAge vz A& AR dHA Slof, AN &

PR gl HALAS FAlSHE WHoz olFolA gth(Molins, 2001; Naotsugu

mlo

g
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§., 2000). 289 & Aeel ] grAe A B Pde B &
oe el AT, Fupd =Ab A9 ¥7) 240 wE FAAsst dold + e
edE A3 gk,
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As
T AZAA A E0Ae AYE (Alginic acid, sodium salt, Aldrich Chemical

Co)& AH&3IATE

ok =4

AR 2AbE @342 AT a0 Qe Ak AR Y Co-60, 108 Ce ©]
Eot] A2oX AT 4 AFEZ 2-100 kGyd & FFALFL JEE g, &
F FeY] AFEE FHWZE (SFDSF 12, Sam-Won Freezing Engineering Co., Korea) &
% 30 mesh o]3t2 Eu3lale ALgst )

IFAE 54
25CTE FAT 279 capillary EA (Cannon Instrument Co. No. 300, US.A)E
At WA 2AME AR AR HAE (specific viscosity: Np)E ZA3t] T/

58 Tt (Vega %, 2001; Park¥} Lee, 1995).

+AF £4

Autd ZALE AR €A A% Gel Permeation ChromatographyE £3) 22}
MW)E FA3Ae. AEE 01 N NaNO3o] gulol] =] 03%= a3 045 uf syringe
filterol filtration ¥ FALSIA . GPCe] detector, flow rafe, injection volumn< Z+7Z}
RI750F, 1 mé/min, 100 4 &%t} Columne ultrahydrogel linear(6-13 (m, 7.8%x300 mm,
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Waters, US.A)E ultrahydrogel guard columng |23t A&t £4% & F
A& PEG(Polyethylene glycol, Showa Chemicals. INC. Japan)& #x% ZFEFo=Z 3}

o YeErii.

Mark-Houwink Equation
ZutAd ZAbo] 2% LAY A EAI AEE polymerd #AE (M) intrinsic

viscosity ([n)<}9} #AE veEld Mark-Houwink 4 ©]&3t9HVega 5, 2001).
[Il] = I{Mw‘z

9714 [nl+= intrinsic viscosity©] i, k, a¥ intrinsic viscosity$} EAteke] A A AR

e g5gelt.

ZAut A g we 3

Ao ZAHF e 9udd HHEMDE ANIEMDS HPEN)E AR 4

= ANATh FobA T BE log 1/C #FE FAFORA ZALZ wE LHPE

7 B2EE ST S UYWL, 100 kGyd FvHde] 2ALE FNW AEE AT §
g

AN gekde A AEsh 2% AN Aude 2AR AR EF log n

o
o
t
o
rE
h:]

A

/C #ol & AFY(R*=0964~0999)¢ B HFigl). Zutd A Fo 40 A=
o LEFE W ZAE Fig 29 2o £ FHelA PupHe ZAY A4 A RE
HPol 2 kGy ZAFRE W THUE 500wl 10 kGy ZAEHIL o
200(g/g) 2.2, 10 kGy °ldtill e F33) Zasoen, 10 kGy °]49 AvtA o=
gurs gasts AL B 4+ AT, old) wal B oA Pubae ZAR ARE
£ gHd NERg R4AEY ¥ 24 2R 22U § AR 2R n§AE
WEE 10 kGy olate] AMFoIN FAS ZA3E, 10 kGy ol4e] ATl E 1 @
7} 99d AP v 2T w9 Apd 2
A7 eS¢ & 4T Fig 3] AAHAA Yed 5 9
A7 B3 gee] golN BE gubd ZARD 14PEE I AN JAse @

AN, 2 FAE W ABYR*=0956~0979)0] gttt Fupd FALFe] Frbe] wWE
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TFHES #Fae HES o8 Kang 519999 dTZ74e 22 3% Yelislz,

T o] & WA ARG Axde BAE o 8T FAES WAL HAC AP

Log(specific viscosity/concent

1 t +

0.005 0.010 0.015 0.020

Concentration(g/g)

Fig. 1. Changes in reduced viscosity of alginate powder Y-irradiation at

different doses.
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Fig. 2. Changes in intrinsic viscosity of alginate solution and solid form

treated with ¥-irradiation at different doses.
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Log(total amount of dosage)

Fig. 3. Linearized plot between intrinsic viscosity and Y-irradiation dose rate.
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< 538 AEstgnh Zupd A ©E gike) x| ¥ste Fig. 4914 R vt
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ol 348 7AdT, 10 kGy o149 ZAFREE AN B2 BelFYT, BT A
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ZA} AdlE §9951 ZolE Bolx] %A 10 kGy o143 TAFAAE &9 FH <
NERt Bxe 7art 288E A4S B 4 Itk Fig 55 #whd 2A e Be 24
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He

24912 Naotsugu 5200008 A72A7st ol 9 eje] Fol Fopdo] 24 2 W 2
Ve A gl geje) SuAz Agel Rast A dojgoin wudnh gt
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Fig. 4. Effects of Y-ray dose rate on the molecular weight of alginate.
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Fig. 5. Linearized plot between molecular weight and Y-irradiation dose rate.
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Min(1998)8] A4 §A48 2%E Bk GNAL §9 FuolA Pubag 24}
3 A3 ] = 023x10° Mw'® (R%=0990) %z, B3 Ao Zupde zAe dss
[n] = 6.86x10° Mw'® (R?=0.925)4 t}.
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Log(intrinsic viscosity)

® alginate solid(R?=0.925)
© alginate solution(R*=0.994)
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Fig. 6. Effects of the molecular weight on the intrinsic viscosity of ¥

—irradiated alginate» solution and solid form.
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nAREs 7led 1A, 4, A BAE 5A WA AT 52 BE
& F UEE IFSE 7EEA AE, AY AR AH A 18HI A FEs A
Zae HES WE 53 Edd o k& A, B
bed, emulsion method %(Gibbs %, 1999; Henrist &, 1999; Murillo &, 2002;
Heinzelmann® Franke, 1999; Hildebrand, 2000)°] it} A& UWHERADG AEEFEE
TAHL Bge Ed FRo we A JFE ven JEEZLS WRELY UES
A A5t WEgA o] Folol ] R FAHo2RE UYREHSE HIoF I mEhA
WEEAd wet AMgEe JEEFAY AdEo] gAY
maltodextrin, starch, &34 §o] F2 AlEHI Qivh 53 &0 ZgEolee A7t
3t doll AT gel& AT FgolLo] YR FH Fstdr. o] g o3|

¥

N

I‘.PL

A gum arabic, dextrin,

WEEAS I3 Az e uXW HFE PBedd 5 UK Gibbs 5, 1999;
Alan, 1997).

G71ake] BEol e WA Fol AAT gele FAFT BgrolLol YR FAH
ol AsAY, o g0 o3 WREAL TP AT e AW JFL B
4 A% g4 2 ATddE @, €E 5 AAc4Y A 9L HNE Az B
Ae Axsiar] 94, 43U olgdel AANE, VY, F3A, AHAY) FEE @
A8 Yee AzSGT EA Pubdel ola) ARA

faut}
e,
™,
>
Lo
Ay
e
i
i)
fu
2
lo
0
olo

Az 2 WUy

A=

Nest AP ALY o E24z G704 (Alginic acid, sodium salt, Hyundae
Chemical Co. LTD., Korea)& A1&3%x U¥ EF=E AAo# (DHA 303%, EPA
7.1%, Maruha Co. LTD. Japan), #+3lAl& span-80 (Duksan Chemical Co. LTD.,,
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Korea)& A&t th 1 8ol AJ%Fo & copper(Il) acetate (Junsei Chemical Co. LTD.,
Japan), oleic acid (Showa Chemical Co., Japan), n-hexane, ethanol (Daejung Chemical

Co. LTD,, Korea)& A}&3t4t}.

Aed Ax

AzAR Fo AAfd &FE & F AE A28 & AL 27 98 73
(Jiang &, 2001)& ol &3t HFA {7t gfd LU P&& AzFAT. ¢ &4
I A, FI3AE 47 F=E 23 €92 homogenizer2 38 F< 10500 rpm
olA mutste] fatAg Azsgch o] fIde W2 1,200 prmE FAA T
CaCl; €9 10 g& 14 mL/min®] X2 FHrlstn, ALoA 4x7 S muksbas 7
FAZT. o] &9& AR (10,000xG, 30min)dte] FE A3 JAEL EIstn IAE
= ol®& 20mLE Z4z} 2314 M Hstn, ARz PF5(-20T) B@AsAS v A
€9 Ax TAHL Fig. 19 okt vdeuiien, 2 Az 21L& Table 13 2ok

i

<l

Fig. 1. Emulsion method for the preparation of alginate microspheres.
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Table 1. Process conditions of fish oil microspheres prepared by emulsion

method.
Concentration of Concentration of Concentration of Concentration of
Sample No. CaClz wall material core material Span 80
(%,w/wW) (%, w/w) (%, w/w) (%, w/w)
1 0.25 1.25 1.00 1.00
2 050 1.25 1.00 1.00
3 0.75 1.25 1.00 1.00
4 1.00 1.25 1.00 1.00
5 1.00 0.75 1.00 1.00
6 1.00 1.00 1.00 1.00
7 1.00 1.25 1.00 1.00
8 1.00 1.50 1.00 1.00
9 1.00 1.25 0.25 1.00
10 1.00 1.25 0.50 1.00
11 1.00 1.25 0.75 1.00
12 1.00 1.25 1.00 1.00
13 1.00 1.25 1.00 0.75
14 1.00 1.25 1.00 1.00
15 1.00 1.25 1.00 1.25
16 1.00 1.25 1.00 1.50
el & 54

&

& 74 ¥ Chang® Ha(2000)9] & ¥wyste FAAS. oA #H&e +&
S &A357] Hdstd ARl oleic acidE 20%(w/w) FE2 Z7bste] ol ¥ 4
2 A% fAe IAHE FTEANY F, dAEHE §F 4F 9 n-hexaned 7St

ol
1022 Jgsta 1N ¢ BAAA HFesto Fostx gL AEa

0,

tlo
£
N
o
o
ﬂ*{z“

A, FENBA  3%(w/v) copper(ll) acetate £H4E  HUtsld  TAAD F
UV-spectrophotometer(220S, Hitachi Co., Japan)® 665nmolA &3 & At &
S AEAT WA WE T FT A& FAsA R =EHe AWAE AF

71 93t BEEIAHE g 2o AT AAARY oleic acidE 82(w/w)E 7
T fAL w5 (0.1-04 %, ww)E A 239 n-hexaned AA Ry 1/2& H/I §
IAZE B AAANA AR $A3) FE313, 3% copper(Il) acetate §H22 HAA
A 665 nmol A FFEE A3 TEIHNE A eH, & 54 PEL Fig. 29

T
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Preparation the supernatant of
encapsule solution

!

Addition of n-hexane

!

Taking 5 mL extract of n-hexane

}

Addition of 3 mL 3% cupric acetate solution

}

Standing 1 hr after vigorous mixing

!

Measuring absorbance at 665 nm

Fig. 2. Schematic diagram for the analysis of encapsulation yeid by 3%
copper(Il) acetate colorization.

Chang® Ha(2000)2 vHg-EHEAHE T H&d Q7oA WEEZES 9B 54 4,
=AY 2, A Tx 5 A& Ax AL JAH3I dAQ:, o FAHA
copper(Il) acetate® ©]&3F AAloF9 HAQUY AF W7 gas chromatographyoll
A% APAL &4 A vag i e ARBAR=09977 Y& R

.

N=

A

Lo

B\

<!

K

F&
s Ao F2 gas chromatography(Laakso %, 2002)$} high
performance liquid chromatography(Kotecka %, 2003) o] Al&¥ct & gl x4
b Aol Ab8E e Chang® Ha(2000)9] W€ 4% Aoz AR 43
H&2 49 = oleic acidE spectrophotometerE o] &3t 7t AR o2 A Z3gth
=R Az USEERA &9 3%(w/v) copper(Il) acetate 4L Hrlsle] 2

x
A2l %, spectrophotometerE ©]-&3%F 200-900 nm ¥$ 9 scanning (Fig. 3)& £ Wi
s

ol
o
pl=)

-

ol

& 245t EEDA (Fig. )¢ Jehigioh
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400 700 ann 900
Wave length{nm)

Fig. 3. Scanning curve for the determination maximum absorption wavelength

of core material.

1.0

0.8 +

0.6 +

04 4+

Absorbance at 665nm

0.2 T

0.0 @ t t +
0.0 0.1 0.2 0.3 0.4

Concentration of fish 0il(%)

Fig. 4. Standard curve for the calculation of the yield of micro- encapsulation

by 3% copper(Il) acetate colorization.

CaCl; ¥ W& F+&9 W3}

CaCle R&3 FHgolA dojus LAY geldt Weol AspAz 2Heant. &Y
BEE §9 Yol CaCk® E¥st/ Hd 404 22 e 7t2547]944 Na' o] 2]
gold e Ca ool 9 slzBdsle A¥E el <0 BA F2E Y
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TEE BE F, Azte] BHde wet 44 BARE FAH0] dHE gl TERE

of

CaCl 5% e F&o £& ¥HE A4Hns] 93 ¢J4H% HFE2 I8 73
Ao FEE ZAZ  1.25%, 1.00%, 100%(w/w)E A} CaChd F=
0.25-1.00%(w/w)2] HANA A& AZSAL CaCl T & F&9 & W3
Fig. 5% Zth 025%9 FZol4 '90%9 &g Yetdon 050-1.00%% s
94%9] dAT FE& AT Ana 5(1999)2 CaClhe =0 WE ¢4t geld] FA
calcium ©]&9] o] BolAFE geld FAE F7HstH
B AARE 71E0F gelo) FA/F dARNAGT Bustgon, 1 dgozE 9%
422 2 Uld] AR 5 Y& calcium o] & AV glow 41T AFEA
& calcium ©]2& © o) @AY geldt whgo] #|ASA Ry WELR FU)
. B Ao A& £& WIrt CaCky BE7F 050%0A4 dA-E ze 84
050% ©149 CaCl; 55 H&9 Aste 404t gelst wbgol © ol &

37 2ol WFEBAL BYFE F2lE T B oz ARE

2t
o
2
$L
i
nd -i
tlo
oft
ok
£
_>:, L
S orfeo o oM e

ol oL
¥ O ot e

1,
flo

.ﬁ hen ad
2
tio
-4
2

92 +

88 <+

Yield of encapsulation(% )

84 +

80

0.2% 0.50 0.75 1.00

Concentration of calcium chloride(% , w/w)

Fig. 5. Effects of microencapsulation yield on the concentration of calcium

chloride.

AN X G E &9 W
CaCly, W23 131 #3349 FEE BF 100%(w/wE 1A} 44 F5
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€ 0.75-150%(w/w)Z HeA Q&s Axsd 40 Fxol BE Qe & A3
€ 5733 Fig. 6914 RE bt o] 419 FE7 0.75-1.25%(w/w)el 99
Me e F&0] 93-UBE AL 1.50%(w/w)e] FEAA ti Fide AH}E
BRI, Aed 8 988 e 404 gel A4 EAYY carboxyl”lel calcium
o] o] Adstd FAo] HEd, calcium o2 ¥Rk FdF 22 4214 Wl binding
site7b oA A HY calcium o]0l &3l FA3A e & B AEse
A7 EAH FEE olFL AT G geld A=V AHFHoE gstH F&d
FEFE U Aoz A wEA 1.25%(w/w)el €204 FEE 1.00%(w/w)e] CaCl
¢} A3 AT ¢ AE A FEolH, 1.25%(w/w) o144 4 sRANE Ae
F&°] FAEY B9t Ana $(1999)2 €249 FxIt FHETE gel FA 7
&€ calcium o3 At &4 £49 Fol Bol gelstel FAFA e &4
B % calcium ©}&0] Adsle A7 Asdln Rusgduh. Lim® Jwa(1999)E EX|
o RS AT ¢VAY HA Aes AEE T VALY FE0.2-1.0%w/ w7t F
Vg 4R 2717 Ak A e ek f3dAge] dxayen £& FA
=03 FA8A B Youdt Lim(2002)2 4xi4kg o] &3 d2HE 3}ES FAedt
% T3l 49 FxIF F7MEel Wt geldt® matrix®] FSTE7F ALDSA W
Z 3 32 A (emulsion stability index)®} 3% (emulsion
%!

FS YeEddga Basad.

1o

activity index)°e] F7}3t=

96

92

Yield of encapsulation(%)

84 1

8¢ t t 1 y
0.75 1.00 1.25 1.50

Concentration of sodium alginate(% , w/w)

Fig. 6. Effects of microencapsulation yield on the concentration of sodium

alginate.
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WHEE Fxd g& &9 W3

WH=d 37t be £8& W3 E BFs7] 98 CaCly, ¥ 281 FIAAE &
7k 1.00%, 1.25%, 1.00%(w/w)el F=2 HA7tstm, WREEL HAANRY oleic acidE
82(w/w)el Bl&2 4o 0.25-1.00%(w/w)9] F& "M RA&g Az &2
o F=7F 026%(w/w)d A HAE € 4 80%E UEHRD 0.75%(w/w)dlHE
9%, 1.00%(w/w)dlX e 93%2 FAol HJUY. WE-EZY Fx7 F/HEFE He
Tl F7tstE BFE HAoH, 0.75%(w/w) ©149 FEoA F£&o] d4FHAS BF
& & ARAFFig. 7. ol& HE ol 8% PE AR TAHNA &AHE UE 249
FE B ARG B WREEA o] FHSA wE W& F&o] FU AT
I #GEth Han $(2003)2 DHA® Ashx & 918 424 gel £H9 §4bst a3t
W d7E FHAH WEEZQ DHA H7bgol 71842 904 Ao EAHE

efficiency’t 718ttt B33t B 2AF Aol FAF 4¢SS R

o

0

926

92 T

88 +

84

Yield of encapsulation(%)

80 +

76 t } $ +
0.25 0.50 0.75 1.00

Concentration of core material(% , w/w)

Fig. 7. Effects of microencapsulation yield on the concentration of core

material.

FA FEA BE $20) Vg
FIEE o8 AANS vlA A& FH F 271 VANA A AHE T 3
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AA 13, Jiang §(200D)2 €4S o83 BSAY Bdol ad AF& Tl g4ty

TEF FMETE A& T80l wolAE AL I FEY It AEE S

3
A
kol
o
L
o|\
S
31_,
rir
PO
jo
fetl
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aY)
o
¢4
+
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L
e
iT2es
i)
=2
X
rir
et
H
N
Lo
rlo
)
Mo
D)

dE NEELE ALET ey 8L aER UL o] &3 P& &) vl

HA RE A7 dEEen, o] 2#E wgoR H&s FAHA Qo nEA 404

96

92 T

Yield of encapsulation(% )

84 1

80 -

[} 2 4 6 ] 10 50 100

Totalamount of dosage(kGy)

Fig. 9. Yield of microencapsulation prepared by the low-molecular alginate Y

—-irradiated.
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oM &4 st HF 4GS Aste] da) AgHY g 239 98E ¢F, 59,
A4, AT Solu Adol vtz Eaa $Avgs Qe 232 FAAN HIY
FEE Adste goh H2oe AT gd 1YY, 949 Fol #9453 3
ohH gdd FuE 7HEE VALGH AAG, HEgel A% F5HT
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°l Na* & A9 osmolarityst B3e] 23 A, AAFE,
8F 48e 3 Na'dt 2¥8¢date) 84 5¢ 2 sl
Feha QITh(1). 53] #HAL AR oz AS HA HH e o] A
AT (23). &g A AdTEE
frol e H43 st REANINW, FE9 FAREL6) T AT BE

-

a
“w

-

o
HE

=

i)

o} T
2 9 ggir

) 43

b
K
S
rld

o P Ho
gl

Lo
L
oft
2
Lo

s
2
o
oo
o

2
o,
o B b

i
4
%
o7
v}
g
O
>
o
(o3
n:?.:
A
o
"
3
9.-4
S
2
B>

al
Lo

i)
£ o
B
it
o b
2,
B
2 d
I
i
o,
2
e
e
2
H
rr
J
_o_‘(c
A
k=)
o
4
fit
k>
il
O
o
2
=y
BN
LS
ol
2
o

(Do) B wust 2F FFY F18 2412133 48720 G FEHQ
43 28 AzsA FHN U2 BE A3A UF

o2 AFEY AR AdE 93 £34 Az w JT5). AE2FY AE
#AE 2ER THE 5 AF M) Bol Tl geow,

3 ZEL 239 FYYAT 490] HAe AF ATABAN 2304 QAT & A

-4

o,

e

o
i
£
%

e

e

= 300 -



Ags 2 Uy

A=

H2AE AR ALL3 HEFZ v)Y(sea mustard ; Undaria pinnatifida), THA17F
(sea tangle ; Laminaria japonica), Z(laver ; Porphyra yezoensis), *(seaweed
fusiforme ; Hizikia fusiforme), ¥}@(green laver ; Enteromorpha compressa)®l 3129,
ol2L 20018 A BXo} gx AEAFAM FUsA FEI ARAD F 40
mesh2 233t AL&3 Atk 2342 AHES woEe A AT 24 FAA

Mg g 14 $5% 19 Be o wRES AHSIAU

AEEL 10 g& FLHA Atz TF9 uE ¥FA(19 Be)e 7tz 105Cel
2o AAT F 550TA 2022 S3AHAY 35EL 50 mLe
hatman No. 41(ashless) 9 #X2 AR&dt. IFse E8&44
F4E At 2~33] AFs AH(A S 105TAAN T2 A=

L #2F 10 g9 whHE 10 mLe] EFEAAM Lo

At 23 FE 3WF oY AAste EGoE FAFUG.

2
}—d
[\V]
>
N
N
N
o
£
4

®
wy
olN b
g

o
2
o
R
£
B>
ol
lo
4
o

z2F9 pHe ORP(AISIFAANE 1% 4258902 XA § pH-meter(Orion
920A, U (17), & B834E8L AOAC

Az AFe ME AT A (Chromameter CR-200, Minolta, Japan)E o] &3 &3 3}
A1, 279 FUTERE 232 A2 F ion-sputter® ©] &3 Au-PbE A1

At 20 kV A SEM( Scanning Electron Microscope; Hitachi S-3500N, Japan)
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T8 &%

dxf FU1€ FFS AE 02 gol HNOs 2 mLet FFF 8 mLE 713t
microwave digestor(Questron Co. QMAX 4000, US.A)Z 140~180TCo|A #aig ¥ 20
mLE AEFAon, HxLFS 01% 89 AF BANERZ ALY 718 &F
< ICP(Inductively Coupled Plasma Atomic Emission Spectrometer; Varian Liberty 100,
USA)E o]&39 ZA3AY. ICP ¥XzxAL plasma: 150 L/min, Auxiliary: 15
L/min, Pump speed: 25.0 rpm, Carrier gas flow: 75 psi, Nebulizer: 150 kPa, Integration
time: 3 secZ 3t}

a_‘,} 1] :17_‘

2
PN
B

ol
2
BN
2
Il
o
o
2

27 d¥3ELE Table 154 Zo] FEFFY Xol= glo

7 T EE X7t At ZAWE v Yol 333%E Bou & 0.73%=
%3, WAL A% gt 47 37.24%9 3143% 2 Ekow v o] 1037%= A

o Z2HFE 23 AEg Aoy sl vt @A BRI, AELF A=
Al F713 A F2% 29le] He JETFL ol 981%E HYL ulFe] 22.78%
2 A g%ed AL Addtne IARFFS g2 JR vdtd AxF 2 Aolst
A T Kang(19) 5 Aol vgolyt ggnd zaud FaFo] FHA2T 3
T2 Fdi7h 2441%2 oy w99 1131, 1230% 2ot Bthn Bise thi X
7 9k,

Table 1. Proximate composition of seaweeds

(Unit: %)
Moisture Crude fat Crude protein Ash Crude fiber
Laver 6.89 1.52 37.24 9.81 1.02
Sea tangle 12.27 1.32 15.18 16.09 13.56
Sea mustard 9.86 333 10.37 22.78 397
Seaweed fusiforme 11.21 0.73 12.19 19.72 21.89
Green laver 9.36 1.89 3143 21.49 1.14
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olE HERF FUIHEEL ICPE M3 A3 Table 28 Zol Aoz KIt 7H
wekow g2 Na, Ca, Mg #°lA X, AlF Zne 2% FFHA AT TIFHFLE
Cu¢t Ni, Cr, Pb, CdE & &#3tz A2 Nak K& v &F3sta glof ICP £
Aol ojggol AT B HEF FHEE /AL FFe o7t Aste sst o
Nul, ®olA K¥Fol ¥k, Nax Kobe tlzx oz ndda AA3] ggth Ca &
Fe 23 v, gAE Doly Feel vlatd 2t

Table 2. Mineral composition of seaweeds

(Unit: 1,000 ppm)

Ca Mg Na K Al MnFe Zn Cu Ni Cr Pb Cd

Laver 3242 3097 5115 18565 0260 -V - 0044 0019 - 0001 0.003 0.001
Sea tangle 6.931 5098 6.672 34545 0106 - - 0080 0002 0006 - 0001 -
Sea mustard 7459 6551 39.850 2705 0202 - - 0033 0006 0002 0.001 0.001 0.001
Seaweed fusiforme 9.376 4.790 8383 32545 058 - - 0014 0003 0.001 0.001 0.001 0.001

Green laver 2.8350 5940 10310 36570 1879 - - 0.029 0012 0003 0.007 0.003 0.001

Y Not determined

a3 42
19 Be?) vl5tE 55AS o §3tel AR AT L FHLS Table 33 2ol

Table 3. Physicochemical characteristic of salts

Yield(g) Insoluble Color i ORP NaCl

solid(g) ~— L a b P (mV) (%)

Dried salt 2817 - 9240 0.13 443 8.87 158.5 84.6
Ashed salt 1605 0339 9427 -022 193 771 1478 89.6

550CAA 33N A F&L Az & 230 vty dA3 e & £8&
ARl AAEHE Al £2F9 &5 896%E ZF7FAT AxTG 27 &9 pHE
Azw @ 23 pH 887HTH HBAZ 23FE pH 7712 FA 7MIE3 ORPE
1585 mVolA 1478 mVE #4334t 259 AL 33Az 45 33 Fd & E83)
Aol AAHNY W&ol L-gto] F7hstx b-gol #Aaste ¥ A 7y Aok
2% 279 F/AHEL Table 49 2o 3sAZ AS Az & &g ¥l

rir

2
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Na¢} K, Ca® F7ltdoud Mg d&e 24std 3gA7 A$ Mgs Q87 43} 3
TEAY 8 B84 2 oz A% Ao] ofdrt AHAY EF A2 2F o]
% A vstY Znd Cu, Nis 23 Z4AstE EA0QEd ot AsAd 4% &
T FI7E dEIt B EEHAHELE v AAHYY] HEQU Aoz BUHY

£

Table 4. Mineral contents of salts
(Unit : 1,000 ppm)

Ca Mg Na K Al Mn Fe Zn Cu Ni Cr Pb Cd
Dried salt 161 5792 17820 1571 - 0.002 0.007 0.012 0015 0.051 0.008 0.019 0.002
Ashed salt 2.77 1697 21950 2878 - 0.001 0.007 0006 0005 0.025 0.011 0018 -

dzade ¥ 54
EFo v E 9L Hiletd Az IHAA AR sHziATo gu EXHL

Table 58 Zt}.
Table 5. Physicochemical characteristic of various seaweed salts

Yield(g) Insoluble Color u ORP NaCl

solidig) ~ L a b P (mV) (%)

Laver 2.23 0.75 9587 -0.02 1.79 7.63 163.6 92.0
Sea tangle 2.67 0.95 95.72 -0.11 1.82 8.73 1115 91.1
Sea mustard 3.10 1.04 9562 -003 202 8.79 1879 94.6
Seaweed fusiforme 252 1.12 9502 -005 212 7.78 116.3 92.2
Green laver 2.47 1.53 9627 -0.15 198 754 1794 90.3

279 F&& 1go] 310 g2 713 %1 ggoz tdautelgen o] 2.23
g2 7HE ¥ &7 5 WgdhTo) M6%E won FPiFo| 903%E 7t
FRkoy B EEARE HejaFel BT A oAtk FL AU AxiaFe
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Table 6. Mineral composition of various seaweed salts

(Unit: 1000 ppm)

Ca Mg Na K Al Mn Fe Zn Cu M Ct Pb Cd
Laver 819 137 26820 11560 0.006 - 0.004 0.013 - 0019 0004 0016 0.001
Sea tangle 1239 042 21840 17340 0.011 0.002 0.0i4 0.064 0009 0.014 0.005 0.027 -

Sea mustard 759 062 23590 2591 0.003 0.001 0.001 0.019 0.014 0.006 0.001 0.015 -
Seaweed

. 982 056 20760 170.00 0010 0.017 0002 0052 0015 0.001 0.003 0.017 -
fusiforme

Green laver 621 535 21690 15890 0.001 0001 0.003 0.022 0013 0.010 0.006 0026 0.001

Azad AzA $80 w1 UE SZFol st HF A PAEl ol WAHE
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Table 7. Effect of salt concentration on physicochemical characteristics of sea

mustard salts

e
0% 1.55. 0.65 10.68 -445 7147
4% 1.80 0.70 10.24 -44.2 81.73
10% 2.05 0.90 9.48 -15 91.26
15% 245 0.85 8.67 159.1 9243
20% 2.85 - 0.80 7.39 184.7 95.94

8 -445 mVIA 20% 2FES AHET B4E 1847 mVE Z718 9.

F714%& Table 8% o] 2389 ¥%7t Z748tH Na §Fe 2287 #asty
Cast Mge BASA F78AL, K& 2389 557 10%74A 742 de Z7hshd
2 olde sEAMNE 2 Aot g FFE FFS AHEN ko Pbst Zn,

Cu 7} "% A&HNE ¥ Cd Cr, Ni, Mn 5 £ 2453

o

Table 8. Effect of salt concentration on mineral composition of sea mustard

salts
(Unit: 1000 ppm)

Ca Mg Na K Al Mn Fe Zn - Cu Ni Cr Pb Cd

0% 0390 0.007 2448 1485 - - - 0.013 0.016 - 0.003 0.028 0.001
4% 0600 0.011 2433 1571 - - 0.001 0003 0.009 - 0002 0024 0.001
1096 2035 0023 2431 1955 - - - 0.026 - - 0003 0014 0.001
15% 6248 0583 2418 1873 - - - 0.020  0.007 - - 0.009 0.001
20% 9627 0725 2406 1969 0004 - - 0025 0.014 - - 0.025 -

9 99 2 ZUTZE FAY AGAUAGEMS ol §ste] 180002 #AE 2
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Fig. 1. Comparison of some kinds of salt viewed in the scanning electron

microscope(x1,800)
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FE, Ax2AF(NaCl 4% o} AP oA Ax©Q)ste] ALE3A o

AFY e 24T F2d QAUIE RS BE EFEA JME &3 A F koiih
ARV FE EYStT Table 13 o] A|FFEE NaCl s=7F 10%HA 259 T/E
gElste] Azt Az 1FFS 4 Lo Edad £7)0 ol 20TAA 1253 &
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RH31(23)0 ulste] A7t 2ot AEA e 378 AdgFe s4 6~-10F
Aelell 10° CFU/ge 2 &3 AFuch 109 o4 7 Atk Ru@)sh §AH Ao
Atk 28 FTHEE 1539 nPEL EAFHA Hole PUAT ERFE =9
AFFAN 25 HAL, 57148 AFL AxEF A7 25N HYen
A M7 23l 2~6F Zo) £F B Holdd FA AX AL o] ALEAR
) Pichia membranaefaciens®t v RA T Lactobacillus plantarum® A-$< A 8tY
o B3(12) ® 8 .

5

Table 1. Mixing ratio of raw materials for preparation of kochujang

(unit : g)
Glutinous Red pepper Wheatko/ Soybean Salt Malt Water
rice powder i .
Control 560 720 300 270 370 20 1760
A 560 720 300 270 370 20 1760
B 560 720 300 270 370 20 1760
C 560 720 300 270 370 20 1760

Control: sun dried salt, A: refined salt, B: seaweed salt, C: bamboo salt
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Fig. 1. Effect of different kind of salts on the viable cell counts of
microorganism of kochujang during fermentation at 20T.

USee footnotes in Tablel.
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Fig. 2. Effect of different kind of salts on the amylase activities of kochujang

during fermentation at 20TC.

DSee footnotes in Table 1.
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Fig. 3. Effect of different kind of salts on the protease activities of kochujang

during fermentation at 20T.

USee footnotes in Table 1.

Axs Axs

2MAT EFRE

mEE

- 315 -

7 W F0¢ AL A 2549 MEE Hunter HEAZ Z



B3 A3 Table 29 2ol 40 AAYHAA Yo sFss L-F ANEQ a3,
FAE b3t BF FWHOE ANHAL, At $4 2719 4F oyl F2 Y
Ao b-ge At Ak ABTRAE FALEHONA oF @ol 2o} 12
T 54 Fo% a-9 b-3°l B3, dFo2 Axad F7 157 £l Moon T
(28)2 ilF7e] MEE orange pink Al9E F3Ao] 594~597 nm B oly sAlo] A
PR 284 Hold A= Adstvii g w ok Total color difference!
AEgkel W3le Fig. 49 2ol ALE AAQ A/t 25332 G5 A5 A= Wt
At 9 7 132 §4 4F ol Fd F43) FTUEAL AxLFL 4 F704
Aol Asigtt. olg nFFY AEE ATnFHY AF FLL-, a, b-#l 7
16.03, 2042, 971010 HI(26)o Hlste] wAo] diEH % L-3 a-gol A =3k
cH olv nFFY ZAo] Wi Frld gt F2 A YHI(27), Maillard ¥H&o ¢
g HMF< 1 23t S§A7F 99 aQl(22)0] Hu £ 49 u33L §7]d 2 st
SANAZ] WE AH oz Aol HYd Aoz FAREH.

Table 2. Effect of different kind of salts on the color values of kochujang

during fermentation at 20T

Fermentation Kochuyjang
time(weeks) Control A B C
L 36.03 35.20 3551 35.05
0 a 21.79 27.64 27.64 25.13
b 25.85 25.21 23.43 22.40
L 34.12 33.48 33.21 34.81
2 a 25.95 26.01 25.32 25.00
b 21.41 21.28 20.89 20.15
L 32.80 32.49 32.62 32.79
4 a 25.31 2444 2491 2493
b 20.46 20.02 20.28 20.28
L 33.56 33.38 32.82 31.38
6 a 2483 24.49 24.84 2191
b 20.59 19.84 19.80 17.30
L 32.96 33.11 32.68 31.16
8 a 25.24 24.47 24.26 21.88
b 20.44 20.20 19.70 17.49
L 33.24 33.29 32.74 31.46
10 a 24.49 24.32 24.14 21.84
b 20.05 20.19 19.69 17.53
L 3295 32.87 32.32 31.36
12 a 24.05 24.06 23.49 20.58
b 20.18 20.04 19.09 1755

USee footnotes in Table 1.
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Fig. 4. Effect of different kind of salts on the total color difference value and
consistency of kochujang during fermentation at 20T.
YSee footnotes in Table 1.
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Table 3. Effect of different kind of salts on the sodium chloride, total nitrogen,

and total sugar contents of kochujang during fermentation at 20T

(uint : %)
Fermentation Kochujang

time(weeks) Control A B C
0 10.18 10.18 9.93 10.29
NaCl 4 10.13 10.51 10.18 10.45
8 10.06 10.53 10.05 10.41
12 11.12 11.25 10.76 10.88
0 1.33 1.29 1.31 1.28
Total 4 1.43 1.40 1.39 1.39
nitrogen 8 1.44 1.4 1.52 1.46
12 1.59 1.58 1.56 1.51
0 22.98 22.54 23.26 23.12
Total 4 20.21 20.06 20.85 20.85
sugar 8 17.90 16.95 18.85 18.22
12 15.95 14.50 16.31 16.13

USee footnotes in Table 1.

Fol o et Fbsel FAAN22), $REHES) FaAE IEA B ¥
of ARAS Bl wet §49) B ulgo] Fretr] WEITHE0). BH AW AR nFF
9 FEFFol WT 4671%01Y FERAEE 0790 9H Shin E(26)) w1 ¥laho]
B AYTY FREF) BRE ol Arste SHAA $29 Fue] Ay GEo]
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Fig. 5. Effect of different kind of salts on the moisture content and water
activity of kochujang during fermentation at 20T.

YSee footnotes in Table 1.
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Fig. 6. Effect of different kind of salts on the pH and titratable acidity of

kochujang during fermentation at 20T.

USee footnotes in Table 1.
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Fig. 7. Effect of different kind of salts on the ORP of kochujang during
fermentation at 20T.

YSee footnotes in Table 1.

#gAG 4F

a5 dutg A3 | AAHAA F7t5t] 4~6
Foll 1722~1794% =2 Hxol g@gon olF A3 Zasdtd 12F #4 Foe AAG
H7F nFFo] 1224%2 AY ¥y FRL2EHN =G nFHFL 747 1486% % 14.68%
2 =4 Lee@)E kgiiE AHEE 3R SAGe £4 20~3040 Aol 19~20%7
A FHE F a2 4 Fole 13~14% AEJVn Buste £ AF A {4
s, Kim(3)2 A 2FFe $4L& zAd#AdA 2art IPHEs #AZ 52

al
Mgl kol $UY FFo] Re FEolAT wuw ATk 2FFY Frlo) F2E o

3
rir
rt
dg
oft
o
2
=}
o
i)
s
L
A
o
o

- 320 -



s
o
ol
fr
o,
i
o
ox
oX,
rlo
¥
oX
o)
2
futos
2
2
o
fru
olN
N
ol
£
]
N
H
oX,
ot
=2
rir
r 4
dg
of
lo
gy

27b A AAD H7F n32FL 148%9 @R o sHEAF 1FFo L08%E Al
d ).
20 1.6
\: —e— Control
@ 15 | , 1.2 | —m—n
g 2 "
%] e C
o 10 < 0.8
[ o]
O o
= <
T 5[ —e—Contol—m—A—4—B—%—C 0.4
o
O 1 1 na 1 1 1 0.0 L |
0O 2 4 6 8 10 12 0 2 4 6 8 10 12
Fementation time(weeks) * Fermentation time(weeks)

Fig. 8. Effect of different kind of salts on the reducing sugar and alcohol
contents of kochujang during fermentation at 20C.

USee footnotes in Table 1.
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ol FasPL FaY FEE ofuwd Aas) go| AT AIF REFAA A
SATh @9 oW WAATY Wt wud Prs YHEY Ws(Fig I IX
a7 grob AR Ws F BEHA DA @ Ao A4HAT

Table 4. Effect of different kind of salts on the amino and ammonia nitrogen

contents of kochuyjang during fermentation at 20°C

Fermentation Kochujang

time(weeks) Control A B C
0 0.14 0.14 0.15 0.15
2 0.32 0.30 0.30 0.28
Amino 4 0.31 0.30 0.31 0.28
nitrogen 6 0.29 0.29 0.30 0.32
(%) 8 0.30 0.30 0.29 0.29
10 0.29 0.30 0.29 0.30
12 0.26 0.27 0.30 0.32
0 5.88 6.06 554 5.60
2 7.6 5.88 5.60 5.88
Ammonia 4 8.65 7.00 8.68 7.00
nitrogen 6 7.84 8.96 8.40 8.96
(mg%) 8 6.60 7.00 7.16 7.10
10 7.00 5.88 752 7.28
12 5.60 5.04 7.00 6.16

TYHL 2 (p<0.05) ERL Yo HRaF H7
Fgol AAFolt AAGe Hatel FEAYLE006), F1E FAGE fot HY
9% Azad Wk 23Pl T WhE PP w3Fe AN VZEE FYI
A2£F H7h DRl WALl AAY A7 nFgo) sl FL(p<005) FHE
wob £F FHol w39 AEAE A7t 9w
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Table 5. Effect of different kind of salts on the sensory evaluation of
kochuyjang aged for 12 weeks
. Overall
Kochujang Taste Color Flavor acceptability
Control 3.60+0.88” 4.40+0.99* 470+1.227 3.85+1.09”
A 3.70+1.08” 4.050.76° 415+1.14° 4.00+1.17”
B 4.25+1.02° 4.95+1.10” 4.70+1.08% 485+0.81”
C 450+1.287 5.75+1.16” 460+1.147 550+1.43"
YSee footnotes in Table 1.
2V alues are mean * standard deviation.
¥Means with the same letter in column are not significantly different by Duncan’s
multiple range test (p<0.05).
2 o
Y9G, AAG, ARA4F, FILL et 13:24L AFRIL FAFY FAFHE =
Astel AEE AT FRA BE JFE 2ARRG. 1FE BERFE F9 A 2
2R A AQYL 37N AFSFE AF2Z "A7TFA4 FAAo. A4 proteaseBH =&
£d 27F 22BN EEo amylased] Aole gtk nFFe AEE FARFH
of L-3 a-, b-@ EF Rgon AE @o] wse AALH A2aF 23l 4A%
pEF 242 FRIANTY A AAGAA Aadn, AL dxsd H7Hd

59 g%e H2239 593133
wstos, ORPS] Aste Az FIH7E RPN Astan
AAG BTN Rgrort G AL Bk ofvlw Aash 4
dobe] Aat 44 F710) Bdow AW AAG A7t 2R ATk 133
ol Fskom, B71E AANG BT Wob AR AEE
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Az 2 Uy

A=

FE Az A" gFE FUA AFE QA FAA, DA v (Laminaria japonica)
E EY AAEAAAA AN AL TYSA L, dx(Salicornia herbacea)w Ad ¢t
T AGelA 20033 82 Fxo YA W pBeHEA ALEIA
TR Ax

HFE FXEA0TIST)A 154 AA® F 7t¢FE 9ulE 3] waring blender®
5% wtdstd JHE 2 st v E AAS D, AxF vHAES H7H6H

10T~ 1087 7tE A st GAlnke} g2 X8 LAAL A& A=
E9 40uiE A 7148 ¥ Waring blenderZ 327F wh3ste] pulpFo 2 diFo sty
14, 2.8, 42%(FFl 5, 10, 15%) E£& 2.1%ﬂ7ﬂ A7veAo TR e FH9 A=

F EEES 0HBTER 243 20%2 AxF 314 (MgCly, CaCly Ca-acetate, acetic
acid)g 7}ate $3AY F A£F 9 FRE016x16x16em) &7 120g/aie] 4HLE 10
7 st AF3An. old FRo £8L T EYE 1244 dolAe FAR B
AFAL, o]t BE SAHX T 3WE ol AANdtY A& AT AT

e A%

THE 6x6x15cme I 2 dusle "@F $7)0) ¥u 258 Y FHFE AAT F
27 A daste HAEY 298 2oyl datd T4 9ol 0TeIA 0742 A
At

pi

fr

FRo JdWAELS  AOACH@BDY 39 SRS 16T AxW, FERx
micro-kjeldah!’l], 3]¥& 550C3|s§ o= pHE pH-meter(Orion 920A), AFstgHAd 9
(ORP)E ORP-meter(Orion 525+, USA)E o] &3ld AF FAsA0

BEE Hl*—‘%zﬂ(smmadzu UV-1601, Japan)Z 440 m(@elA, 55 A% & A4 H=
= 600 nm A =733 TH26).
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HAg, F0, AU 125 date B5Hew Wriste A 73 AR 1Po= 7
@A BAH AT BEHAIRE AoJA data® SPSS program(SPSS 10.0, SPSS Institute
, USA)(32)& o] &3t ¥4H24 £ Duncan’s multiple range testoll 93] S48 33
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43 9 33

Axw A2 9%
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& TZAMgC)S H7tE3 T34 #&, FEEEY FEE F/AHAY 3719 A
EE vAEZE &6 vjstd @45 il FR9 &89 pHE thAvte gz 3
7tgol FNEFE AsSA ol TR geldst Mg ¥ +27t ionol HFGEWAY
aspartic acidtt glutamic acid®) carboxyl groupe]t} histidine®] imidazole group 3% 2
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Table 1. Effect of seaweed concentration on prepared of tofu coagulated with

magnesium chloride

Seaweed Coagulant Yield Whey pH
conc.(%) added(%) (g/L)  absorbance  Wpey Tofu
Control 0 0.16 175.3 0.18 5.89 6.04
14 0.21 199.0 0.21 5.85 6.03
Laminaria
. ) 2.8 0.33 232.6 0.71 5.76 5.95
Japonica
4.2 0.36 248.3 0.78 5.69 5.88
14 0.15 186.4 0.23 5.86 6.02
Salicornia
2.8 0.16 188.8 0.29 584 591
herbacea
4.2 0.18 189.7 0.31 5.77 5.90

°lF TR o]3std EAL Table 29 o] ¥ F&o] F/NHHUD At Aot

of Be TUSE FEUYl =1 2uNAR AT FFS giste P oY T
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o A& oAt} Fxo FHFe] FrsW TR AAL AxFol st ge FE
8¢ =7] WEe L-ghol RelAD b-ghol E7hehe AFE ngrh

Table 2. Effect of seaweeds concentration on physicochemical characteristics of

tofu coagulated with magnesium chloride

Seaweed Moisture  Crude Ash Hunter’ s color value
conc.(%) (%)  Protein(%) (%) L a b
Control 0 76.23 13.83 1.21 83.44 -206 1381
14 78.32 13.80 1.16 81.48 -471 18.17
Laminaria
. . 2.8 79.46 12.65 1.15 76.92 -5.19 18.62
Jjaponica
42 82.25 12.30 0.98 7261 -5.25 20.52
14 76.65 13.74 1.06 79.78 -5.08 1851
Salicornia
2.8 76.69 13.65 1.07 75.41 -5.16 19.05
herbacea
4.2 7855 13.53 1.09 72.04 ~-5.29 20.78

SAAY TR 4F
S A E MgCl9t CaCly, Ca-acetate, acetic acid(HAc)ZE 23t sz FHE A=x
g Z3= Table 3, 49 2tk T3 AxzA A HA7MEFLE $3AY F
o|7} Adted tAlmtE H7F FRA CaCl9} Ca-acetate®] H7bFeo] @A s ghow,
F5-9 £€% Mg RBue Ca'iond M7/ £33 €9 HEE 23t ol B
< g A FHRAME FAFsle Caiono] Mg Rttt &34t} gel 50 23
AL2 HuE)E v Yk =Y FH9 pH/F RE€FF SaA Y HIMFol FtsiT
T Kroll(6)9] B39} FA8HA R, 8 e 9z $u3 &3 43S 44
AL 7HAY T2 &9 ¢E89 gx& $2AE Gt 3% 4840l e AL
2 39HATY). FH HAce GARE 37e Aol F45 &0 2oy g§xE A
o

A A golE 2 Aolsk YREd ol 46 A¥ T $2E OF
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Table 3. Effect of various coagulant on prepared of tofu

Coagulant Yield Whey pH
Coagulant

added(%) (g/L)  absorbance = Whey Tofu
Control MgClz 0.16 1795 0.35 591 6.10
MgClz 0.25 201.3 0.72 5.84 5.61
Laminaria  CaClp 0.75 234.1 0.61 5.54 552
Japonica Ca-acetate 0.80 232.2 0.28 585 5.29
Acetic acid 0.26 1914 0.34 472 4.68
MgCl; 017 = 1924 0.37 5.83 6.03
Salicornia CaCly 0.19 194.6 0.25 5.70 5.89
herbacea Ca-acetate 0.22 205.7 0.43 573 5.83
Acetic acid 0.17 198.9 0.39 499 4.40

1) Seaweed concentration was 1.4%

o] 51 WAUE) 98] WEo|. TR £29 pHE hETol Hlste] ThAlv)
g olgd Exolq AY wo}
Ca-acetate® H71% T2 Aol7 YA
TR FEL Table 45t o] AZFE Aslstd WzTol Mol FERFL BolA
HACZ ¥ FHE Az3 T AY 2Rz
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Table 4. Effect of various coagulant on physicochemical characteristics of tofu

Moisture Crude Ash Hunter’ s color value
Coagulant .

(%) Protein(%) (%) L a b
Control MgCly 76.13 14.00 1.11 88.47 -1.57 1357
MgClo 78.64 13.65 1.08 82.05 -4.20 1595
Laminaria CaCly 78.78 12.85 1.58 81.28 -4.16 15.39
Japonica  Ca-acetate 78.50 13.30 1.71 79.87 -4.25 15.44
Acetic acid 78.76 13.30 0.54 81.43 -4.13 16.17
MgCl; 71.56 13.37 1.20 76.75 -4.23 18.94
Salicornia CaCly 76.96 13.30 1.23 76.44 -4.10 19.94
herbacea Ca-acetate 78.87 12.95 1.24 76.13 -4.09 19.19
Acetic acid 79.77 13.13 0.42 77.26 -3.81 19.17

1) Seaweeds concentration were 1.4%
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TR AZA GEE Cad Fol  F Jon pHE AHIAANA FF9 AFEE F
14 & gedda AdHE Caacetatedt HAcE $IAR Awsta, sxFo 7%
FRo £g3 olgstd E4L :FHsY 21%E LAFAA AXT T olHH
E4& Table 5, 63 2t}
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Table 5. Comparison of tofu prepared from soybean milk and seaweeds

Seaweeds Coagulant Yield Whey pH
adde(%) (g/L) absorbance Whey Tofu
None 0.18 200.2 0.40 5.56 6.13
Ca-acetate L. japonica 0.84 238.4 0.39 5.70 6.29
S. herbacea 0.21 212.1 0.46 573 6.09
None 0.13 203.8 0.87 5.20 511
Acetic acid L. japonica 0.29 207.7 0.48 487 454
S. herbacea 0.18 200.2 0.43 5.10 484

1) Seaweed concentration was 2.19%
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A7l FHAA % F9 Ftz ZtEAG ol ® BEFLE W
3NN E HAcE S3AZ 27 AnAel AY Ex wde stz @43
ARGl F7rste] dxx EA4do] 2etAd At FASAG.
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Table 6. Comparison of physicochemical characteristic of tofu prepared from

soybean milk and seaweeds

Moisture ~ Crude ~ Ash Hardness Hunter’ s color value
(%)  Protein(%) (%) (g/cm?) L a b
Control 80.20 1257 1.05 755.3 8.13 -1.70 1361
Ca-acetate L. japonica 80.75 11.85 1.68 743.5 8068 -355 15.23
S. herbacea  79.25 12.26 1.19 692.6 7530 -4.08 19.16
Control 78.21 13.36 0.64 809.9 8708 -145 13.57
Acetic acid L. japonica 78.33 13.23 0.71 865.3 82.12 -2.86 15.43
S. herbacea  80.10 13.04 0.66 856.4 7712 =370 19.23

Seaweeds

1) Seaweed concentration was 2.1%

FHo 7718 AL Table 73 o] K>Ca>Mg>Na &0l o™ Ca-acetateS. 2 %

A F57F HAcZ £3A17l F4e Hlste] Ca ¢ K, Mg &% Bou Nal
HAcE SN FRA @t} ol Ca-acetate® $1A|7]E 4 $ Ca ion°] Na ion
T S A 9] carboxyl group#e] Aol ARSI WEo] TR FUHoz AA
Tt Aoz ADHAY T AxFY HArle AZFA S0 Y& B8 nPo

FAHZF O vt o] F718 gFo| FHIAT

Table 7. Comparison of mineral contents of tofu prepared from soybean milk

and seaweeds

(Unit: ppm)

Seaweeds Ca K Mg Na

Control 892.9 1266.3 3194 98.0

Ca-acetate L. japonica 925.9 1294.7 340.8 199.2
S. herbacea 897.8 12759 3315 172.2

Control 399.9 11173 2044 112.2

Acetic acid L. japonica 4755 1156.7 226.6 181.7
S. herbacea 460.4 1148.4 246.6 160.9

A=RE A7MY FHE B5HJL 3 ARE Table 8% 2oh. $1AE Ca-acetate’}

HAcE $3/7) $3o vjstd B5dos $5atgon, 278 7He FrE 8
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Table 8. Sensory evaluation of tofu prepared from soybean milk and seaweeds

Sensory Ca—acetate Acetic acid

attributes Control L. japonica S. herbacea Control L. japonica S. herbacea

TeXWIE 500:1517 487113 4674144 393111 4206094  403+110%
Appearance £ 00+1.13°  393:070° 50715317 4930887  333:111”  467:135%
AS:rai:ient 513+1647  487+141%  393:144%  203:080"  313:1.30°  2.67+140"

E::Z 520+115°  433:090™  360£112°  420:137  347:106  2.73:162°

Odor 520£137° 460112 413113  406:110°  347:099°  3.23:L10"
accoe;:zliiity 560:099”  480+108”  473:103”  440:083  347:083°  3.17£099"

1) Values are meantstandard deviation.

2) Means with the same letter in column are not significantly different by duncan’ s
multiple range test(p<0.05).

sz TR AR

Fxo Z2HFE 256MF 71ete FA4L @3 30TAA 49 AFstAA FA A9 7
% ZAR ZAFE Table 9% go| AFAl Al we HEE FrAsd
HAcZ SIA FRAAN gz F717F HAx, o
27 BoE HE2FE G FRA A BErt Btk TR WA vAE
FA g% FAES PPNz FAA gdErt FUhshH, o] 5(@26)2 A A 7
£E 2ASE $R9 23 Axg Aoz ¢ £ Jnn B3 @ b ok
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Table 9. Changes in turbidity of soaking solutions of tofu during storage at 30T

Storage Ca-acetate Acetic acid
time(day) Control L. japonica S. herbacea Control L. japonica S. herbacea
0 0.02 0.01 0.02 0.01 0.01 0.01
1 0.36 0.30 0.29 0.17 0.03 0.11
2 0.40 0.32 0.31 0.18 0.09 0.17
3 043 0.35 0.30 0.19 0.12 0.18
4 0.57 0.33 0.29 0.27 0.15 0.19

T A F v 3R N pHe HAHAEE Table 10, 113 2t} pHE A% 3l
Aststthzt oAl Frteke &S Rolu pHY F7HEL dizTdA Astdz, A8
ol HAcZ AxF F79 dAlnt A7t FRoA pHY ¥ste AJT ARZA=E AR
Fol 718ty Ca-acetate2 A|Z 3 F3H 9 HAcE AZXF gF2TE AR Yol AR Fo
T7HEATTE F2dte A¥E Bo| pHESS fAE ¥sE 2ych AR Fol pHI
AsH7 F7kske olfe F49 g¥ide] EaHUA AAHE ofu=atolu AEA
9] peptideol] 9§ $4ZF2E wFo|H(24), HAcE SIAZ FHE SHF AAdd st
7| ®W&ol Ca-acetate® 1A Fh-o vlste] iAo AFFo] oz yo}
pH7} A stgtol wet Al EF @40l dojd Aol obdzt AdHATH

Table 10. Changes in pH of soaking solutions and tofu during storage at 30T

Storage Ca~acetate Acetic acid

time(day) Control L. japonica S. herbacea Control L. japonica S. herbacea

0 6.23 6.34 6.28 561 478 5.18

Soaking 1 5.11 547 5.16 4.85 4.63 4.76

2 5.16 561 5.28 468 450 4.62

solu. 3 541 6.10 5.78 477 445 459

4 6.65 6.37 6.53 5.01 454 4,68

0 6.17 6.59 6.57 5.64 491 511

1 5.79 6.07 592 505 470 5.04

Tofu 2 6.04 571 5.87 5.26 473 4.87

3 6.08 5.72 5.85 527 433 473

4 6.15 597 6.04 5.96 4.34 4.74
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Table 11. Changes in titratable acidity of soaking solutions and tofu during
storage at 30T

Storage Ca—acetate Acetic acid

time(day) Control L. japonica S. herbacea Control L. japonica S. herbacea

. 0 0.02 0.03 0.02 0.22 0.30 0.25
Soaking 1 1.01 1.28 1.12 158 191 184
(0.1;011111;0}1 2 1.08 159 1.28 2.00 2.51 2.45
o) 3 0.76 1.37 0.64 1.81 275 2.37
4 047 1.34 0.40 158 3.25 242

0 0.12 0.15 0.11 0.22 111 093

Tofu 1 111 1.03 0.83 2.06 306 211
(OIN NaOH 2 155 151 1.86 2.20 3.40 252
mL/g) 3 1.64 1.25 153 2.33 3.88 275

4 1.68 1.63 153 2.36 4.80 3.86

A%< 28B4 A (ORP)E Table 129+ o] A7717te] whek ORPE AsHshglo
B} AAAE HAcZ $3A7 #x A7t FRE AYsnE 39 olFde Al FUh
t A% B9 2HY ORP7L -200mV |32 Astg m 714 AT S0l #3
S AThE 2 W34 FRe AR MAL dFe AL Aoz woHYew, AGTH

d= $aAE HACE £1A 7 FEI} Ca-acetate® A7l FHo] vlstd ORPE =

Table 12. Changes in oxidation-reduction potential of soaking solutions and

tofu during storage at 30T

(Unit: mV)
Storage Ca-acetate Acetic acid
time(day) Control L. japonica S. herbacea Control L. japonica S. herbacea
0 -132.8 -127.0 -1055 -96.1 -81.9 -85.1
) 1 -153.7 -151.0 -146.5 -1189 -113.0 -104.8
Soaking
soluL 2 -196.5 -154.8 -190.6 -124.7 -1186 -110.7
3 -260.4 -175.7 -2379 -135.7 -135.7 -1054
4 -1824 -160.3 -1979 -126.8 ~-96.5 -99.1
0 ~107.1 -131.6 -117.3 -88.8 -78.9 -86.7
1 -118.2 -1256.3 -115.0 -75.6 -77.0 ~76.7
Tofu 2 -120.4 -1176 -115.2 -81.7 -72.8 ~70.8
3 ~-140.7 -127.6 -1199 -67.6 -51.2 -53.1
4 -1715 -158.1 -165.4 -1415 -117.8 -116.3
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TR} AXAFY ojuxe] FALE Table 139149 Zo] AA7Igte] AFge] wet
Fh Aoy AA A wlgte] £ ojulne) AxFFo] WA BYow, FRE A
% 2739 Aol AnAdl 2R3 1 o Fele FaIUT AFTFRAE AR Fzo
7tz olvled) A4 AAHL HA, HAcE $3A3Z FHE Ca-acetated] 3] A%
z719 obvlxe] Aa FFo] go} TR $TA Aol =@ I5 AU

o AFF ATl ¥ste Table 149 2ol A% Hole 3714 AFeo] ¥koy
A 19 3714 AT o1 AF BF TR %7 RId @3ste 10'CFU/gO
ERRAT), A 273U Ao g% Foll= EAT TS BAY 2% T
Roe &7 7t TR AESrt 307 Aden AgTdde d& Boe gAb
H7b7Y $2AE HAcE $3A 7 FRAA A 3242 AU olgg FH3td
2 o FF AxA MZHE AUt AZEAE FIANE F AN eH, HAcE $IAR
3t gAlutE Hrbete Aol #xE HuMsle $IAE Ca-acetated ©o|&3te AR
EFRFH AT

Table 13. Changes in amino nitrogen content of soaking solutions and tofu

during storage at 30T

(Unit: mg%)

Storage Ca-acetate Acetic acid

time(day) Control L. japonica S. herbacea Control L. japonica S. herbacea

0 2.66 2.30 2.24 2.65 2.80 2.38

. 1 2.80 2.52 2.79 2.94 2.94 3.09

Soaking

solu. 2 351 2.36 321 3.22 2.37 322

3 492 434 418 4.05 4.18 3.92

4 5.74 462 435 4.36 4.18 4.05

0 420 42.1 384 63.1 59.6 59.5

1 525 56.3 59.5 70.1 70.1 735

Tofu 2 56.1 59.5 63.0 77.2 63.0 63.0

3 70.2 455 59.6 56.4 455 454

4 486 385 455 489 384 42.0
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Table 14. Changes in bacterial counts of soaking solutions and tofu during

storage at 30T

(Unit: log. number CFU/g)

Storage Ca-acetate Acetic acid

time(day) Control L. japonica S. herbacea Control L. japonica S. herbacea

0 5.19 514 5.30 459 473 467
. 1 7.39 7.33 7.40 7.39 714 7.20
Aerobic
. 2 9.32 8.74 9.09 9.15 8.52 8.26
bacteria
3 8.99 9.14 9.26 8.30 7.85 8.49
4 9.57 8.88 8.96 8.83 8.20 8.66
0 4.20 4.43 475 453 4.24 445
. 1 7.45 7.39 741 7.36 7.00 7.34
Anaerobic
. 2 9.28 8.72 9.01 8.63 8.30 841
bacteria
3 8.89 8.81 3.89 8.45 8.18 8.32
4 8.88 8.84 875 8.36 7.90 8.26
2 o
Foll vl A utE 074.2% £t FHE Axsy F2 SAFH AL S v
dgch gATkE AR TR} ol vt $aAS FAFT Fgo] BoY £

Zo] Wol zuwAdL Ao TR AL H2F{ H/E L-#F a-#to] #L8I b-
& 71 $uAE Caol Mg ionBth s&FH F&0] Eo} tAnt H7brAA
2384g/LolQx, T3¢9 pHE sl2F9 A7z wolAn HAcE $IA1Z FolA Ad
wiokth 39 3B FL Ca-acetate® F2AZ FH7F HAc Hlgto] B@gton, A3
A& HAcE &R FHAAM g3 =79 H7/E 7R F49 F718 =
A& K>Ca>Mg>Na &£0l9121, Ca-acetate® SIAI FH7F K Mg 3ol #sk
t}, Ca-acetate® S IAZ TR/ #5Ho2 oFagen, FxF FA7HA @23 4
dgte] Aoy AAHQ 7|Zxe FANF/ AT FHE FFTFA FA A
0CAA AZE W HAcE €A F57F AN & F71¢ pHY ®

o F7b7h A9ew ORPE =stth thAlutel dx8 7MY FH9 AZ T olvixy
Az AL Ao AdFE A 19 Fol 10'CFU/gdl 2o, AF+FE HAcz
SN A AT AU, Caacetate $TAZ FH7F FRAA Bk

20
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a2Fe A WrlsE fASY] A FHA FUIEL B ohyE, AN
49 5t 243 HF AFE Astd ¥ AHgHo g Awel winE S &
guets dFE AN AEE LIS AF02 ol &5 gkey ddoly 4,
Ad Tol ol&H7IE o g9 g L, ¢4F Tol F9HR Jon A A
de¥dE d=4 FUIE 24 5 Aolvt A, HZde JAEH AAE, 7HEE, 59
T UFE e 2Fo A ol&HT Ak £FL AN AETHY AgH e =
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Az g Wy

A

ANz F AZ ALE3F v)Y(sea mustard ; Undaria pinnatifida)® ThAvH(sea tangle
; Laminaria japonica)e 20023 A 53X 9 HAEA R A T3 F83] AXRAIR
F 40 meshZ &3t ALE3A Y. 2FAZ AHEE vg gL A dEdT &4 94

oA HgtEE 14 5 19°Bed] wltES AME-3HAT

X3
mLe FHFE AMEste] 2~33 AFstn HHE 105Te

A FE ARAA Ax2FTE ARG =3 Axgd T A5G FHEE 08T

A2AA1~63]) HEd 425 5WlF FHRFE S0 F Axstd AxGAT. &
T F& HXF 10 g W E 10 mLe] EF BN FAAE &7 FE WE o
Azste] FAgoez FAAT

x5 pHS ORP(AHESIANE 1%2 FAF 25899 pH-meter(Orion
920A, US.A)E ol&3ld A 2AsH1, 2 EE methyl redE AANLFLZE 3o
0IN HCIZ AHAsHon, 2FFFE Mohrd(20), & EE3A4ES ACACH2DH &
ated, & A% A (Chromameter CR-200, Minolta, Japan)& ©]-83t9 &R0

e

flo

T8 &%

qrige F7E FFE 01% 92 FHFH BEAHAEE 9 ICP(Inductively
Coupled Plasma Atomic Emission Spectrometer; Varian Liberty 100, USA)E ©]-&3t4
=45ttt ICP ¥4 %2 plasma: 150 L/min, Auxiliary: 15 L/min, Pump speed:

DN

5.0 rpm, Carrier gas flow: 75 psi, Nebulizer: 150 kPa, Integration time: 3 sec® 3}%
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T 83 A&y AxE 3errt /gl gt L-ge SUMeY a-9 b-3E Ha
3t 33227t Foldd wet & B84 A8 ¥ 3Yd ke AL HAH &
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MR sEde v 2= gAnE % Assel A HzaT AeE

B B AT 7ol Wae) BT B e A% AEE L-ge I
g 2adA Astagon, de ugE b

Hu Hatesst FolA@ L-ghel F7hetel we M Howh 239 pHE eEst
Eobdol Wt Assted ABYEE AaFAL A% FAAAE 00CAAE Fhsh
3 oy exeME Astse Fgoldrh AGTL

g aFel wstel pHob ¥ot YV ES} ERo 4BY AU W

Table 1. Effect of incineration temperature on physicochemical characteristic of

seawater salts

Temp. Yield Insoluble  Insoluble solid color . ORP  (SiAHY
() (g) solid(g) L . b (mV) mL/g)
100 292 - - - — 929 115 089
B0 207 092 9363 032 206 752 2332 022
600 19 081  94% 029 179 720 2366 021
Sea 650 189 075 945 005 167 711 2330 019
water 700 174 073 901 -005 159 693 2326 018
B0 166 072 98 018 15 684 2025 016
800 148 067 9798 029 138 681 1914 0I5
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Table 2. Effect of incineration temperature on physicochemical characteristic of

seaweed salts

Temp. Yield Insoluble Insoluble solid color oH ORP (Aollfﬁh?l{t&
(T (g) solid(g) L . b (mV) mL/g)
550 291 1.04 54.00 -0.53 1.95 8.45 238.7 0.38
Sea 600 2.88 1.02 59.26 -0.50 1.10 8.14 258.0 0.29
mustar 650 2.73 091 68.56 -0.23 097 162 267.0 0.26
d 700 2.63 0.85 73.56 011 0.71 751 294.6 0.21

750 2.54 0.84 76.86 0.43 0.52 7.30 289.3 0.18
800 248 0.78 7841 0.75 0.03 6.99 2785 0.12

550 3.09 1.05 51.97 -0.93 192 8.27 2305 0.39

600 2.89 1.02 58.59 -0.89 1.14 812 2435 0.31

Sea 650 281 0.93 61.10 -0.69 1.00 7.96 282.0 0.31
tangle 700 2.69 0.88 67.17 -0.31 0.60 7.85 284.4 0.26
750 2.55 0.82 71.78 -0.25 0.57 7.67 238.0 0.23

300 251 0.79 76.33 -0.04 0.20 7.44 202.3 0.20

A2 E DS 4T FU/HAES ICPE 4% ZHE Table 3, 49 2| u}
=

SE $FYT A7l B9(Table 3) A Y-S Na S22 Mg 3o g%er v+
o2 K7b £stth 2y ol 3N ALE 33 =7t FUs o 700C7H
Nast K &&2 F7lste tidl Mge dX3 ZAHAL Cak £F F7Hte ZFolo
A Az 2FH%E Zolrt AU AxiaFE ART T £Fd g%d Mge €9
E Wl Kok Ca 3o F7H8le slzag9 F/4ELS Na g2z K #3°] =%
o xR e GARLE o] &% gxaFY K gFo] A3 gdor Ca FE =
T B ZFATt T4 THE AT & 2FolY AU AFFH & Aole /U3

3, Fest Zn, Cu, Ni, Cr, Pb 5] #l#F HAEHJ2oU olE 5 Alg &9 Nat K
g 9% FRstn g £FE0)7) g ICP 249 oggol AUk oldFd AAe
Ha(16) 59 Hdd9 #7134 §F Mg/t /b3 B3 gz K9 CawoleH,
Jo(14) 59 AYFE F& A NaCle 843:463% A 966:071%2 ZF7He Wil Mg
g Ca7t A3 #AHxdHve Bust FASET. EF Park(15) 2 A JLd ol
THabel vt Kot Mg &%l Btttz Bug vp gioh
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Table 3. Effect of incineration temperature on mineral composition of seawater

salts
(Unit: 1000ppm)
Temp.( ;
) Ca Mg Na K Al Mn Fe Zn Cu Ni Cr Pb Cd
100 226 6124 1945 189 - - 001 004 003 002 001 002 -
550 275 1119 2542 275 - - 00l 004 003 00l 001 003 -
o, 00 31 1082 %5 - - 00l 003 003 - 001 002 -
W:tzr 650 313 901 2633 287 - - 00l 003 003 - 00l 002 -
700 3928 673 2722 303 - - 002 003 003 - - 002 -
750 401 631 2659 299 - - 002 003 001 - - 001 -
800 487 591 2582 263 - - 002 002 001 - - 001 -

Table 4. Effect of incineration temperature on mineral composition of seaweed

salts
(Unit: 1000ppm)

Temp .
) Ca Mg Na K Al Mn Fe Zn Cu N Cr Pb Cd
550 871 346 251.7 542 - - 002 008 003 - - 002 -
600 896 258 2487 497 - - 002 006 002 - - 003 -
Sea 650 9.04 219 2473 636 - - 002 007 002 - - 003 -
mustard 700 947 085 2385 582 -~ - 001 004 001 - - 003 -
750 11.36 024 2206 570 - - 001 004 001 - - 004 -
800 11.68 015 2213 569 - - 001 002 002 001 - 002 -
550 863 455 2433 1217 - - - 006 004 - - 001 -
600 978 395 2494 1243 - - - 004 002 - - 003 -
Sea 650 1162 335 2453 1275 - - - 002 002 - - 003 -
tangle 700 1232 099 2410 1187 - - - 003 001 - - 002 -
750 1236 034 2409 1127 - - 001 003 001 - - 003 -
800 1241 021 2389 1045 - - 001 001 003 001 - 003 -

24°Be?] vl E &AL o439 700CAA HExL2aE AT o JFALE 4~12
ANtez gelste] AxT 2T Ut SAE Table 59 #vh 3 3pAHo] Ao w
doy B EE&EY AxE L-gol
2% 43 §99 pHE A zte] F7HEd w2t Hat

F49 M7+ pHE R IZEe 22393 ORPE AR F7lste B ¥l ¢

AU
-
d

4
o
X
(s
it
®
o
oX
Ao
o
rlo
ol
2%
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E2F o= qAvtE o83 ATl pHIt ot ¢RI 25 E%en, ORPE

NS 2Yste] Axd LF9 FI|AEES Table 63 Zo] 33Azte] HojxH
K &%& F7tsta Mg Zadov sstexe] Frte o Aolitke AHUH. Ca
< AR Frtsht 2 olFele Zadte BFOIAT Na TEFE 443 ol Fd=
#F2EA. ol A2AA FAT A TE A Mg B9 ofye Nadt Cak: d#7t
TAIAAY £ ERAAPLLE AHHE o] ohdrt BAHAW. AHxLF FES &
FE 3SAREe] FrlstEBRE AR Aole £ F YT oA AAER "FoIE

239 Azt wgd Hste pHF Eol ¢ZHEs wom A
HELANE 21, FUINE 2NE 2F9 Y HAA A7 HE Na@l) diAddd K
FHFol Be gAn}l dRaF AR #38 A2 AAEA

Table 5. Effect of incineration time on physicochemical characteristic of

seaweed salts

inerati Insoluble solid col ini
Incineration  yielq  msoluble oo < 010 ST n ORP Allalinity
time (g) solid(g) L a b (mV) mlL/g)
4 261 0.84 65.64 -1.14 243 8.29 108.1 0.28
6 2.49 0.83 68.40 -0.98 2.95 8.33 1153 0.25
Se
4 247 0.79 72.78 -0.67 344 8.15 121.0 0.23
mustard
10 2.44 0.77 75.94 -0.64 354 7.76 134.3 0.22
12 242 0.71 76.69 -0.45 402 7.68 149.0 0.21
4 2.66 0.72 54.33 -153 -0.98 845 97.0 0.31
6 2.60 0.68 54.34 -1.49 -0.44 840 106.3 0.27
Sea
243 0.66 57.36 -1.48 -0.15 8.21 1155 0.26
tangle
10 2.34 0.66 58.72 -1.42 0.34 8.01 124.1 0.24
12 2.27 0.61 60.34 -1.38 0.58 7.95 1295 0.23

1) Incineration temperature: 700°C
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Table 6. Effect of incineration time on mineral composition of seaweed salts
(Unit: 1000ppm)

Incineration .
. Ca Mg Na K Al Mn Fe Zn Cu Ni Cr Pb Cd
time
4 966 039 2976 541 - - 001 002 002 002 001 002 -
< 6 969 031 2912 528 001 - 001 002 002 002 - 002 -
e 8 1096 028 2928 547 001 - 001 001 002 002 001 002 -
mustard
10 1027 024 2936 583 001 - 001 001 002 002 001 002 -
12 929 023 2944 587 001 - 001 00l 002 002 - 002 -
4 1001 048 3216 771 - - 001 001 - 002 - 002 -
. 1082 043 3148 761 001 - 002 - 001 002 001 002 -
. 1143 036 3143 769 001 - 00l - 00l 002 - 002 -
tangle
10 1091 037 3136 776 001 - 001 - - 003 - 002 -
12 976 035 3149 785 001 - 002 - 00l 002 - - -

1) Incineration temperature: 700°C

ZRd g% gxid

o3t gAntE 5 mm AE HA Fad F FF AES 1-63 rheEA 105TC
AAM Azt HE2F JES AFLLE FE39 AXS 24T Table 714 E
et Zol F&& ugEY Hrt 57t FUbEA @ SRR vGolM 2F E
stk W slzAFe) pHE wiE9 Hyh 357t Fogd wet Assid, 33l
Fol tAlutel Bl3le pHE A3 4o Az 9
o 22 AxH £F9 ORPE 3sagde 2e @A o} -715~-1284
mVelQ 1 33 AZAAE Zasty 1 olFole Frhstch ol ORPY Aste
Zol 9@ AFEY 222 ARF AHzaFol H3AA AT 2T g AU
ORPE wFo £ & o A Fa3Eq o3 Fsjg €4 F vz #2105
Aoz AZtHUY Ha2) 5 71AQol #FisE B FA50 &3
o FE £FL Ta Bk, shFge] Al Histe BEAW] EHVF RWYTIL

RI@ v Atk 229 FBYAEE AZ (47 FohEE Rehzrk
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Table 7. Effect of seawater addition time on physicochemical characteristic of

osmosis seaweed salts

Alkalinity
Addition time Yield(g) pH ORP(mV) (0.1IN HC!
mL/g)
1 1.46 9.58 -112.6 0.89
2 2.34 9.68 -1164 0.88
3 3.40 9.82 -128.4 0.96
Sea mustard
4 471 873 ~86.5 0.58
5 587 8.29 =715 0.46
6 7.81 8.09 -72.0 0.36
1 1.14 7.71 -107.6 1.05
2 2.30 7.83 -1255 0.85
3 325 762 -128.8 0.84
Sea tangle
4 417 6.93 -112.6 0.51
5 532 6.70 -93.1 041
6 6.33 6.53 -92.8 0.36

Az A% AFY F2d dstd Hx4FL Axsn 2 ndF tAwE 700C
A FZAA Az HxAF L Table 87 2ol 2739 &3} £ ERAYELS T71
it Auk Fsage vstd Ao &Fe pHE wwE 27b 35rh gopAd HA
F7hstg oy dAmtE Azd AFA Fol Table 73 WxFHoiAth ¥HH ORPE
2~43] Ax A A oy EAFHAE Aoy, £2F9 FIARE FiIE B
ol At

Az g3 AEY FE2 AT Hx22F9 FAHEL Table 99 Zo] utwtE 9
A7t 357t S E AT M@ He F/HsQ ey Cae Z4HUL, Na &F
L 43 AYAXNE F/HH9Y a1 ol FE Fade AFE BATh TF dAvE Az
HzaFol uldo vlste] K o] ggton ngge Hst 357t SR FaHY

ﬁ:

e FEE gAvtel A At

i}

"
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Table 8. Effect of seawater addition times on seaweed salts in physicochemical

characteristic of osmosis remained seaweed

iti ; Insoluble solid color Alkalini
M g iy DR o B

1 0.63 0.42 55.84 -0.86 0.29 7.81 2492 0.38

2 0.91 0.38 55.49 -0.85 0.39 7.96 280.7 0.35

Sea 3 1.13 0.49 55.53 -0.67 1.08 817 2733 0.30
mustard 4 1.29 0.54 55.19 -0.57 1.11 8.28 266.4 0.23
5 1.65 0.60 5497 -045 2.26 8.49 261.9 0.19

6 1.66 0.61 54.07 -0.39 2.28 851 2595 0.18

1 0.53 0.42 6287 -046 1.32 8.35 2286 0.36

2 0.60 0.39 61.31 -0.38 137 8.37 2552 0.38

Sea 3 0.84 0.45 60.30 -0.35 2.08 8.53 2615 0.38
tangle 4 1.00 0.51 59.72 -0.34 2.18 859 262.3 0.35
5 1.22 0.58 55.34 -0.33 249 8.67 2574 0.34

6 1.34 0.60 53.01 -0.31 2.98 8.78 246.3 0.29

Table 9. Effect of seawater addition time on mineral composition of osmosis

seaweed salts

(Unit: 1000ppm)

Addition .
time Ca Mg Na K Al Mn Fe Zn Cu N Cr Pb Cd
1 574 3762 2156 55 - - - 003 003 00l - 001 -
2 451 3847 2365 156 - - 001 005 004 - - 001 -
Sea g 448 4050 2%60 53 - - 001 005 004 001 - 002 -
m‘:;ta 4 439 4331 2409 46 - - - 005 005 001 - 003 -
5 335 4492 2299 45 - - - 004 005 001 - 003 -
6 299 4466 2238 42 - - - 003 004 001 - 004 -
1 53 3665 2039 24 - - 00l 003 003 00l - 005 -
2 520 4835 2087 71 - - 002 004 002 001 001 004 -
Sea 3 519 523 2132 469 - - -1 005 003 - - 004 -
tangle 4 509 5263 2151 50 - - - 004 002 - - 003 -
5 454 5470 2182 24 - - 00l 004 002 - 001 003 -
6 407 5451 219, 320 - - 003 001 - - 002 -
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ot Yoz AZY HzaTol vstd Mg FFol AASA B Ko} Ca §3
& ol o7k UMW, Na FFE 23 R& F2oIYY. 7|8 FF4L 73 Cu, Pb
§ol W% A2H3 Al% Mn, Cd 5 EH%o] FEAUSY Table 39149} w27}
2 A2l Nast Mg, K &% B& BAZ 40 ool o] NPT $7
Aot B & ATk oY ARE wFo] B W x24T HdAYRTE Ax o
@ AR 230 9 Az Ao| ORPE W YBYEE ol 42T o2 #o
HRou F18 2HNNE HFos ARG 240 KT Ca o] Wol 33hy
o} Azel 27 Furael A

#0 Az 8 H2LFL AXT 3L v gAY AFEL HAFANA AZ
¥ £F9) F74¥LS Table 103 o] ulgtze] A7t 47 ZrHeel weh Mgs Ca

2HYoU Na #3438 AY7AAE 27 279U, K 2L 38 o) Fo
Aaste A% RA £E A3 AW @ AzaFo vste] K gFe] ) of
£ AzAAN G Fr)1Ee) st Ko 47 4T #2HUY WEA Aoz @

Table 10. Effect of seawater addition times on seaweed salts in mineral
composition of osmosis remained seaweed

(Unit: 1000ppm)

Aizion Ca Mg Na K Al Mn Fe Zn Cu Ni Cr Pb Cd

1 1021 328 2705 236 - - - 004 003 002 001 001 -

2 793 287 2887 244 - - 002 - - - - - -

Sea 3 727 21 2962 260 - - - 004 002 - - 002 -

mustard 4 576 064 2960 219 - - - 005 005 - - 002 -
5 566 .53 2884 203 - - - - - - - - -

6 559 .42 2878 198 - - - 002 003 - - 003 -

1 1376 27 2618 1378 - - - 003 003 - - 002 -

2 1135 01 2735 1111 - - 002 002 002 - - 006 -

Sea 3 1187 298 2855 91 - - 001 005 - - 001 - -

tangle 4 1109 03 2861 749 - - 001 005 004 - - 001 -
5 1062 58 2858 630 - - - 002 001 - - 001 -

6 972 .71 2852 557 - - 001 002 00l - 001 003 -
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Pl gA e o] §ste] st AxxAE 2o ARLF
F19EE st AEEs wopAE &7 $&% 2 288 HEes
Zastgon, pHe Assid dZaze ORPE Z2sdth ARz Az Hxad
| Bl &gl Hste] pH7L wob ¢@ert w3kow, ORP= 700T o4 £XdAAE
Aststel At FoA Wokth 289 FU1E AL 2 =7 SIHE] @ Ko
Ca @#o] 7139l Mge Zasgh Hxa5E K3 Ca %o A3 F7istsie
M Mge 22803, K 3FE vidun gAjvtel] Bth 3sAzte] S7hge] wet
Hz2TY €L 29D pHE 4 7798 ORPE 713t th. thAlabE o]
2Fo] "o Hge pHE %3 ORPE 2t slz4F9 K §FL 384
7bgel weEt SR Ca 2 8AIZE o], Naw 4413F o 33HA7l 3
A3 dzd g8 Az sxsFe HiREY WS Fo4s we £
&2 S7HEARAA, sjzaFe) pHE 9] tAvte] Hlstq] wth 33 Az o8 A
zd sxz4F9 ORPE -1288mVE 3 staFol vlstel dA3 wgtort 1 oj4tel
22 I/ AxaFY BUE 242 Az Ut SOl o Mg %2 @
A3 F7hshgou Cat gastgon, thlmz Az 2304 K I3 Btk o
Zo] 3 HxaFE A} F& TAE A BeolE wRE A7 A7t
F7Hdl weE pHE
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A 1A 78 AsFMARA dx27F 2 dxFAE9 7HA R
BE3 3 AA o134 BTt

U detdle vddd THY Z2FIF AT o, &Y Jled 2eE sty
e, gAel T uid B AAEHT Qe Aot ZERFoE Cag HET F7IAR
ORIt 9F &hHe Jdon, FAYIY laminaran® FA7|E FHHE AT Zl ©
ZF g Ed, 2 dEH FF AN F o2 fucoidang T F T Fucoidan
o Fodl EAste FF A9 heparind A2H FAo] FASte FEYSa
Z}-&-(Bernardi and Springer, 1962), &% 2 3AIDS 5(Colliec %, 1991)¢ 84S AY
3 glt}. Shibata $(1999)& fucoidan©] $i¢A X Helicobacter pylori7t &3 3= A
€ Adse 37 vk B3k, Shibata $(1999)2 fucoidanel #AF &7 3
gdx Pt =3 in vitro A L-fucosex Campylobacter jejuni®l F#AE 2 A3
A#(Cinco %, 1984)7F &€ F 2 BHA 7Fol ¢ dEFd Aoz dEA Utk

HZ 2279 54& o8 d8 A7t A8 Fd dey, FEAY FIAAE dFH
& F e JAE o) &d dig A7t v} AAolrt. A 7 vt dutyoes
AHEEI e AAREMAZE A, AFAA, B4 5§ FE F dov FAAE &
S FEY F4H 2uAEY Qo] HiA AAHLZ A dido] HEAM I AL
A Zaste A 7] dEd FAAE dAT A2 HIEA #Ho] nExHA
At ol Zo] Fau A I FolH AT o9 Alma LY AUE F U= F
AA d&e] ALY AAE9 AL gdd o dolzt & 5 Jd& Aok

MM B AREe AT RAT ¢ Ye ALE A dBeT RN F
fucoidan€ in vitro B in vivo A@E F3o] Hola FUAA 9 FHEFHE EAS
™, °]& fucoidan® H7l7b A3t&d AHIF} BAE AU e FH FEAE ZHol
Mt X 4TS ZAE FAA dALozA 9 o] 8tsAE THITLA HAF
ot

rlo
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As 2 By

7t A dAs

AR AR SERE SU AL WY, PR (U gAY vFET) Y LlvE
W R R AZEES AHESPon, Sl ANT A, dvsz 2 FZF 594
TE ZAEIGT. Alde AMEE BE YL EF A %S o) &5t

TEE 105C A4dzd, X)WL Soxhlet®A ¥, oW AL kjeldahld 2, 3] 2-&
550C 435y wat BA39HAOAC, 1990). 74 ofv] x4t =4 & HPLC Pump
Water 510, Gradient Controller Waters™ Automated, Tunable Absorbance Detector
Waters™ 486, Differential Refractometer Waters ™ 410, Control Module Water
Temperature® T4 ¥ Waters PICO - TAG(USA)AFe] Amino Acid Analysis System&
°]-&-3to] High perfoermance liquid chromatography(HPLC)Z A 23t t}.

9. 2533 9 strazveady

TE 2AL vdd SRS EFUIDA, 2FF0] 150g0] HEES FPon, oy F&
FFe 60%7F AEg =g ch. E BEo BaF vAYEL lactobacillusst asperzillus
€ LIZ E38t ol g3tion, ta A vAE F7twe 4 Ha 3 15g02 sgoh

SE+ZREUIAER, BG 4T % Vg

At ¥4 standard® marined € standard® ol €3 gen, olm Gas
chromatography ¢] &4dZZ7A L& Table 13} 2t}

Table 1. Operating condition of Gas chromatography

Instrument
Detector FID, 260°C
Cat No. 2 - 4152
Oven Temp. 200C
Column Omegawax 320, 30cmx=0.32mm ID
Carrier He, 25cm/sec
Injection 1tm, PUFA-1, split 100:1
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Z}. Fucoidan® F&4

Fucoidan®] #&& T 5(19%)¢ @y Fst9 Fig. 1% Zol AAs Crude
fucoidan® YU 7HFs| AMEHEHE, AF ZZRE 85%(V/V) methyl alcohololl A} 2 Azt
¢ BFA ) o9 FALE 02N HCI(pH 2.0) 65CAA 1 AEST FE2F 5 7HA¢
filter paper® <J#}at4dth olF 0.IN NaOH F&doz F3tx CaChE HAA
3,000xgol Al 1087 AAE YT A5HE FHFE T8I ethyl alcohol2 &
AAAA 10,000xgel A 10£7 A3t T240=% A

A 2" crude fucoidan & A9 Z2F AXED FIH 4UA F2d EZ A

B

B
of
i
o
ft
A
e
4
o
o
-
p‘jg
gatA
R

=
S

I Dried brown algae |

Refluxed 4 times with 85%(V/V)methanol for 2hrs.

| |

Residue Filtrate
Extracted 3 times with d-HCI(pH 2.0) at 65°C for 1hr
Filtrated through gauze and filter paper

Filtrate
Neutralized with NaOH soln.
Concentrated to 1L
Precipitated with CaClz
Centrifuged at 3,000xg, 10 min.

Precipitate Supernatant

Dialyzed against water
Precipitated with ethanol(3vol.)
Centrifuged at 10,000xg, 10 min.

|

Precipitate Supernatant

Lyophilized

l Crude fucoidan

Figure 1. Extraction procedure of crude fucoidans from dried brown algae
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vl in vitro’dol A 9] dF54E AA

In vitro’dol A fucoidan®] FF5 L A7) $15te] HYA w237 §AHFo o
¥ inhibition zone test9} AFAAIHE AA At APl AHLER vJAEL BIAdYTgn
SALHGNE FEAEUAEGFAGEATG §AFAG NN 7 B, By 2o ¥

d WIAE Escherichia coli O15TH7 ki 91039, Salmonella typhimurium ATCC 14028,
Salmonella enteritidis ATCC 130763 $A+#F2.2% Lactobacillus bulgaricus LB-129}
Lactobacillus casei 01-& Ewrol AL&31t}.

a) Inhibition zone test

Escherichia coli, Salmonella typhimurium 2 Salmonella enteritidis® Tryptic soy
brothell 1% HE3tZ 37ColA 24X+ w5t Tryptic soy agar FRu)x] $lo] 2z}
0.1ml¥ =238ty 7538 ZALE paper diskd] 2dZ2F 3% fucoidan? 22+ 1,000ppm/
m¢, 3,000ppm/m¢, 5,000ppm/mé E 10,000ppm/mé X2 F&do] HEE FHFSFo] =
40mg® HHste] Wiz o] &EARoh o] BHAWMAE 37ColA 2447 WEF F, A4
Z(inhibition zone)& A3t}
Lactobacillus bulgaricus B Lactobacillus casei ¥ MRS agar F 3] 7L wHo
2 3TCAAN 4827 wigad & AA8E =8

b) W AE AFHH

Fucoidan®] P& 4 vX= 93 Foprr) ste] 121TAX 1583 27 S
0.1% pepton &9 F=7} Z+2zt 1,000ppm/mé, 3,000ppm/mé, 5,000ppm/mé 2 10,000ppm/
m 7F HE& fucoidan & &€ 3M& ¥, Escherichia coli, Salmonella typhimurium,
Salmonella enteritidis, Lactobacillus bulgaricus 2 Lactobacillus caseis& £33 ¥4
4 T RBAEL 37CAAM 24417 wFste] Tryptic soy agar HFujR|o] ztzt 0.1m¥ =%
st FETE SANALH, FATL 37CAA 48X 7 wjFsted MRS agar 3wl =] ol
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Attt FA ol E 3¢ B4 Salmonella typhimurium® ZEAIZ1 HYA vAE 24 A
AT ZEA7IA ge ¥ 0 HATE Yrden, oF APTFE AT AA 10°
cfu #F9 Salmonella typhimuriume &89 A7t WA AAE FAAAT
od AT 4dugA 2UAEd ZZF FF fucoidan, WGFAAE AxEY, £ A
ZE, yeast cell debris(YCD) B SAAE H71st o€ SA digh ¥4 v
E Adase dotry] A8, d=2TE £¥ 6719 HHTE FAeH 74 A7 v
A 4RtBEte] FAEGT ¥ 294 A Fole dE2Te FAA HUHTe 27FE Fo 3
upe] ¥ gubEste] FAIIAT FAHoleld B Al ARF4 sen, RE A
TFE AN 7489 FABAIA fucoidan?) in vivo FAlA Y FFTH AP} FETH
TZ A8y ABE AEIA.

b) in vivo test

In vivo “&9lA fucoidano] W] AEY v JFE dotrr] 8t Salmonella
typhimuriumell 288 HT FAWHAE AWAA FoHLE NEFIUIL, BEE
HEdden ol §000rpmeE 5%t homogenization (JANKE & KUNKEL
IKA-Labortechnik, Ultra-turrax T 25, Germany)3¥ ¥, F a5 (Total bacterial count,
TBC), A (Lactic acid bacterial count, LAB), W& (Coliform bacterial count,
CBC)®} Salmonella typhimurium® Ad4(Viable Cell Count)E& &A 3ttt

Salmonella typhimurium® A #%(Viable Cell Count)t 348 AJEE& Selenite
cysteine brotholl A 38°Col 24A17F wi%3dte] salmonella shigella agar ¥ X0 =
38CollA 24A12F 8l ¥ MPN & T3t #Aaen, FT(Total bacterial
count, TBC)E 3A ¥ A8 E Tryptic soy agardlAl 38T 24Xt vl ¥ colony

g A3l T3l xm, BAFS(Lactic acid bacterial count, LAB)E 3Ad AlgE

MRS agarell =%sto] 38Tl 48212 vl¥ & SA3A 0. d& o & (Coliform bacterial
count)£ A ¥ A EZ Violet red bile agarell A 38Ceoll 24A17t wiF & &40

A 2% 4l villus9 Aol &3

A" FAHEE MBS e dFEE AEIAL ol F 10% T=2TH 1A
ste] Fsh dnjAd FAo) ALY BEEvE BEE AEe AU YHeE H
%43t9 embedding 3 ¥, microtome(Bright instrument Co LTd, Clinicut 60 cryostat,
England)& AF&3le] 8m &9 AL ¢o] hematoxylin-eosin(H-E)E A& A 33}
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t}. Villie] ol Bs& U] Aol micrometerE FH st At F 7 FE oSS
ste] HHEAE FI9H.

)

ol. 249 YJAFZ(AREYF) #F

sidE FAHolEE NEEY dFYg dRE FHEIHNTR olE 25% glutaraldehyde
& Ao 241+ AR F, 02M phosphate buffer(pH 74)2 +AE & 2N NaOH &
ool M3t 3-7¢ F 2% osmium tetroxide2 2A1ZF F A3 AgE ALA
24319tk o]2  tert-Butyl alcohol2 X8, $4AX 39or Au-PbE AP F
A A& ) 7 (Hitachi S-3500N, JAPAN)S.2 33l th,

Z. w3 Jl v AEY AX/EA R AF

A" FA oY E MBI BFE HE3JT o] & 25% glutaraldehyde &4l 2
, 0.2M phosphate buffer(pH 7.4)2 A% &, 2% osmium tetroxide
g5le] dlge AGAAM Esth ol & tert-Butyl alcohol2 A&, &
AAZ 9o Au-Pb2 IHF FALAAAv 7 (Hitachi S-3500N, JAPAN)o.2 &

r
0
o» 4ov

3.4 ¢ 1%

T d(gs) HY, & 2 o gRAs gAY ngEr)e LG/ £ 74
¥ £4 23 Table 273% 24 Table 2t 27 U4 BHEREAN @9 E,

DF 2 QY Bl A £ 2714 YRR wlwste] MgHAY o B A
o2 yeut vy §3e Adu &4 27 AR@%)% BEstel MY A9 o &

e WHe YBR, B3 e RAEL tha 2§ JeiAth 2E T
% FHe YL, (97 £ §7
o FEe T A9 B £e AYW Vg vjdR4EY 3
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Table 2. Chemical composition of marine algae

1

Chemical Species
composition A B C D
Ingredient(%)
moisture 6.56 9.56 6.84 11.24
Crude protein 22.07 15.15 1151 20.00
Crude fat 152 1.74 2.99 5.58
Crude ash 29.31 19.05 49.08 478
Ca 1.08 1.71 0.88 0.80
P 053 0.23 0.60 0.65
ME(kcal/kg) 3793.61 2857.63 3655.76 3100.00

Y Means species of marine algae
A : Undaria pinnatifida
B : Hizikia fusiforme
C : Mixture of Undaria pinnatifida
(Blade of U. pinnatifida and sporophylls of U. pinnatifida)
D : Feed for broiler chicks

AZF obuldt 249 ABE Table 33 2t AZFY obvlmit 2HL Biolwkw
A 10ME SR %3 vANAE lysined o] Woid B, T ool o]
AE HzaAY $58e ¢ & A

Fodol ) AAG ANxe] 4ES BAT AFE Table 49 2tk 2D0A F3ol 9
AAME ezt Table 29 mlGolut Eol Hlste] $-5atgon, F2o HzolE e A
o2 YEyt Ca #%d dolME dutaze sHao] 388%= /g ThE Az Fol u
st} WmA we Aoz vyt dqux £Ee dudzst 43 B deked o
oy Augdel BE dxd BX e PO AT ot Jlg nE JUi
o 8 AUANTE B55E G UAZ ¥Ry MR Ro2 AEET Table

39 A} wFe szsl ARH A 2 AL nARES dle & FF

BaEe Pestel Aud st AutE 0§ A5E dx PAEL Tl ogFo
24 RABAAY FEE 983 Fo2A AN NS FHAYD FAO & HzF
9 GYs FRAEE SRFORA JEPAEe ARH AANE FIND F 9& A

2 AAZY,
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Table 3. Amino acid compositions of marine algae

Amino acid Speciesl)
A B C D
Moisture 6.56 9.56 6.84 11.24
Crude protein 22.07 15.15 1151 1501
Essential AA:
Arginine 0.31 0.84 0.565 0.060
Histidine 0.625 0.55 1.11 0.424
Isoleucine 0.285 0.28 0.155 0.357
Leucine 1.33 0.55 0.535 0.797
Methionine 04 0.3 0.325 0.188
Phenylalanine 0.765 0.45 0.495 0.487
Threonine 113 0.74 0.635 0.449
Valine 0.585 0.41 0.365 0.566
Lysine 057 0.11 0.11 0.689
Non-essential AA:

Aspartic acid 3.28 0.92 0.975 0.966
Glutamic acid 264 1.39 1.585 2.851
Serine 0.765 0.73 0.62 0.619
Glycine 0.8 0.71 0.475 0.718
Alanine 1.265 none 0.725 0.655
Proline 1.14 none 0.68 0.974
Tyrosine 0.46 0.45 0.41 0.370
Cystine 0.16 0.09 0.12 0.295
Total 1851 8.52 9.885 12.465

1 . .
' Means species of marine algae

A

: Undaria pinnatifida
B:
C:

Hizikia fusiforme

Mixture of Undaria pinnatifida

(Blade of U. pinnatifida and sporophylls of U. pinnatifida)

: Wheat bran
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Table 4. Chemical composition of marine algae(East sea)

Cher.nfcal Green laver Seaweed Seaweed(% z})
composition{(%)
Moisture 13.00 6.00 6.00
Crude Protein 33.07 15.13 8.81
Crude fat 154 1.60 1.60
Crude Ash 2374 30.40 4479
Ca 052 3.88 1.74
P 054 0.30 0.23
GE(kcal/kg) 2949.09 442361 3913.30

AxFe obul:edt Z4el AFHE Table 39 2. AZF opumi 2HL Woro}
WAt 107448 FH02 %3 neRAES Lysinedtdo] @ojd ¥ the ofun
QoAME HZHAY 4% & & 9T Table 55 AN AAF A7 of
it 2402 Y 34 5L Table 39 Foltt £ A Fol @t oprlmal =
e 2E AT L F AY AANE AF@ uhsh gol 7 zmvhek FolF obel
e 2e Ot AL 4 H2S TR Wl woh wFAE b 24 AN
8 v HEA AR 5B ARE TFRLEN F 99
el 4RAE EHE QeoA AR FAL FYANE A% YL Tl don
F Ytk BE @ wANE AES olFolAA ggort Yo oF AEY Aoy
of eom, o9 HET oJFAAL U2 AINYL FAs Ax2F ARF/HAZA

sy

te B 4 W
s
v
i
of
i
_'>_3
il
i

4. 2EIA 9@ AGAEY us

U AAROEE AW A AR MwA 28 34 el e HEe
o AlR2M ol§ AEstin BuHY, ¥ AGdAE AEFY ARY XS AL
PHoe BAFAL o4ed d%4 BB FVAIE 1AE AL & ANk

Table 614 2o WEA o] ola) zwud, 25%, Tw, A L AdANA A
@ M3E YA fgtout, 2A% FFl da 78 RS Ui, ot §
¥ e AW ARg ARE WA TEALY S W, 2o 48 3/ ave uy
e Qo2 delA, vgs g ARFY Tx Ao ¥ 2 U4EL ¥4 Artsd

&
I Z1d &7t vl SAHE Aeg #adE
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Table 5. Amino acid compositions of marine algae (East sea)

o2 A ksl = k)
Asp 0 3.22 0
Glu 1.76 158 1.01
Ser 0.72 1.21 0
Gly 0 0.8 0
His 461 0.68 3.05
Arg 0 1.19 0
Thr 0 0.88 0
Ala 0 0.79 0
Pro 3.28 0.67 1.76
Tyr 0.65 0.14 0.49
Val 0.93 0.55 0.47
Met 0.44 0.32 0.37
Cys 0.11 0.26 013
lie 0.26 0.34 0
Leu 1.83 0.63 0.77
Phe 1.01 0.58 0.63
Lys 0.51 0.38 0.32

Table 6. Changes of chemical compositions by fermentation in marine algae

Moisture Crude Protein ~ Crude fat Crude Ash Ca P e
{calig)
oM Before 2.26 8.31 1.37 0.43 0.28 0.75 5709
Atter 2.43 9.43 2.73 0.43 0.13 0.25 5683
Up Before 7.22 16.21 6.71 43.26 0.76 0.72 3824
After 2.75 16.63 7.29 48.19 1 0.62 3927
y Before 1.7 9.66 1.99 6.57 0.23 011 5464
After 0.44 9.59 2.83 8.08 0.39 0.21 5694
0 Before 241 8.66 2.17 044 0.07 0.13 5368
After 156 952 431 0.72 0.08 0.12 5089
Before 6.94 16.12 155 43 0.97 0.48 3350
P After 414 16.37 1.63 42.62 1.09 0.44 3845
PO Before 222 9.43 2.13 6.51 0.35 0.34 5492
After 243 9.05 4.03 6.89 0.17 0.21 4858

* CM : Corn meal, UP . Undaria pinnatifida, MO : Microorganism

£ NgAA xF HEo o] §H vlAES Aspergilus B LactobacillusAl &2 7|4
g olgdtgon ol AF FUNY 5§ FAE EHoz 2uE UAER o8
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Qom, el g3 Wsz nFoud wadHe VAW Ao HuA
oz waad & H2FY Trd AFHA % HEL IEHYE Aol 2

rSl

rir
&
flo
.

8
HHol 4A dofuA gete AL dAHMER TG S EFS TESHHUE 4
Folle &% T d53Ec] vidE @5dE T34 oj&5E FHAAA v
FHE 584 HEEC PIAEA 3 EAHAY tE d¢aE A¥E 5 Y2 AL
2 Aedd
o EETAC @ ARd FF W
Table 72 79 ¥ SE& ZEAHT A9 AWt £4 2F#HE Hehd A2z vy

2 S 59 2R APNE wasgel AdYl wet AAH ez TsATNL B
HaE wE BEs AP FFe AANA 34 R0 v & o AxF
g ol gt BES APRL TP TR /154 2T o] sldarh

Table 7. Changes of fatty acid compositions by fermentation in Undaria

pinnatifida and corn mixture

M up CM+UP CM+MO UP+MO CM+UPMO

Fatty acid -
Before  After  Before  After  Before  After  Before  Aftr  Befoe  After  Before  After
cldl ND 1031 %Y 938 1363 06 08 7903 1215 1297 97

¢160 183 193

clél 238 579
cl8o 264 0%
cl81nd 308 %
c181n7 462 36
c18:2n6 1206 M

c184n3 53 11%
X 1nd 325 591
20503 288 261

c22:5n3 8 1815
c241n9 ND 1093

%9 W 1w 153 415l %8 191 1% 19
a6 39 82 203 131 il 517 78 59
1% 8 162 0.7 029 18 107 15 19
194 B8 AH AT 31 179 BB B 6
114 M 1% 303 3 136 8 Pl 36
835 104 478 473 41 IV 478 439 ol
18 b 083 124 346 &5 A8 A% UM
136 (A8 561 49 5% 607 5% 5% 6.14
38 209 206 3 18 18 AL 26 252

ND 566 233 23 177 ND ND 23 1089
118 ND 29 ND 169 401 ND ND A

55 &5 8358888388 8

* CM : Corn meal, UP : Undaria pinnatifida, MO : Microorganism

2}. Fucoidan & &
%

ST Aok SxA Bol Ax BEwoA F£3F crude fucoidan®] F&F &2 5453% %A

Mo
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. T 5(1995)2 crude fucoidand 4&o) v T XE 12.75%, ATt 4.76%, 19
A 173% A=Jdn Bustged, 53 ngde A$, 2o ©E fucoidan®] IF A
ol7} @Attt 3tH T}

Yields of crude fucoidnas(%)

Species!!

Figure 2. Yields of crude fucoidans extracted from marine algae.

a ' Sporophylls of Undaria pinnatifida, b : Laminaria religiosa, c @ Blade of
Undaria pinnatifida, d : Dried Hizikia fusiforme

v, in vitro ¥# %Y

In vitro 739} A fucoidan®] YeElUE FF5HE 54317 f8] AA% inhibition zone
testoll A AL AP A&¥ Escherichia coli, Salmonella typhimurium, Salmonella
enteritidis®] HYUA MAE A8 T Lactobacillus bulgaricus, Lactobacillus casei®] 3
A AET EFAA RFHA dol(Fig. 3) LA vAE APHA AMEH}E e

o2 AdEA.

a8y Hideyuki 5(1999)& fucoidan®] $1tAl ¥4 Helicobacter pylori7t &3t
< Asgjete AN Ydn BudPR, Cinco 5019842 in vitro A 10~
100,000ppm 5 %9 L-fucose’t Campylobacter jejuni®l Z&AX B& A EHRE e
A0hE BEsE Qe 402 %o fucoidan® FATIAE ANl M BFEHE 3
Fatx &1 FAuAEY FHE JAsE WHoz FFaRs e AR AR
k=3

]

>,\1
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Figure 3. Photographs of inhibition zones produced by crude fucoidan
A : 1,000ppm/mé, B : 3,000ppm/mé, C : 5000ppm/mé, D : 10,000ppm/mé

In vitro 749149 fucoidan®] FFFHE A3 7] Y3l AAEF B 2o A€ H
LA HAEY ZAATFL ANEF F= fucoidand] Ha) ZFEHE BHolx Ggow A%
A T3 uf-$ 4wket M EZ S elo] in vitro AA HlY FZ fucoidane] BHYA

Pl AEs A did AFHA FE4E dEHlA F5E FASAH(Fig. 4).

fog No. cfu/ml
m
& 8
d
iuf

Concentration of fucoidan extraction”

—e— F.coli —a— S.typhimurium —a— S.enteritidis —=— L.bulgaricus —%—L.casei

Figure 4. Growth of bacteria at various concentration of fucoidan extracted from

dried brown algae(in vitro phase).

Y a : Oppm/m¢, b : 1,000ppm/m¢, ¢ : 3,000ppm/mé, d : 5,000ppm/mé, e : 10,000ppm/mé
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v A 44 A 2 in vivo FHSY

43 A R FE A FAR Y AFASE SAHY FAFE T3 H(Table 8).
TAWote Atme] ZxF FF fucoidan, £ v|GRAE AxET 2 FAA T
7HE A FE Aol FAF Aole AY UElYA ggko) yeast cell debrisE H7Hg
AT FAFL QxFo v 7189 Salmonella typhimuriumdl 289 A8+
g Hled AT X FAFLE AolE YA Fydth

Table 8. Weight gain of broiler chicks challenged with 10° cfu/ml Salmonella

typhimurium
Treatments
S fvphi . Initial weight Final weight Weight gain
. Lyprumurium . . .

Diets challenge doses g/bird g/bird g/bird
Control a” 37.88 10597 68.09
Control b? 10° 38.04 104.89 66.85
Antibiotics 10° 36.38 1045 68.12
Fucoidan extraction 10° 35.71 104.85 69.14
DHF? 10° 38.63 107.05 68.42
DUP? 10° 37.61 105.36 67.75
ycDp® 10° 38.04 110.43 72.39
b Non-challenged control 2 Challenged control

¥ Dried Hizikia fusiforme powder 9 Dried Undaria pinnatifida powder

¥ Yeast cell debris

AF 6537l Abgol Ad KAl Salmonella typhimurium & 6.6085x10° cfu/ml
o2 BATFS £, 109 F9 wgE HA Ax, 9% Wl Salmonella TFrE 2T
= W87t A9 A9 wbA A fucoidan, silver light, MY 2 Kkelp meal A &7l
A B A Yehy Salmonellad] B3 FF LA/ Yol FAHR o, £3] fucoidan} ]
A Tl @A FaFol o] H=F FAE D JHRF FHEQ fuccidanS
Agel E7F AL SA Aol A HAA4dR BEQ Salmonellad] thd FF a7 AtE A
o] &AHo] HxF FEEQ fucoidand &4 AR IS 2S¢ AQFAAZA Y 7|
sol 7lddd.
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log No. cfu/m

Treatment"

Figure 5. The number of Salmonella typhimurium(in vivo phase).

Doa: Control, b : Antibiotics, ¢ : Fucoidan extraction, d : Dried Hizikia fusiforme,

e : Dried Undaria pinnatifida, f : Yeast cell debris

Ab. 2% Wl villuse] Zo] &4

TAHolE e dFE A& AT gAY 29 Zolg FH= Fig. 6~73 Zoh
Salmonella typhimurium& 3%3% 29 AT 59 Zolsl vjeg A+ & 2
olrtt Ao, 1 F dETY Holst /HE 1 ALR AFHUH ol A BF
mannan-oligosaccharideZ H7122 $989& W villus Zol¢} crypte] Zol7t F71
gt Rug AF(Spring, 1997)8 AwrsEe ZAFelth. 23y Bradley §(1994)&
Saccharomyces cerevisiae var. boulardii® JA7}RE& W crypte] Aeolet Ax 71 &
Atk BudtA L, Visek(1987)2 AH o5& FAA A/t B9 Az nAE
Zoly B A9 BAE 29 4 Qdx vudgct g ved AT 2 Zo
7} Salmonella typhimuriumol 298 AT §5 Aolrntt L AN Salmonella
typhimurium 3%l G A% AT crypt AT &4 EE A7MEA A% FHR

AE wA ] W3lel FHo] e ALE AEEHU
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Villi height (um) .

Treatment”

Figure 6. Effect of feed additives on height of intestinal villi of 10 day old broiler

chicks challenged with Salmonella typhimurium on day 3 after hatch.

Doa Control, b : Antibiotics, ¢ : Fucoidan extraction, d : Dried Hizikia

fusiforme, e : Dried Undaria pinnatifida, f : Yeast cell debris

Figure 7. Photographs of intestinal villi of 10 day old broiler chicks challenged with
Salmonella typhimurium on day 3 after hatch.

A : Antibiotics, B : Fucoidan extraction, C : Silverlite

oh. §2xA9 JA+x

FAotE Y] qAE HEdd #FF FHL §29 JAHFHE Fig. 8% 20 A
27§29 FHe A dE2X ggoen diee §27 A W FF6HA
EXH AR EI}F Salmonella typhimuriumol] . FHA &L vl AT &
T 29 M 24 v 3 FRF RGo2 FAHIG

5(2001)2 tAn} alginate® ratd] FQ5EE W AFGRY uAFFRE FEO|

B e o] W2 dA Egoln EJFE L uidAEsE AA3 2EHAGI 33
31, Savage T(1997)& A= 0.1% AEAE F9339E 9 cryptd] Zdole €
villiel ®ele Frkstgey villie] dojde Wt AT 3R Spring(1996)&

d

0

]



o H a&AIAE

]

Aol

A9 B villus®] 2ol crypte] Hole] Wi}

%
17 MRS BT

[0

Figure 8. Scanning electron micrographs of intestinal villi of 10 day old broiler chicks

A : control, B : antibiiotics, C : fucoidan, D : Undaria pinnatifida powder,
E : Yeast cell debris, F : Non-challenged antibiotics group

A w4 W vAEe] gusd wa

TiFHoz

Salmonella typhimurium®] Q. GA 7 hETF FA Holgle] W A&
7

= uAEE FAAAEAV Z(scanning electron

Fste] W AW FHH 9
aasg o, Auzdol

microscopy)2 o]-&3te] &S A Ay AL AHjEE #F

253 2 @ &
2} x| o <
A=

Figure 9. Scanning electron micrographs of cecal surface of 10 day old broilers

challenged with S.typhimurium on day 3 after hatch(Control).

- 371 -



Al 2 A HE=F 79 fucoidan? 7154 H/F 2

Tt Wgz2ad g9

oA o (FddstE S

1.4 &

A1 A AFNA A2F, F vldF FoA fucoidang FE8] 1 F& 2L A=
7HE 2] ngtt wgely Ro2RY 258 4 3l fuccidand] ¥ T RF H]
X TEE BAoY, o8 FEIV] A f71899 Hlgo] UFE Bo] 285 A
A7MAZAE ©187H7 gohe 288 4tk BdA B AQoME Augor 35
T T A THE IARA HAST F AdEFE2M HEY ¢ LA H2F B
HE FEFLEAN EH3E 22E F£2T F UEZ dQ0 = A2FE 5T AR
=7 HA 24T F B3 A £714 Wl 60T HEE gt 1A AR FA4A
719 Eej7t g8 He F&o] satA "k olF HFFL sty dARE A =2
%ol fucoidang HIEF A8 F8&4 EFo|l XopgeA Hed o PEHW crude
fucoidan®] Aok Iy $Ee F @A o yolrbA o|sh o] B S3¥ crude
fucoidane ZEA|7]E H] &S HFar] st 24 illited crude fucoidang F 23}
o o]&dte WAT FAC HE w2 Y. W, o|E fucoidane HEZFE B
Aste W BAMEW FHH A7) BB HxFY EHES TUE AXAY R
datA = 7154E HEFA st o9 e dAY AxE YdANE AFE upst
ol fucoidan®] o}F2 F%o| $F3Tn AR Erlo ABHAAZ TFs) 98
= bRl Ao 7] WEo] A Mu|§o 2 fucoidand FEE 5 Y& et
o sty AEstnz stk wa B doME AU L2 fucoidand FEE F
T 24s FEEH A olF dF F2F £ Y& BAE FA O AEFuA A
EF o4 Wy st &8 fucoidand B2 U Al A7t Fostd 45,
AR ool e 4%, U villuse FAH 2 G2 2880 MAE IFe AR

2 A%E AR Y.

|
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2. 45FEYd o Avl§ crude fucoidan? F&
Ae A1 d AgAFAA 1 550 Y4FE fucoidang F 7HA HEL

2 FE3t A gl ol &3ttt f7] 8WE o] &% fucoidan® i
T3 WY o R FEegen, A 2 HAME fucoidanS EFFF W st F
C

8l crude fucoidan® 9%t} Crude fucoidan® |
ol

Lo
A
oy
o

Z3t9 illite & fucoidang V& F+ YAt F=5
Az vYgEZY FFH F£9 crude fucoidan® AZF
H

(12.34%)°1 5718 594 (13.12%) BF7F vl£3 &8 48 & JAh

3. 71855 d 95ty FZE fucoidan 2L ZRAE HIA AdA 9 AFEA
A dA dFAE D 33 cholesterol 3o vX= 43

3-1. d+53

HZ FA Aol QoA BAAEL LHAEY 7|54 BFo] AP SEAIFEL
< ZAIATAY, 7 2 7HAES FaATE TY Ve E Foades
R HAMA FEE FAlY FTFEE FA Uk 53], ¢S4 FAAHEE
o] Az ste= MAAE THFHIHY] Add AgFe Ah Folup & yestoof ¥

dge] AN glREo] carotenoid AFTLE o] EAL FAVY f{HFd W
-carotene® xanthophyll2 £5F& 4 gon, o5& 2FAdA A3 A AL+
Asle] HubM| E£E E3) carotenoid-binding protein® A st =L wet EHF 3
Foz olExo E89 AMaRLe ¥ W FBoF o]|FH carotenoidE AW X3

BxxHoZ o)Fstd stg9 &3, A, gy, FJge]l ¢ ¥ T oY 4T A
Z8-& A D (Krinsky 9t Rock, 1999; Parker, 1996; Zeng &, 1992). A& AA &
#2388 H20Y  zeaxantin® 50%E  WHolA  HAEHH(Scheidt 5, 1985),
Goodwin(1986)& &3 ¥ 3o A& xanthophyllstE A% GAKdA d#HoZ ol

S‘i-ﬂ
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dohn Sk ol dele A F71% FaA dojutd Ade] A&HW Iy}

B FATE AR 2T Qo

A2 AR APAA NEAR FHE A M JRozwe AuGEe &F
A

e A AzE Wlol FEF Fol 9A @] WE olg shA AR FAY

TS FEHAY ol% FUT 3 FRAS e A AMAE AHEstn U9 & F
(1989)& KA Ad H A FAA FMazde Aoyt fAd: F PE,
Bauernfeind®t Marusich(1974)& #-&24 A%< canthaxanthin® HAZ4A e &7 A
S ANaEs 2 F dvxn Ak 531, o F1990)2 Ald HAA H]
o 55U 8 xanthophyllsol FMFE&o] Eohx X3 v} Uk
dae MEE FE ALEF9 xanthophyllFol 98 Ao 2 3] lutein? zeaxantine
7t58& ABol F8% xanthophylls2X A2 Hgd wet B3] Agdx ZolE vE
Aoy, gy 38 Ax #qk olygl H2olE xanthophylle]l #4s 7j5& %
(Britton, 1995; Sujak %, 1999; Clark %, 1999)3t= Aoz &4# R ofF old dig T4
S O%F FHstn 7] dEA waA AskE =
® 9 A Ay(e], 1999HE WH =
of 97t XA ] GF FiHel Qg Aol 1 As 27t ug
sl = Bt 43t
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3-2. NEWY 2L BN

3-2-1. N3A s

2 AE] ol &8 7I2APARY NP £ AEFFS Table 99 2ok AIFAA o
S AtEE AEd ZRAT A8 SFREHA GEE w@sior Aol o] &3 ATh AFA
ET 49 ANRAIRE o] &3UEY, AHEY 9L 2L 2UHF 16%, HAIYA
3100kcal/kg diet®] AlsE o] &35t
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3-2-2. AFEE 2 AFEA

£ A8 60F% 2ANTAE 64 3NE ¢EF 3054 F 540TE ¥

AEEE Y

A4 ARAA, 4E, GFHAE @

Alsted 12F
fucoidan©o] At&A Al H7FsIA
HE e Hrlstdoh AgA T

Z}z} Tle] W&, T2 fucoidan 0.05% 7+, T3 Kelp meal 2%37H7, T4 ¥ 3%

A7MF, TS5 Kelp meal 3% A7FF, T6 Kelp meal 3% + Asthaxanthin 5ppm 378
FRoH, AFAR 2 EL AHF9 9

Table 9. Formulation of the basal diet for the experiment

Basal diet
Yellow corn -
Wheat-14 64.44
Wheat bran-p -
Soybean meal{(CP 45%) 1693
Corn gluten meal -
Corn germ meal 5.00
Lard 357
T.CP 1.89
Limestone 7.33
NaCl(salt) 0.20
Methionine 0.21
Lysine-HCI 0.03
L-Tryptophan 0.01
Vitamin 0.10
Mineral 0.10
Choline-Cl 0.09
Ronozyme 0.10
Total 100
Chemical composition(%)
DM 10.92
Crude protein 15.50
ME(kcal/kg) 2900
EE. 550
Ca 0.59
P 0.33
Lys 0.74
Met+Cys 0.64
Thr 0.56

=375 -



2) AEHAF D 42T E

ABAAFE AQ7IRZE T 4oz VL 2D F A
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ARe] F4E BHH] Astel AINY AABEL BF AT 2 1044 F 4007)
(107 x 1042 x 43)e) ARL P2 Pkl Aol nY F dAS
Ade F2 542 haugh wnit(HU)Z EAsg e, HUE $3ddans d3e 233
9 100log(H-1.7W0.37+7.6)9) ¥4l o3te] A AT 714 HE sFdwe &
(mm)e] 2, W= d3(g)e vttt d&4e) £4& Rocherte] yolk color fang M-
stof NololH 157b4e] A4ze vlste] 2Aao

(i)
s

Lo

4) d& ZY2HE F

4% FLEE §FE Shen 5(1982)9 WL $8F 2 5(1995)9 WL ol&3t
fev, A9 F2%L methylene chloride®t methanold &¥a € 4mi(yy, 218 A}
€38t 40C water batholl A 30837t 323 ¥ enzymatic colorimetric methodol <]t
free cholesterol 28 kits(WAKO, Japan)& o] &, 505nmel] A1
spectrophotometer(HITACHI, U-2000)-& A}83l A3}

5) N3@AH9 FAAY
2 ANEAA Ao 79 EAAZE SAS Package Program (1990)0] o8] Hab
4E AAHR e HHAHAFNY F94 HAL Duncand UEAAEWE o] 439 A

Al A
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3-3. A 43

2 A@A H2F 2 fucoidang AR S A ABAAHA "= ¥
Table 103 2t} 1¥ 1% A8HAFLS =2F 2 fucoidans A7 2734
Aole YERGRA ggtoy, FRTS AHAUE T 4 e BEFES BAT ATEd 3l
olME AFAY x=3E0FH)E st RAHeg Fe AFE B, At

Ae 22T AET7t O AT wste WA deEEt ol Ze BFE XL
AR FH12%/g)0] ¥ BAR dE¥ F=9 NH5AE F5T 7 A0 BF ARAF
Fol BL AL Q¥ BER Asto] £¥ AT wA YdeA AR olgge] W
€ ASAE ANE £ 9ok 2 olg e A ddte B g2 492 F3hd

FHEojol & Ao AREY @, B 479 AFHE "Fo] drdM A¥HE XEE
o AtastE HAstdEs BEs Ao gEE AAS FE Aol HEH T AoE AAAY.
Qe A HxeTE AR HAE Af ADAC dist] 9%7A HItstA =
A8 5 dAo] sl Hol 18T BAE AZIsrld FEF olF7F @ Aot dF 2
iz e Fel Aolrh detuA dgkow, AtgeT&L AABAAZTY ATl
dete] 2T H7H77 £4 ¥ ARE HEHG.

Table 10. Effect of fucoidan and sea weed supplementation on layer

performance
- Treatment
ZFALE R
Tl T2 T3 T4 T5 T6
A8 A H % (g/day/bird) 76.64:68 6967+35 688056 797285 68.84+81 69.12+79
A 3-&(%) 61.25 63.41 62.58 56.43 65.21 62.59
Z(g) 68.4 69.7 68.8 68.7 679 69.2
kg/k 1.86 172 1.82 2.25 1.82 1.84
NRLTE

g/egg 127.2 119.8 1252 141.8 125.2 126.4

T1, Control; T2, Fucoidan 0.05%; T3, Kelp meal 2%; T4, Hizikia fusiforme; T5,
Kelp meal 3%, T6, Kelp meal 3% + Asthaxanthin Sppm

Table 1191¥ fucoidan 2 HZFE HF7I3 AARE AFHF AFAg G g A
ZA3}olt}, Roche color fano & {AMTE 4% Ay dfxF7F 7.25¢1 ¥ fucoidan 3
7htE 8228 o7t BA UEhg oy, dutH o2 AlFd {EHI e dFH FHAE
ot ¢ Eulxe £FolUdd. 23U kelp mealoldt EEES HUeA S Atd= W
AHo g
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Table 11. Effect of fucoidan and sea weed supplementation on egg quality,
yvolk pigmentation and yolk cholesterol content

Treatment
2N
T1 T2 T3 T4 T5 T6
%228 (Roche color fan) 725 8.22 10.42 9.41 10.65 12.62
bl 6.28 6.32 6.08 6.62 6.59 6.49
Haugh Unit 73.73 72.72 71.25 77.02 7245 73.16
Cholesterol(%s) 2.34 2.30 245 2.26 2.39 2.18

T1, Control; T2, Fucoidan 0.05%; T3, Kelp meal 2%; T4, Hizikia fusiforme; T5, Kelp
meal 3%; T6, Kelp meal 3% + Asthaxanthin 5ppm

A FE8HL Qe 44Ty FAx 7gA F2aAd 23U AFAA 7%

e 98 FAEs} 1172 A5 Aoz wFo) 4xg W] Astels ATl
ANAS ot AIHTE)SHE Aol B A7l AdA J=HAt o= AANS A&

GAE ggod, HZFE o4t J154 IS ARE WS sl oz %
Ag @rlete Aol e wFHsde A¢ BHEG. S & A7 Aol Zo| 3
ZRE 14T AxIE VEV AstdE FAAE A2 A5 Sppm FEE T
L 2R AtdE Axde QS Astd AR dEEEs

9% H7bsta vk 2y AdA A wpeh o] T ARETTE 9% AR
AR FEE Ast] G FFe] dojd sbsAel W w7] W2 3

=79 HAFE Folx dAd AAAE AFANE HE FHHAQA Asthaxanthin)&
AHE3tE o] uigda & Aoz kY. #9, ¢339 cholesterol F&FAE & AN

1=

A71% fucoidan D HAZFIF 714N E R Roz Jehth ok AFY G 4
4727 B 589 g2 g4d0 A7 fEold, HEFE o8 ATH2HE 3
Aol Bert g Aoz Bayc

AgAoz AdAd R HZF R fucoidand ©]£F 7154

ARe Axe7) A3t
ot B ATIN e nhe gol sxwol FAAZ AASE Aol T&Holn $%

S}t

4. 771 8FEHd A8t 2 fucoidan L H=RIE A7 F97F §A9 5
AAH, AW W ABE AA, villi 2F F F7] ddd v Y
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ARENE DY Sol¢ ABBHOE Asd AR
} AEES BRetn gew, o BEHd 4us
T Y AGEY A 05k A= A Utk 3 FAA BlY, gAntE 27

Fe HzfFe B4 e 2 5 RV ¢ ARHMAR o) 8H Feon
AT A3 ¢ AAE e wgd wa vgs gAvE ARAAR ol&dtE
A Rohe AYRAEYL Besel 4% AF UEOE of 5 UEL Aol
RPN E FET £ Ao MM Bl nE2HI Uk 53] FAA AN 2
279 54L o8 FTAY FAAE BAT & YE ALE olgd 9P d7E ¥
A AAont. FAAE 2H|FE F7te 2uAES A 0] v AAHeR A

o ole} Zol felul Aol UE WA 4G olge] A=
T REAL 5 oglE FAA Wee 498y dEe T
e ggs ode dolgk ¥ 4 U Aol WAA B ATAAE AT U ¥

Azwel A2d 7HA B 2 /54 AAERA FAAE AT & A= AxF
2dg 5

k)

o

e

4-2. A3y 4 45
5-2-1. AF5E A5 R 434A

E AL AxF 2 % % fucocidano] 7FFol o Foade HIsL, 7159
A%, A7 A ¥s 2 d9i 2880 vAe 4 fE] Astq Rede
(FEANE ol &3 637 AXANTE Y3tk AFAEE Table 1201 Wehd whof
Zol A, 7] FEol ZeuA 20%, hAtlvA 3100kcal/kg diet® LA, ALE
W FAAE A3 FHEA gk 2 A 73T ol AETFE negative HET
2 FAAE H7eA $e -Control(C), positive hHZTEA IFAAE H7He +Control
F(+C), Fucoidan 05% #7138 F T, Fucoidan 1.5% J718 FF 7, illited] && o]
B AujetolE 05%E H/M S 7, AHHCEE 15% A7/FE SS 79 A=A E 3%
A718 Km 2 SIZFE 3% H718 M 72 459 F 84 3w, 53 1654 F
B2dy 360578 o4ty AES FHSHAT B AES FAFe glof AFEAE 4
A BYPel] F3teo] ANFHGoH, AFH AEAAFS dF FAHAGT
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Table 12. Formulation of the basal diet for the experiment

Ingredient %
Comn 55.21
Wheat bran 10.0
SBM(CP 45%) 26.23
Corn gluten meal 2.0
Fish meal 1.0
Animal fat 2.66
Limestone 0.19
Tricalciumphosphate 1.69
Salt 0.2
DL-Methionine 0.37
Lysine-HCl 0.18
Vitamin premix 0.15
Mineral premix 0.12
Total 100.00
Calculated composition
ME(Kcal/kg) 3,100
Crude protein(%6) 20.0
Crude fat(%) 5.58
Crude ash(%) 4.78
Ca(%) 0.80
P(%) 0.65

5-2-2. 2G5 % EAY
7 FAY, ARPAE L AL TS

ABEEE AWVT S T B 7 b Ao BHolGma2smE & H2
Aol 85t B3} ARE AFHARS stgom, ARHAFE NEFAFIN B
g As] FHYD, AF TR 379 6740 574 4 AT FX HHAND F FA 3kl
ZAFS TS ABLTEE A A 712 39 ABHATE F FAFLE ol
Fahgeh

ol

W) WESEA 2 vili do] F3
AFND FB A, AN B D F 4 AFT F FAAT e AAE

Adstel 29, &% 2 37 TF
A
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o2}
=

_}r\_
zgatel AARZ AF1L0HNH FF %
(g Aueta 2 9%E ABAQL
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AHQ W o g F4£5 438l embedding 3 ¥, microtome(Bright instrument Co LTd,
Clinicut 60 cryostat, England)& AF&3te  8m Wy HHEE Ao
hematoxylin-eosin(H-E)@ Mg Algagd. Vilie Hole 38dv| 7o micrometerE
FEete AT 7 7T FE olde BASA FAAE TIHAC

o) Ad WA E HA

TAH e 379} 6F3te] ZF A d 544 AAA FEHoE HESHE, 37
€ AHEI{Peod, olE 8000 mmezE 58 F&3 (JANKE & KUNKEL
IKA-Labortechnik, Ultra-turrax T 25, Germany)3¥ ¥, FT S (total bacterial count,
TBC), A 9(lactic acid bacterial count, LAB), W&# 5 (coliform bacterial count,
CBC)®} Salmonella typhimurium® AT <(viable cell count)E 33t} Salmonella
typhimurium®] Bd5E 349 A8 E selenite cysteine brotholl A 38TCell 24417 v
3}o] Salmonella shigella agar B @ujA o] =% 38ColA 24417 wlY & MPN X &
T35t FAbsl o, TS (total bacterial count, TBC)E 34 ®E A&E tryptic soy
agarol Al 38Tl 24717t vl% % colony 8 FA3d F3td 3, AT (Lactic acid
bacterial count, LAB)= 3|4l€ A|8& MRS agarel]l =238l 38Coll 48A17F w3
=439 9. F 4 (coliform bacterial count)E 34 ¥ A|&E Violet red bile agardl] 4
38Tl 24A3F wWiF F SA A

) §RxH o AXRAY G AF

slE 7 29 dR(PF 9 5cm H9)E H&Edd olE 2.5% glutaraldehyde &
of 2417+ M1 F, 0.2M phosphate buffer(pH 7.4)Z A& g thg 2N NaOH & Hoj
AH3ATY. 3~74 & 2% osmium tetroxideE 2A17r TGS ogt& ADAA B
39tk ©o|E  tert-Butyl alcohol® X3 ¥ FAAX d%oen, Au-PbE IZH Y
7b&A G 20kVl A FARAAE W A (Hitachi S-3500N, JAPAN)2 2 Villie] dejg @2
&t

AD 23NE R %L ol 88 53

FEL o18ES AT Astd AFAR ol &AW dFEES 27
o 8F AMYT O 23AE TEE o43dt 2FAEE Astd FF
duiAtg 71E FRoH, dHAlg 5ARFE 244 E& AFs A2 o] &3
o 2w fEs HEE 4 AAseH # HCIE A3t dry ovenoll A 6
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0CE 48X dZste] FFstel AT MAFE Fagn FALUZ BUNA 2 4%
2 $FE o o422 FARAT. BL W AW 5 AGAA ARD. ART
£ 672 AT 35, B2 3 154 £ 1858 IAHADG. Aol 2old ARE
AOAC1990)°) Sste] RY5gom, oY=t bomb-calorimeters o83t %433l
o GFae she AWe the 4o Qe TaATt

o
:hf

r_>|i
>

£3&0%)= AAT 9%4: FF-(BF 992 FF-UA JE2)/A7E 994 F
%Fx100

4-2-1. 23 2 @
Fucoidan ¥ SIZHFE H71e A5 E F939S 4%, 22989 AFGA AL Table
133 2o

Table 13 Effect of feed additives on growth performance of broiler chick

. Body weight(g) Feed intake Weight gain )
Item Feed/Gain
Initail 3 weeks Final (g) (@)
-C 42.8 595.6 16745 3361.3 1631.7 2.06
+C 41.8 636.7 1722.7 3328.2 1680.9 1.98
F 440 630.2 1731.2 3338.0 1687.2 1.98
FF 43.2 630.0 17285 32435 1685.3 192
S 40.2 631.8 1720.0 3295.8 1679.8 1.96
SS 421 6307 - 1730.9 3260.9 . 16888 1.93
M 420 608.4 1684.2 3325.7 1642.2 2.03
K 418 618.6 1681.8 3260.5 1640.0 1.99

* -C, negative control; +C, Antibiotics 0.5%, F, Fucoidan 0.5%; FF, Fucoidan 1.5%;
S, Silverlight 0.5%; SS, Silverlight 1.5%; M, Undaria pinnatifida 3.0%; K, Kelp meal
3.0%

Table 132 fucoidan 2 SZF9 H7} B2deo AAFAFHd uxE e =
& Adelth. AGAMA A9 4 A7 F AFe A AT FEAN AP o, 3F
Fo AF goIA Zolrt vedr] Azstdn. &, A4 E7HT, fucoidan BT 2
AwetolE Hrtte FAA FHATFCE HEtd ¥ AFS yshdon, wdew

o?z’,
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% kelp meal HZHFE A ATl Mkl EAE @gout, -CTF Hste] wmy
& AFE 24tk Aol TR 6749 AFo| YIME 37} v5E RS B
Atk e ARYAF QolAE 7 Azie] Folt glol AY AR FFEoE A
Hshgich webd AFE L& (Feed/Gain)e AT ALRAH Fol maste] olzTPol 13t
2 AT S5 Ao deod, MARY AT et -Co AY Hze
FEo2 Uegt ot tAl a4 mdEwe A7t AFHAN AH =gl =7

the A THFEU, T o FRE A ABANE AFE nie} go| ngr LS

52
rr

o GESE AA AHsA &L BAZ EL U 52 IE TEE U 98 58 ¢
SAE M54 E ANE + o, T3 kelp meal®) AHI FHA Y B9 JzF7t
27 WAA £8EHA R3H7] dEd AAGHH T2 o4& Aog ARHU wEtA
2 AN ol &3 FFEFHY Bl DHTE &3] Wid A d dF4E
EHE F e S48 23 YA Eigde Ao2 I olfE AT + A& Aot

4-2-2. 437199 s

Table 14 Effect of feed additives on intestine length of broiler chick

Intestine length (cm)

Item’
1 weeks 3 weeks 6 weeks

-C 81.00+£7.05 118.33+4.51 177.00+15.39
+C 80.50+1.80 125.33£11.68 159.67+24.66
F 78.00£9.54 120.33+14.19 155.00+5.00
FF 84.33+2.52 114.00£10.15 145.00£15.10
S 79.67+10.02 118.33+8.50 167.00+£13.53
SS 75.00£7.00 121.67+£1.53 : 167.00+20.07
M 74.67+6.66 119.00+15.72 164.00+8.72
K 81.3316.03 120.67+16.80 160.67+24.58

* —C, negative control; +C, Antibiotics 0.5%, F, Fucoidan 05%, FF, Fucoidan 1.5%;
S, Silverlight 0.5%; SS, Silverlight 1.5%; M, 79 3.0%; K, Kelp meal 3.0%

Fucoidan ¥ 3=/ A7/ B2dg e &3 ZHold vXe J&FL Table 149 2
&% dolg 27] ARAVdE B AFoA o433 HIIEEY FFo] UE A &
skort, A% 7Izto]l AolALE 1 Aozt AAEA dEYY F AL 1FAdE A
T3l Zol7t AE YR o, 3FAd T &% Holrt sz Tl wisted Z4 ATt gol

E3] 639 A2Fdole 237t /M8 A1, fucoidan FH7FE7F
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Mg e Aoz denth olg 2e A4l UEhd olfel st FAA AT
YA Fobd Fo FTo| fucoidane] FAASH FUH AFE 23 YL RO
Fdt

Table 15 Effect of feed additives on intestine weight of broiler chick

Intestine weight (g/kg body weight)

Item®
1 weeks 3 weeks 6 weeks

-C 8.60+1.18 36.15+2.59 67.76+8.20
+C 8.84+1.01 37.04+6.45 60.69+15.11
F 8.52+1.58 33.86+8.42 62.26+16.25
FF 10.87£1.69 30.05%4.17 50.97+7.33
S 8.80£1.79 23.79+4.49 57.362.77
SS 8.41+0.48 40.29+3.28 53.3416.16
M 8.04+0.96 27.59+6.26 58.96+4.92
K 8.09+1.06 32.44+5.26 66.59+13.51

* —C, negative control; +C, Antibiotics 0.5%, F, Fucoidan 0.5%; FF, Fucoidan 15%; S,
Silverlight 0.5%; SS, Silverlight 1.5%; M, ®l¥ 3.0%; K, Kelp meal 3.0%

a%e] BAE 1340 Az Aol7k ggou, 3FANE dxTol wste AT
b aAdeE we FAS BYn, 6FANE 3FAY AYH uid 2IE By
t}.(Table 15)

Table 16 Effect of feed additives on Cecum weight of broiler chick

Cecum weight (g/kg body weight)

Item”
. 1 weeks 3 weeks 6 weeks
-C 1.57+0.15 4.60+1.00 12.99+7.03
+C 2.05£0.66 6.68+2.04 20.98+4.98
F 1.32+0.94 437+1.19 12.58+2.11
FF 1.83+0.57 5.17+£0.70 10.99+4.78
S 2.29+£0.98 3.83+1.00 13.77+3.16
SS 1.45+0.10 6.35+2.27 14.11+4.22
M 1.81+0.63 4.83+0.91 13.17+1.80
K 1.50+0.37 4.06x0.79 14.10£559

* —C, negative control; +C, Antibiotics 0.5%, F, Fucoidan 0.5%; FF, Fucoidan 1.5%; S,
Silverlight 0.5%; SS, Silverlight 1.5%; M, =¥ 3.0%; K, Kelp meal 3.0%

rr

Fucoidan % 2R A7t mzdeel @8 RAd nx: 93¢ 2A4E 2%
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Table 169+ 2t} 7bZe] o} A4 o #WeE B S&o] Ae gtz mo}
E Fasth Z FRel B FFoe A Folrt YA, 6549 €T L
W FAE $o2 A7 nojop ¥ HA A Rew AAAY.

Table 17 Effect of feed additives on Crop weight of broiler chick

Ttem" %% (g/kg body weight)
1 weeks 3 weeks 6 weeks

-C - 25.98+4.16 52.60+5.81
+C -~ 28.87+5.46 50.97+2.97
F - 27.59+8.97 49.63+10.07
FF - 21.74+2.17 49.48+9.82
S - 20.69+2.85 4562+11.33
SS - 25.90+2.60 43.67+3.85
M - 2490+1.24 48.05+3.09
K - 24.25+2.09 5825597

* —C, negative control; +C, Antibiotics 0.5%, F, Fucoidan 0.5%; FF, Fucoidan 15%; S,
Silverlight 0.5%; SS, Silverlight 1.5%; M, o149 3.0%; K, Kelp meal 3.0%

Fucoidan 2 3ZHFE& A7189¢& 7

rl

A FBE 2AY Ae Table 179 2t

ZALE A3 353t doAME ZF Ak Zojrt ey, 65 AoIAE kelp meal

< A ZE HYFAAN dzFrg @ Byt 53, dugolE AT

fucoidan H7Ft& 2 o7t A3 oled AL fucoidan B AW Ete]ETL 9ol
FEE 9ojFo] 99 &5 Fe] vty qEoz A
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4-2-3. £:31&9 A= 4F

FEE 238 HAT AIEY 994 24T o2 uWEd 4%4 24 A
Aoy, &a3t&d JoiMe #4 A= AAolrt UeltA Fch(Table 18). £ A9 Z
RRo2E N5ty ojH Sy, AR E Aste HAolU ¥4 FF EAA 23 A
A A2 AHHY, A7]dE] olo] dd B APe] o A2 AT
Table 19 fucoidan ¥ HZFE H7IE Alg HH Al $A FFAA AN opn =4t
ol &4E B Adelth. B AN Aoz ujFo B%E w, fucoidano]yt
negative control 2 positive control 257t Z& ZAE Holx k. E A FY A

S8 HFo] Hghe W, ojnixit A8 JYA A3HEFH uIVHAE oWF 21l

e
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oAl 4% Aoz AN Gy ol BE EAE B AT AFVOE G
£ e Ao, G Y T o8 43 Y Vet Yox AFech

4-2-4. ] vl E A3}

FA &F 40058 ASEEA dixT, FAAAETF, fucoidan 05% B 1.5%A 2T,
Silver light 0.5% 2 15%A g7, @9A-2F 2 Kelp meal# & Tl sl 1, 3, 65
FU PAE FE 8T 3WE AAE JANA FEIoE F FU|E A&,
8,000rpmll 4| 5% 7t homogenizationd ¥, %74 (Total bacterial count), 3AH4=(Lactic
acid bacterial count) ¥ w34 (Coliform bacterial count)®& 333ttt FAY 27
Fore AZTER ATE ZAolE YA Fgted, 22 AT 27 #547 F
< AL 27 AR FF BF i AAACZ A 3FHREHE A Aolg yE
E AEH [ it e FoT9 ¥HIe g ZeE ddd
O A FeE 2710FA) 2ATY AFqE oyt vEd 53 dx{ F,
fucoidan, ®19, Kelp meal5 9] H7} Al, 7] o] & Qe A4S ey oy
AF 3FH o AEA U 2ATF 9A AY Aol7t flgol Fels o
dEF FAE R HxH FEEQ fucoidanAH @ A, A U FF AFAole AT
A7 flgol AT £ tiFFFE T3 A FolE Yex esich
E3 ALY 6% Salmonella ATFFTE ZAsg o, FAANA AHSEo] Salmonella
o ZEe SAe 2a=Xx g

=
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&
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Table 18 Effect of feed additives on Digestivity of broiler chick

Treatments
-C +C FF SS M K
Crude
protein(%) 99.59+0.08 99.60+0.04 99.63+0.05 99.47+0.15 9954+0.12 99.55+0.11

Crude fat(%) 99731005 09.69+0.02 99.84:0.02 9966+0.14 9982¢002 99.83+0.04

Crude ash(®6) 99585010 9948007 9950009 99326021 9945:020 99.38+0.15
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Table 19 Effect of feed additives on Amino acid digestivity of broiler chick

Treatments
ltem -C +C FF SS M K
Asp 98.69+0.09 9872+001 9896001 98.88+0.15 9851+0.09 98.81+0.07
Glu 99.28+0.08 99.30+0.07 99.46+0.03 99.44:0.05 99.18+0.06 99.37+0.02
Ser 98.77+0.04 98.76+0.05 99.06:0.08 99.06:0.17 99.10+0.01 99.81%0.18
Gly 9867+0.04 9859+0.20 98.36+0.27 9846+030 99.00£006 98.69+0.51
His 98.60+0.10 98.46+049 98.64+0.21 98.79:0.14 9886007 98.31:0.27
Arg 99.03x0.05 98.85+0.09 99.21+0.08 99.13+0.06 99.22+0.05 99.20+0.04
Thr 9850044 98.79+047 99.17+0.09 99.14:x0.05 9241020 99.08+0.08
Ala 9898+0.14 99.14+013 98.88:002 99.08:0.08 99.20+004 99.02+0.03
Pro 99.24+045 99312045 9897+0.05 99.02+0.08 99.26+0.02 99.010.04
Tyr 98.96+0.23  98.74+0.07 99.25+0.11 99.03+0.26 99.12:t0.09 99.24£0.10
Val 98.82+0.13  98.90+0.08 98.98+0.11 99.00+0.04 99.19£0.12  99.06+0.05
Met 9951011  99.01x0.13 99.63+0.03 99.61+0.06 99.73:0.03  99.62+0.02
Cys 98.68+0.65 98.82+0.39 97.96x0.03 96.82+0.26 98.44+0.05 99.54+0.01
lle 98.93+0.07 98.94+0.10 9829+0.23 98.34:0.14 98.18+0.03 96.94%0.32
Leu 99.11#0.07 99.07+0.11 98.42+0.06 98.60+0.12 9832003 97.48+0.21
Phe 99.17+0.07 99.11£0.05 99.12+0.16 99.24+0.08 99.34+0.05  99.30+0.09
Lys 99.0410.02 985:001 9893+0.22 98.84:x029 99.07+0.19  99.00+0.18
Total Bacterial C{—*— Control Lactic Acid Bacterial Cou| &~ Control
o 9 ~ Antibiosis
S 8 —@— Antibiosi € ) )
S 7 s E Bl
g6 s, ¢ Fucoidan
85 Theee ||| E, St
1 3 5 ! 3 5 0.5%
s T el DL

Coliform Bacterial Cou| — - Control

~—8— Aatibiosis

e Fucoidan 0.5%

i Fycoidan 1.5%

~—#— Silver light
0.5%

—&—- Silver light
1.5%

=+ Seaweed

log No. cfu/ml

Weeks

—=— Kelp meal

Figure 10. Changes of viable cell count of Intestinal bacteria of broiler chick
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4-2-5. A &% Y villi &3

23E&F BAH] Y& RoZ ARHE &% U vilie ZolE AN 1, 3, 650 &
23S HEd A" FFE A 10mFAZ UL o] HEEAS 3Hd9
Micrometer2 Zol& FAsA1, HAH e wWE BIE7]  HdstdAE
3mmx3mmx3mmZzt o2 HHsd FHAEE F A 2 g5 A F, 4 23§ FAA
A&7 3 (Hitachi S-3500N)2.2 7kt 20KVAlA SAsgth. 533 ZAE Table
207 2o 53¢ Z#E B9 fucoidan M T E "G HFMe 21 Hojst F9H
o2 gA vetstoen, Silver light® Kelp meal A2 FollAe tiE27 2 FA8A AT
o Hs} g AojAEe Al YE Aoz HAHJoY, 45T BB A& Ho
B AEE fAsAe Bk B8 539 As9 #Fo] "ass 33X AFoM Frt
AFES & Part gl Aoz wddy

Table 20. Changes of Intestinal villi height of broiler chick
Villi height(gm)

Treatment
Weeks
Control Antibiosis  Rxdda5% Roddml594  Shver igt05%  Shver lightl5% Seaweed Kelp meal
1 200° 190° 230° 260° 220° 220° 250° 230°
3
450£26.46°  426.67£2082%°  400:1000°  406.67+32.15°  400+10.00° 45667+30.55°  383.34:11.55°  42667+25.17°
6 520£10.00™ 526672517  B0667T577  500£26.46% 540£26.46%°  566.67t20.82°  483.34120.82°  556.67+23.09%

Control Fucoidan

Figure 11. Photographs of Intestinal vikki of broiler chick
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O {74 Salmonella 5o A (FFa=5<l)

AFE 65779 A&l At &A9 Salmonella typhimurium & 6.6085x10° cfu/ml &
O 8 AFFA F 109 Fo WIE FHAS A, Table 203 Figure 129]4 R uhe}
Zo]l WA Ul Salmonella ATdFE 2T W37l A9 g wd, A, fucoidan,
silver light, |9 % kelp meal Az FlA WA ey Salmonellad] did T &7}
A&el AN eH, 53] fucoidand W F A FAA @A FArFol EAH HxF
FAE 2 E2F FEEQ fucoidan AtEel HI7F A, $A AuolA HAQvAEY
Salmonella®] tha FTFaH7t ade Aol FAAFH HERF FEFEQ fucoidans S

Atg] H7ME FE AAZAAZA Y 5o 7ldEr)

Table 21. Changes of viable cell count of S. typhimurium in broiler chick
(log No. cfu/ml)

Treatment
Day
Control Antibiosis Roddn 15%  Siver light 15% Seaweed  Kelp meal
0 6.6085 6.6085 6.6085 6.6085 6.6085 6.6085
10 6.16+0° 5.36+1.14° 4.92+1.10° 5.63+0.93 4610 492+1.10

Salmonella 4 &

—e— Control

—&— Antibiotics

~z Fucoidan1.5%
-~ Silver light1.5%
—%— Seaweed

—o— Kelp meal

log No. cfu/m

Days

Figure 12. Viable cell count of S. typhumurium in broiler chick
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e e 28% AFdA HEZR, & u97 EdA4 fucoidand FE39 2 £& L A
ZHU7TE 2YEte Bt vgo|y REoZHE 2% 4 YE fucoidand L E X

T HRE F&E RPoy, olF FEIU] AT 47189 vl &o] UF ®o] 280
ARHVIAZNE o877 vt Z2ES 4tk wEA 3APEqME AHugoem
FEE F e WEE LG HUT F dEFEEAM HaE G RN H2F
o 2HE FEFLEA B BEZE F2T + Y=ES 90 F AX[E 7
AAE=7E ZA E48 F B2 @7 £7]9) Qo] 60T/ =S 71gGsy 1AL FE
AAN7IE E87t dgH F&o] sMseA Y o] F HZFFE 3o JHEYE
A &5 fucoidang HIRT o3 FE&4 Bl HJolyoA Hed o Az
crude fucoidan©] V4. 2y e & GA © Yolrtr o|et Zo] B &3
crude fucoidan& AZEA|7IE H-&& HI37] Aste T34 illited] crude fucoidan$
FF5A o] g3t WAE FA FAHT. 9, o]E fuccidane AXFE £33
< W EAHEW FRHEHA Q) HWE) HxFe dRAES 21Uz AR A Ui
A 7154 ¢ AEFIA At olg 2L YHY AEE AdME AFT uigt 2ol
fucoidan®] o}F-8 FFo] $-Fiti % Frte AlEHIMAEZ FFE7] AstdE
7tAo] A of 7] WEo] FNI Hu Lo E fucoidan FETL F YE W O
sto] AEstaA A weby 2 AdFolME fucoidan®] F& A9 &9 % 323
fucoidans B 22U H7t F43te 4359, At Fvld ot 43, F villus
9 B4 R 9L 2880 WX e HESRY 1 3%¢ HAFHaA FA,

e el

=3
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g ok =(° <k

ot

5-2. Al 2 9y

5-2-1. AP ETEY As 2 2JAHA

£ A9 fucoidand] 7154 H/HA a3E B3] 8t FAF A5 dFHAEL
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Table 22. Formula and chemical composition of the basal diet

Ingredients Amount
%
Corn 55.21
Wheat bran 10.0
Soybean oil meal{CP 45%) 26.23
Corn gluten meal 2.0
Fish meal 1.0
Animal fat 2.66
Limestone 0.19
Tricalciumphosphate 1.69
Salt 0.2
Methionine 0.37
Lysine-HCI 0.18
Vitamin premix 0.15
Mineral premix 0.12
Total 100.00
Calculated composition
Moisture(%) 11.24
Crude protein(%) 20.0
Crude fat(%) 5.58
Crude ash(%) 4.78
Ca(%) 0.80
P(%) 0.65
ME(Cal/kg) 3,100

3,100kcal/kg® 3. B

H7hsA)

Fucoidan 05% #7}+(F), Fucoidan
3ty 3% H7HE F(FE) R A=
ned 21078

F3td AAR A, AFTH A

g &3

Yol & 6AE 3w

ore
1d

uggs agE dx

-Control(C),

HhE o}

Ty w1

1554

A+E
positive WETEA ZIAAZ
ZZ A9 jllite® &, AZ

B AEE Fagel ol AFBAE YA BYol
sHAge UF 249
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5-2-2. ZAZE 2 =AY
7hH SAF, AT R A=L TS

ANEETEL AF7I% 5¢ & B8 T 7t dAFoR gTo|Gmx25mE & 52
BAtel F&3te] B3 AR E ARHAES stAon, ARAAZE ASFATAAN 27
< At TR I, AT FAL 359 657 FA 4 AL FA BN F FA 8t
FTAFE T AR TES AY A V1% T ABAATEE F FATFLE Uy
T3 .

W) WAFA 2L villi 2ol £33

AFAE 3T 6573 FE A, AT A A F 4 AT F AT Sk
AAE 574 Adstd 29, 2% 2 99 FHFS FAH3E AAEE A F(1,0002)H
4 $F R HolE Fd3t T A" FTAHLHAE NESHA] £ AdFE F
ESAUL ol E 10% E2TA| nAse F3 dujF @ AHREAT. BEEUA B
FE ANEs TAHY HHoz FE£F5ZEY9 embedding ¥ F, microtome(Bright
instrument Co LTd, Clinicut 60 cryostat, England)& AF&3le] 8m W9l AHEHS Ao
hematoxylin-eosin(H-E)@ 4-& A3}t Villie] ZAele #3@u o] micrometers
st AT F ) BE oS BRI HFANE TIAT

) B M RAE A

A HotE e 3Fa e 653 4 A D 5574 FAWAA FEHeR MEFHL, B
FE AEdgen, ol& 8000 mmeE 5EF TA3 (JANKE & KUNKEL
IKA-Labortechnik, Ultra-turrax T 25, Germany)¥ 3, %@ (total bacterial count,
TBC), RAt# <4 (lactic acid bacterial count, LAB), ™% T4 (coliform bacterial count,
CBC)$} Salmonella typhimurium® @4 (viable cell count)® ZA3dt}. Salmonella
typhimurium®] Ad5E 348 A BE selenite cysteine brotholl A 38TColl 24A]17F wj <k
8t} Salmonella shigella agar S} Rjo] £, 38Co| A 24A17t ¥l & MPN 3 &
T3t Al e, FF S (total bacterial count, TBC)E 3@ A|REE tryptic soy
agarol Al 38Tl 24X17F 8l ¥ colony & &Asle T, RATS(Lactic acid
bacterial count, LAB) 34 ¥ AlE& MRS agaro]l =23t 38Tl 48A17F sjds ¥
4359t AT (coliform bacterial count)E 34 € A 8E Violet red bile agardl 4l
38Tl 2477 W% F A 3A
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) §2x4e AAE9 A B>

A9 4 279 42(3% 4 S5cm B9)E HEsto o2 25% glutaraldehyde <
of 2A17t A28 % ¥, 0.2M phosphate buffer(pH 7.4)2 A& 3 & 2N NaOH £
A8ttt 3~7Y4 $F 2% osmium tetroxide® 2417t TR E A g AQAAAN g5
T °olE  tert-Butyl alcoholZ X3% ¥ ZAAZ dgow, Au-PhbE FYdHd
7HEA]E 20kVl A FALA A A ) A (Hitachi S-3500N, JAPAN)S 2 Villie] & &%
.

A) 23A0Y R GRE o §8 34
A% O18EE FHHY) A% AFAY o $WY HYFEE 270 A% F
st} 853 AR g 23N SEZ o) §edth AANGL A%l 33 A 8

e

At 712be Fow, uALY SAANE 24X BE A ARE o] &5
o 299 R HELS &H AASGeH #& 5% HCIE st dry ovendlA 6
0CE BN Axdte] AFate] g AFE TR FANHR BANA 2 &
& FFE 7o o8& g3t B2 A AE7IR $A ARAH AR ARTF
T F 672 AYT 3%, 98 G 154 F 185E FASAL APA dojA AgE
AOAC(1990) 93t E43tg 2o, oJUR= bomb-calorimeterg ©]-€3 FA&A
o SF29] 28 ANE tge A 9t P

o
=

Jl}l

[1

O]

238(%)= A8 %4 TF-(EF 932 FEF- UL F2)/AA8 92
ZF=100

5-2-3. 49 2 1%
7 A4 A

= AL AU o2 FE3 fuccidan? 7154, & 23 o A 4F& Zn
= villie] FefEH #F % W WA U FTFEIHS LAY Aol & =
o] AESIA ST B2de Algd o8 7tx] Pe9) fucoidand 3
"]'%b“ A& Table 239 2t}

tlo
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Table 23. Effects of various fucoidan sources on growth performance of broiler chicks

Initial 3 wks 6 wks ) )
. . Gain Feed intake .
Treatment body weight body weight body weight (@) (@) Feed/Gain

(g) ) (g) £ £

-C 39.8+0.2 700.0£33.7 1719.3+93.4 16795 5206.4 3.10

+C 39.6+0.7 721.0+£21.6 1746.3168.9 1706.7 49835 2.92

F 39.0+15 725.1+44 5 1819.9£49.8 1780.9 5164.6 2.90

FI 39.8+0.8 720.4+439 1785.4+53.6 17456 51146 2.93

FE 40.1+0.3 685.3+22.0 1707.7+64.2 1667.6 5136.2 3.08

M 39.0+0.9 682.9+56.9 1703.0+52.6 1664.0 5081.8 3.06

Z7] 35 FAF

tio

B FAAE HSRA g -C F(olF =)o H|stef &
BAE Hbe + A fucoidang H7IF F 7 illiteo] fucoidang FF Azl FI 79
TAFl FH ez A vehd WY wdEwe JlLEHE FE 7o mEeEd
7td M T dEzTo Hste ¥ AR BJ 65739 A o 93101’\15 F 7%
FI 77t 7k ¥o} 3539 A% 549% 24748 BdFUY. AR o2 F FAFL
izl vt C 7, F + 2 FI 77} gton, FE 2 M 7+ 23 ¥e 23S
JEboh AR AFE dixTo bty C Fato] we A na Fow, 1 o9
g A@TelME dzTo HAFY £ AP 1A FUT AdHHo2 A5FTLL
=79 3109 Hlgte C F9 292, F 79 290 2 FI 79 293%t0] $+3 58¢
9o, FE 79 3083 M 79 3062 wma "ojxx Rog vehoh

jatd

fx

H) g FA 2 villi Aol

A FHY fucoidans 377 HHAT BEUY 2FFA, 2% villi 2o} 2 BAEA
¢ ZAFAE FAY A% Table 249 Zo}. 7h5d AFo FFo] & P79 5%
< A7) flste] Jbed B4 AT ANE AEsd ogden, 4 FI:
1000g AFE 7|E22 Fste] AAGAT 2FFAE 2T} 169g22 713 ¥k
2w, FE 77} 9192 7b¢ %A velgd. 2 99 g HNgTFE 8lgolr 87g2 A9
H3 sk Villi dol: tETFY 39%5mo Hlstd +C T 4500m, F T2
469.5m R FI 79 509me] #9)&(P<005) 2.2 ZJAo FE 79 M 7+ Z42 4042
m R 369.1mo2 2] (P>0.06)7 YEIYA dkth B FAE tx2TFo] vste «C 2
F7EHx@ W FI 7, FE 7 2 M 7& ¥4 £& 23S By §94¢ #
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ol YeER &Sk
(P<0.05)2.2 Egkon, 1 o]9e AYFoNE
&& B

@9, 249 A

H27Q 27 ¥stel FE 77} #2179

3]
73

FHA el (P>0.05)7F fo] 2

Table 24. Effects of various fucoidan sources on organic weight of 3 wks old broiler

chicks
. Intestine Villus . 3

Body weight . Cecum weight Crop weight

Treatment (@) weight length (e/kg BW) (a/kg BW)

g g
(g/kg BW) (im) £ £

-C 6835+12.0™ 769+ 4.0% 395.7+21.9° 7.65 +1.20™ 41.7+¢1.3°

+C 687.6+13.2 83.1+ 3.0 450.0+26 5™ 777 £1.01 445£15°

F 694.2+10.7 815+ 6.7 469.5+29.8%° 768 +0.47 49.742.9%°

FI 6919+ 8.7 87.3+ 6.4 509.4+30.2° 896 +0.27 46.6+5.1%

FE 687.1¢ 6.7 91.9+ 32 404.2+29.9° 10.61+2.49 55.1£6.7%

M 689.6+ 9.8 84.1+12.4 369.1+19.7° 964 +1.45 51.0+4.2%

Table 25. Effects of various fucoidan sources on organic weight of 6 wks old broiler

chicks
Intesti illus
Treatment Body weight (g) WZngt:ce IanL;h Cecym weight  Crop weight
(e/kg BW) (@) (g/kg BW) (g/kg BW)
-C 1763.3£20.6™ 72.2£2.0™ 530.8+52.9° 6.68+0.83" 36.9+3.5™
+C 1750.0+37.4 75.4+3 5% 552.5+23.2%° 8.05+2.83 36.6+2.9
F 1720.0+32.7 75.9+0.8% 558.3+30.6™ 7.42+2.07 39.1£2.8
FI 1753.3+24.9 779+1.1° 5785+31.2° 753t1.92 35.0+1.0
FE 1731.516.3 75.3£4.0® 536.7+23.1° 9.50+2.07 38379
M 1733.9+37.7 64.7+45° 506.7+25.2° 8.41+1.14 39.9+05

o8] 9 fucoidang

657 Tl

+ Table 25¢ 2t 239 THFE M

o2 7+

FE HeEdd. Villi doje

F
ol

FANLH, 12 oY HFgT=

3oy M e &
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o W% FE 79 M 771 e o vustge A uud Egou 4949 3
o UEA gt B¢ 2AFFE W33 N5T AL RIFYU

) BRI E

2 AN e AE 657 358 2 6549 SAZRE H7E 3958 AANE JPA
A FaHoZ BAe FHEslo] 8000rpmol Al 5%7F homogenizationAl 71 ¥, & F < (total
bacterial count, TBC), &4t (lactic acid bacterial count, LAB) ¥ t#a<(coliform
bacterial count, CBC)E &4t $AAH Fa59 A5, E=F(0) v&] A A
oM 22 F£XE Uehidh 2485 2 d3dse dz2To ve A AT
O 22 A% Udehided, 2 Aozt SolAd FF 9 WiE ¥ Ax9 §9
A (p<0.05)atol = TEHA gt

ES Salmonella®] AFFE FHGPoU, A A FolA LAHA &gttt

Table 26. Effects of various fucoidan sources on microbial count in broiler’'s

cecum(log No. cfu/mL)

Treatment 3 wks 6 whs
TBC LAB CBC TBC LAB CBC
-C 7.00£0.65 7.40£0.12 697010  7.04+0.22 7.34+058  6.75+1.45
+C 8.28+0.37 6.68£0.36  5.14+0.14 830+060 6.61x0.20 6.51+0.80
F 8.60+0.30 6.91+0.03  564+1.00 8.18+0.44 6.90+0.53  6.21+0.37
FI 8.82+0.30 6.74£0.13  595:035 791085 6.24+156  6.32+1.24
FE 7.64+0.28 8.28+0.72  7.03#0.14  7.33%0.73 7.89x1.37  6.86+0.58
M 767+1.16 8.60+047  6.49+025 752034 768042  6.78+0.44

TBC : total bacterial count
LAB : lactic acid bacterial count
CBC : coliform bacterial count

T NP9 AN 3F 9 65 ARE HAY F 29 FHFREY villi FE
& AAET A @& (Figure 13)7 Gl o FAn A @2 (Figure 14) 23
olty. ZHlA B Hie} 2o fucoidand H7F FA® AE T illieell fucoidangd &3
AR Fi e F villizh the ATl ustd dAsA 2eE AL & F Ak olst
2L 2F%E g 2 A8 Jd4 4288 W BAV ZE Ao FE 4FdT

=~

- 396 -



W) 249 4498 =

Figure 13. Scanning electron micrographs of intestinal villi prepared from broilers

—C : Non-charenged control, +C : Antibiotics
F : Fucoidan, U : Undaria pinnatifida

Figurel4. Micrographsofintestinalvillipreparedfrombroilers (HE stain)

-C : Non—charenged control, +C : Antibiotics
F : Fucoidan, U : Undaria pinnatifida
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AES) JU% 238 67 AFAYel TR F FUD AR 277 ALIAT T
37 £ANRE FHAATG. 4IPS T Do AN T WF FFL 43
X

€ Z3E Table 263 Zth HEAZEL gzxTFd Hlstd +C F, F 7 2 FI 77}

B¥E ugen, M P 288 %& A¥E Bt duA o8& gxTo
7341%° st +C T, F T % FI F7F 7}z 75.17%, 7563%, 2 7538%% fF93Ho
2 wstou, FE 79 M 7€ M Z ot @92 4388 gzTo vato +C
T, F 7 2 FI 77 fedez ggton, FE 794 M 7t H£d Z ot whd,
AEEE g2ye +C 7o Hdd & NYF BFIF fHor FA vegh
°jgh 2 AFA:e M= AFE Hl YXol fucoidand H/MH AARE HAFLEA
B viliZh 22EI T, ol AfHoz B gAY A 2ol dFL o]&eS
E9FE 29E & & AU

Table 27. Effects of various fucoidan sources on nutrient digestibility of experimental

diets in broiler chicks

Treatment DM(%) Energy(%) CP(%) EE(%)
-C 73.01+0.38" 73.410.55% 89.99+1.84° 59.73+3.93°
+C 75.27+0.25% 75.17+0.05* 93.290.37° 66.55+0.40°
F 75.10£0.07° 75.63+0.89% 93.05+0.32 78.80+3.34
FI 75.3120.23* 75.38+0.03* 92.52+0.96* 78.12+1.91
FE 72.15£0.05™ 72.99+0.15™ 91.22+0.52" 76.15+1.84°
M 69.10£0.17° 71.07+0.33° 89.62+0.03" 78.27+4.49*
u}2hA ATy AARE F339 o, fucoidan®] villie] 4FE& FIAINE 75

& 23 Qv Ao WH AT $9 fuccidans) FEu 4L WEty]) HF AEFEHol
He = & Byt o}y, Axu|LL Hoksr] Y§ illite
A7le B E fFaEste 2o 43U

il
ol
e
A
B
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o oolF FH]de wEz A HxFd AAFe] FF3] FUlEEd. dHxFoe

heparin®t Z& & A& &3 3 ¢ &S st AIUH E4o vl 44984

B39 fucoidang T+ F3tn Yoz B3 HAA HAZFE o| &3 NEFH oofE

Aol AdE Hdo stA e, delgd B4 fucoidan FF Fo I At 4&3
dojutA] kol 44 EAE dFEHT YUk

AzFAA PBY B & Fo 2 RABSAE AR 47183 A2 a9w
A

29 fucoidano] #&E3& ¢t} Fucoidane 2 &9 A& &&& A= FE& 3
24 9

H
o) ¥ol Hulz Ag Al 4B FPYF 2L J1E: WA FEe BE 9wl TF

A azFo Y2 uEe FF oF4AA ¥E AS EYF AA FHE 2 A
of A%4HA FFol F "ad Aoz AAo] Frhste £ HAES usdes I
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2. A5 2 34

ANEE 434 722 APHAen o 04 A v&3dnh B, ¥4 34 A 1Y

Ty

1-28]9) ZFEHQ wke §3) 718 FASEA FHuFE AARHh 7E A A

4. A8 A=

Table 1. Characteristic of material

Moisture(%) TC(%) TKN(%) NaCl(%) pH EC(mS/cm)
Byproduct 59.60 26.46 0.45 10.54 3.24 19.50
Saw dust 26.58 40.07 0.32 - 7.66 0.20
Swine slurry 93.88 3.94 0.32 - 7.62 8.80

Table 12 AYPAE 0|38ty o2 & RAE AL Fyltd Hlg TC o] ¥
O

[e]
< ¥ TKN %2 045%2 ¥ dehdon, pH7t 3242 wij¢ Wty AxEE
1950 mS/cmZE v]¢ & AoZ < HYYY.

O, Ay
T8, NaCl € #7182 e v g BAdd &3l 2289 2ed, TKNS Kjeltec auto

sampler system 1035 analyzer, PO43-& AEFAEA7|, &5& TLOGAS2E7|EA

(7}E.%), pHE pH meter MP 220(Mettler Toledo), E.CE Multi-1230(Orion) 2.2 &4 3}
At

3. 43

431 A=F{F(R) 7He FAEQ {7] vl s #d AT
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Table 2. Characteristics of materials

Moisture (%)  pH NH4—N(%) TC (%)  PO& (mg/g)
Byproduct 56 2.87 ~ - -
Dried byproduct - 3.08 0.213 50.2 % 1.4
Slurry (swine manure) 97 8.56 0.247 3.74 % 349
Saw dust 6 - - - -

Table 2& £ #41E8wte B&37) 753X E Fo43dt7] st E4& £4% 242
E B89 pHE 3#F 2872 73S Jehdidlen 8L 56%S UEst. o2
¥ BAZol ZAA4E du glgd wE § RAERS o83 FUlHEI 2l S
g = dgded, 2842 ¥538 Y8 pH 2EA F& AHgste AEE T4 F

F e ¢ 4 Jddvh 23y NaOHS S ©) &3t pHE 645714 &5

% NaOH7} 96g°] 42853 =3 pH 679 &L o] &3t Al

il 93 acidity® ZAAA pHE 558 AsA7l=ds F2 oF 90v]e] 340 e

& Aoz Uehdol wat £ RAE Y pHE ZEde ¥5A7E WHE Hojd Gule
o] 2888 ¢ 5 YNk

188 24371 sbesit @xEE £ B4R A4, U459 ¥E

A9 frH8E AGLEH e A d& Aoz ASHIAUG

A7)

K
)
=
f
i
t]
mlo
23

< +r

22 Aog FuHo 7|FL 1) =L akalinityE 7R A& A, 2) F FAEAE A
& A29E Bo| 7Nz Y3 3) FuHeR E RABdE & A=
AO2 Aste] AAEAS A% A £ BuUt AP Ao
i) dwrEd B4 Table 201 YERYAT

2) vl H7t
7E AN3dd
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Table 3. Mixture composition and characteristics

Mixture S(::rLr)y (Dm\g Bypzz;iuct dj:(vg) Mo(i;t; e % / total pH (value)
| 700 0 817.6 0 45 54 4.9
Il 700 0 | 672.0 0 47 49 5.7
i 700 0 477.4 0 60 41 6.9
v 700 0 477.4 178 53 35 6.5
\ 0 700 672.0 0 55 49 3.0

(Mixture II, III, IV, V).

U 23

HAx z20& 7E EFE I I IV, VE B&3hsie 59 4 Aste 33 dE
HEd 7tNE BEsy] Y8t 219 B¢ BE U1 WHoR FESATIEAM dd
parameterE¢] W3 E monitorstT HF AH9 HEIXE FrpEtgh HA2E =23
E 23X B2 EFE VIE B4 2E A AL dRTE o] &3EA X FAERS
R2A7 Al WMBtE sersly] % Rolltk B4 #H Fo WHE obd Fig. 1, 2 3,
4, 59 YESITE Fig. 12 ZF Ml 7d gRYold A4 ¥z 27 ¢EYe 2
29 oA A WA Gyt FEYold FAae] Wyt Wol dojuA & 7HE
Z olfEe gEYotd Fao AAsEn FEY A Zo] AP wWREeolH ddd
o stAW, Az e A gryely Aol WEte I I IV 2F §4 7]k 2
o] wel P gastE Ro2 JElgY. Fig 28 Hg 7E U4
AT I, 10, IV, V 25 ozte] Aol dojgon fig. 13 wartx2 £7] Aitd e
FEAAM ZA HoluA &tk AZ AN AXFY FE A A WIHIE el

O:

f‘-.~

AR AL B # 4 Y=y o) ARAL Hulgul A AALE Aol o 27|
Qo] ASHoz &Py WEos WUAY. Fig 3¢ AETE FEFFZ I



AATh Wb, SR Fo) GEHgE 60% FY FEY A 209 AFdd g
GA7 ntEEEE AL FA & AU Fig. 45 A7 TCH#F Wz 5d o)A
ot TC o] #4F Wi 59 ofF %

Z AeolMe TC &%& Yed B 94 3&7)7e] §4 4 Frhste Aoz vF
Hol B 7|7t5et Sud nAE B FEL dojuA ¥Rtk Fig. 55 AT
TKN ¥3s %4 34 F Bxg FA I, 1L VY TKN &2 A3 doste A=
Uehstth ARt Az AEdA e TKN #3te 27 e ez gy &3 5

500+

-
=

NH4-N(mg/g)
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8 8
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=

=)
¥
»
E3
K

L

Figure 1. Change of NH4-N (A: As—fed, B: DM basis)
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Figure 4. Change of TC (A: As-fed, B: DM basis)
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Figure 5. Change of TKN (A: As—fed, B: DM basis)

Table 4. Characteristics of final products

1l M v Vv
pH 5.23 5.76 5.68 2.99
Moisture(%) 36.94 36.86 34.79 48.74
TC(%) 56.38 38.25 44.16 32.88
TKN (mg/g) 22.23 21.11 20.22 13.23
NHs" (mg/g) 2.50 2.57 2.33 0.14
NOx- (mg/g) 0.12 0.11 0.08 0.09
04 (mg/g) 1.85 1.69 1.51 0.75
C/N 25.36 18.12 21.84 24.85
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Table 5. Mixture composition

Run | Il I

Slurry(L) 17 17 17

Saw dust(kg) 23 23 23

Byproduct(kg) 0 4 8
Total (byproduct ratio) 40(0%) 44(10%) 48(20%)

Table 6. Characteristic of material

Saw dust Swine slurry Byproduct
Moisture(%) 44 .85 92.86 63.13
TC(%) 52.07 5.52 25.31
TKN(%) 0.19 - -
pH 8.72 7.39 -
EC 0.38 - -
NaCl(%) 0 - 10.54

Table 55 49 A% Edz E £93 ke B BVhed EF ¢ F £ 34
B4 0, 410%) 2 8(20%)kge Frtste] 209z 1Y 23] wutstAA EH &k
Table 6& A QAR o533t SHo2 B4, & $ix, ¥ FUES FrEFe 27

4485, 9226, 63.13% 2 AZXHA ¢ EL Agdgen, TCHHFS 744 5207, 552,
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Table 7. Characteristics of final products

Parameter (%) | il I

Moisture 64.20 65.00 63.00
TC 33.80 32.00 32.60
TKN 0.36 0.42 0.55

C/N ratio 94.70 75.80 59.80
T-P : 0.18 0.17 0.15
NaCl 0.06 0.94 1.56

pH (value) 7.98 7.85 7.94
E.C (mS/cm) 0.84 2.56 4.37

Table 7 20¥% ¥4 3o HFAE9 Aoz [ I, I FEFZFS 47 6420,
6500, 6300%2.2 b} The ¥4 §482 2 4 Uk Fig 6, 794 BE A% 2
of LEWHL B& HF BU HTOYAA BF FEHAT FRYFL FE9 Fad

Ak AL HFARY FRFFH] BA D AL 27 FEFF] 68% ¥ =

4 FR3Eo] Hulz 74 dASE T AL e, 27
FE 667%NA % 159 B2t 632%2 o 35% HAaAZ vE 269 FollE 475%=
F2438 #2293 Bustgo. TCHF 94 3380, 32.00, 3260% 22 HEY AT ]
I, II 2% 23 TCY FFe & Aol Ho|x Fskch AT, TKNY dF X ¥
AHES Bo] Hr g wet wEFes A5sto 247 036, 042, 055%=2 UEY A E
Mol A 9] C/N ratio’} 59.802.2 7} @¢tth. Fig. 6& A@7|7 $¢8 2= W32 A
HAZ T 59 o]Fo] SE7F A A4dtd 40CE EF ¥4e Aoz eyt o
5 257 A%ste AL uAEREYH J|d9 Adas e o 2E wkgo] Y
g 232 wdygy exwgo]l AF [ I, Il BF dojd Ao vFo| Ko} ujiF
g4 g2Pd Aoz Ve E 47 20% AT MAE 2=240] dof
344 QY9 Reg Ao, Fig. 72 AHZ7E 5

U B BAE o njAE
RSt R4 U7 B FRAAE FEI oot 1 W3 2 5% dHeE A
2 F%th Fig. 8¢ TCe wagz %% 27] TC §Fe 44 30, 28, 271% & #H

HFAE TC FF 338 320, 326%2 A5d Ao Yebgh Fig. 95 A&74
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Figure 6. Change of temperature.
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Table 8. Mixure composition

Run | 1l
Saw dust (kg) 12.2 12.2
Byproduct (1) 2.33 -
Byproduct (1) - 2.33
Swine slurry (L) 17 17
Total (byproduct ratio) 29.2 (8%) 29.2 (8%)

Table 8& composting 3171 918 wFH|E2A & FHL 202%g olden, olF 8%<
233 kgo] & HALEo] ALRHYTE Run I AL4¥ ¥ H4E5& HCIZ AT A& A

435 ed, Run e FAEFY RAES AHSSAT

Table 9. Characteristics of materials

Moisture (%) TC (%) TKN (%) pH EC (mS/cm)
Saw dust 28.90 67.64 0.45 6.6 0.4
Byproduct (1) 59.66 27.60 1.32 3.6 19.5
Byproduct (1) 79.30 17.53 1.29 5.4 3.1
Swine slurry 91.79 6.27 0.32 6.9 8.8

* Byproduct I: HCl A&, ** Byproduct I, 8% ¥

Table 95 A& o|gsa ENoz ¥ RAE [ ¥, TC, TKN #Fe] #4%
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Table 10. Characteristics of final products

Parameter (%) Run | Run i
Moisture 54.81 59.69
TC 40.37 37.04

TKN 0.65 0.51

C/N ratio 62.59 73.20
NaCl 1.12 0.32

pH value 7.08 7.72
E.C(mS/cm) 2.71 0.77

Table 102 20¥ composting ¥£9 QA2 Run 19 EH|E F8, TC, TKN 3ol
77y 5481, 4037, 0.65%% YEREO™, Run e ¥, TC, TKN ##Fo] 74z 5969,
37.04, 051%2 Run 1A FE, §718, A4 9% HujEFdo] 43 ez Yey
ohoStA T, B RAE HsE M) 8%E A Y 204 fEE AFE F AP 3N 5
£ NaCl §Fo] F7tste A4 A/ g 8%z AAT HolAeu Run 119 Z-vol=
8% A7t Aol NaCl §%Fo| 032%2 W WA &AHA wet 8% o4& At ¥ +
A& Aol gudch & BAE ArtFel FAY A4 £7] TKN & =4 + 39
AF 45 TKN &3] 3712 5 A& zlelgt wddth old wek C/N ratio HA
A% 2od ¢ 32 Zolth wWatA Run 119 Zo] dF-AdF %

Aol HuFAE T A F J& Aol AdHy £, £ #ilE
=

Kol
=
F& 29 A% AF Hulel FRYFS 23] 5y FAL O $59 A F AL A

=3, #8 I3 119 pHE 27 708, 7.722 Yetxtern], ECE 27 2.71% 0.77mS/cm
2 yeigt o @ A2 uFel & o YAY Hulo B ) Ay A AEE} W
Hu) 7} o] EZo B EY VS 29 5 & Roldt #dEHY, pHIL o &
B2 A% EF Al 9ol buffer AT $5
AME AT s 2L wgoz A7tFe 8 AHgsts Rol ¥ FAE9 £712 vl
2 Aol 713 & welatn 4Z4@rh
Fig. 132 TC #32 AT L I 27] TC #§F& 30% T2 ¥ =aA &4 Fel
wet f71% FEol ol ® £ HeFHol g A¢Pw 27] TCY ¥ 2A
% Ao Jeygow TCY ¥yt A4 A4t AF A2 TCe AT 3 19
A 2tz 4037, 37.04% % vEbR T B8, 2T o)A tha WA vdehd RE AT I
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Figure 13. Change of TC
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