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Abstract

For the utilization of seaweed (Capsosiphon fulvecense, algae) powder as an ingredient
of bread, the quality of bread made with different concentration of seaweed powder was
evaluated with physical and sensory properties. The powdered algae was shown to have
crude protein content at 25.38%. The major minerals were identified with calcium with
8.38 g/kg, potassium with 9.5 g/kg, and magnesium with 5.6 g/kg, which comprised to
19.08% of total mineral content. Amount of essential amino acids content was estimated
to be 835 mg/100 g. Content of essential fatty acid was found to be 27,25% of total fatty
acids. For the preparation of bread added with seaweed powder, the addition ratio of
seaweed was set at 3, 5 and 7% versus wheat flour with same ratio of other ingredients.
L wvalue, lightness of bread, was proportionally reduced with increse of seaweed powder.
However, b value, yellowness, was increased with the addition of the seaweed powder.
Adhesiveness, cohesiveness, and springiness of the bread were reduced with the addition
of the seaweed powder, however, hardness of the bread was vice versa. Texture, flavor,
color, and overall acceptance of the bread added seaweed powder were shown up
significant differences among all tested groups (P < 0.001), that is, more seaweed powder
showed less favorable texture, flavor, color, and overall acceptance. Although the bread
added with seaweed powder showed a less preference compared to control group, the
bread with 3% of seaweed powder was favorable to other test groups, which might have a
potential for the commercialization of functional breads using seaweeds.
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H Ao #sf wxd d7EE # By, 5
T 7MEE #H7M AWM (Kwon & Ahn, 1995;
Cho & Lee, 1996) FHHIAE o] &3 4" (Bong
& Seong, 2003) =3}, £9 FEE, Y 2% (Im
& Kim, 1999; Kim & Kim, 1998; Kang et al,
2000; Bae et al., 2001), kA v7FF H7HKim et
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U7HE 100g, A% 25g AFAAR 4g A 2g,
52 &7 63ml, Aol A7l wel 65ul,
67nl, 69m A Z+zh Fulstal wjAde] e Wb
2 g 0%S URToZ F3 3%, 5%, 7%A
A71ete] 100meshA 2 A A3 WEH(ATH
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E2a F ks 2a 4 42 Rheofer-
mentometer F3(Tripette et Renaud, chopin, France)
2 2431921, Czuchajowska & Pomeranz
93} th. Farinograph (Brabender CO. Germany)

o 9 &A% FEFTE, HSFUAE, BHFY
AANZE, °F3lE, valorimeter valueE Rheofer-

mentometer F3& W= F45 9 7k2 B A
HE AR

5, 95 wigHld wet FAHE WS 480gs
2kg weightE AR&38to] 28T oA 3A3F &<k &
F 3} tHGobbetti M et al., 1995).

Hm (mm) : Hd 7= 0]

Tl (mm) : A Eold =Fste Azt

X (mm) : HFORRY Th2tE A2 AZE

V1 (mm) : Hd 7k A4 A7 712(CO2)

AAEFE FAsAT

(2) Y =2et= (Farinograph) 378

TEFTE MEUAE, WHEF4A3L, valorimeter
value?] =72 AACCH(A.A.CC, 1984)°] 2|3
Farinograph (Brabender CO. Germany)E A+-8-3}
o ZA3HA St (Irvine et al., 1961).

300ge] W7bFek wjge] Eee WIbE i
0% (=), 3%, 5%, 7%4 ¥ 100mesh# & A
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Ut As2e WIHE, A ol2E, ", &7
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control HH| 3%, 5%, 7%E 7}t LS =
Ao g A& A zs4

Aol Alxe A WHEHE ST 9, 200100
%3l table mixer (Kitchen-Aid model- 5K5SS)&
Agste] 2ol A 3, 3TAlA 5% HbE &

ok 1
3 7k wrlE S AYPstan WPt 50%
= <l

<Table 1> Ingredient formular of bread added
dried powder of  Capsosiphon
fulvescens (Bakers %)

Ingredients Control CP(3%) CP(5%) CP(7%)

Flour 100 100 100 100
CP -

Yeast 4

Yeast food 2

Salt 2 2

Sugar 10 10 10 10
Shortening 12 12 12 12
Water 63 65 67 69

CP:Capsosiphon fulvescens powder

_31_



4

ug]— 9]

100 : Sun Scientific, Japan)E AH&3le] 2wS

rheometer(Rheometer Compac-

Flour
[
Balance
[
Mixing

1st Fermentation
Punc‘hing
Divi‘ding
Rour‘lding
[

Bench time
Intermediate proof

[
Make up panning
[

| |

‘ 2st Fermentation ‘
[

‘ Backing ‘

| |

| |

[
Cooling
[

Bagging

[Fig. 1] Flow chart of bread manufacturing
process

A(2x3x1em) 3 & H 85 oA (Max.w), 52
d (adhesiveness), ISP
(springness), 7 S(hardness)& ZA 3% oH

A ZAE <Table 2> Zgkth.

-8 34 (cohesiveness),

JIN' oL

colorimeter (Minolta CR-200,

ovenoll Al 2W-g 7\l

F 2/ B A2 43 F 2:3xIem A7)
E Adsr FdFHAE 4 A7 B 103
e ZAste L(WE: lightness), a(FME:

redness), b(FM E: yellowness)#t< T3t 10
3] ¥ ZAE g2 SPSS 101 programe ©]-&
sto] 2+ AT BoEe ek

<Table 2> Instrument condition of rheometer

Condition
Table speed 60.00(mm/min)
Critical dia 30.00(mm)
Load cell 1.00(kg)
Chart speed 6.00(mm/ sec)
Sample height 10.00(mm)

+ &

A Ao FAEALE SPSS 10.1 program
< ol&sto] 4 AT Hagd mEHAE
TaAeH A AFSARE 95t «=0.05
T4 ANOVA test& AN ¥ Duncan’s
multiple range testell &3] A& 3t FoA HF

2 AAsg.

m. Zot &

1. ojadole| ofatatn 4

0
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59 WA E 24 B4 A3 <Table
ya

ujAole] R FHgE 948%E  TAnRY
11.9%, 29 11.5% 2% AA desed o= A
2o wE Zolzty AT ZuWAdS
2538% =2 719 3B8RETE AU ThA vy
87%HTHE A8 woky, AL 225% T
Amkel 12%, 7ol 06%RT ZF Wokth %3
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<Table 3> Proximate composition of Capsosiphon

fulvescens, Laminaria, and Porphyra
powder (%)
Sample Capsosisphon Laminaria Porphyra
fulvecense
Moisture 9.48 11.9 115
Crude 2538 8.7 33.8
rotein
Crude
Fat 2.25 1.2 0.6
Crude
Ash 7.08 224 8.7
Crude
Fiber 13.42 34 4.7
Carbohydrate 55.80 52.4 40.7
K cal 291.29 241.6 284.6
. 18R
gl BEHsE 3|57 IE FrdE AR
Z24<S 4% A= <Table 4> 2t
F71&9 dEFe L4 (838g/ke), ZF (9.50g/
kg), U}:lhﬂ’\(557 /kg), ’:‘aﬂ‘j(012g/kg) 59 ¢
F Fhslel AR, okd, A, Yt 59

Table 4. Mineral composition of crude ash from
Capsosijphon  fulvescens powder

Sample Contents (g/kg)

Ca 8.38

Fe 0.12
Mg 5.57

K 9.50

Zn 0.04

Sr 0.083
Mn 0.083

= % 3 SMol Bet 67
OE ek dfrEol e AeE YEgt
o &4 e A&

<Table 5>¢ UEMA ule} Zo] wjAole] 44

2wty shekol Ao

L

nicotinamide 13.767mg
/100g, vitamin Bl 4.180mg/100g, nicotinic acid
1.734ng/100g°] =l ANeH, HET A%t
CE o0& Ffr=ollrta Husa 3l

Ee Hee

o] Pellagra® o"¥AAP, P-factor
prevenitive factor)Z AFAlE  HFEIQ
pellagrag fr'&3t7] wlZoll(Chung et al., 1985)
Aol & o] &3k AW 7led HFOEAM o &
7HA7E #0a AR E.

2l
: pellagra

nicotinic acid®} nicotinamide

<Table 5> Composition of water-soluble vitamin
composition in Capsosjphon fulvescens

(mg/100g)
Vitamin Content (mg/100g)
Vitamin B; 4.180
Nicotinamide 13.767
Nicotinic acid 1.734

2 opplwat 24

<Table 6>° YeRH whe} o] wjo]o]
opH| A EES 2447.69mg/100g0] AL, S B
GIx7} 513.43mg/100g= 7H4 B, Alac] 224.68
ng/100g, Arg 206mg/100g, Leu©] 183.98mg/100g
94 =22 g dow "y ot FF
> 858mg/100g= frelofr|iat F7el 35.05%%

&

Ffeka 9E o vheht Aol Yosty
FA2 g st AF gld Ao o
48 7HA7F 203 A"

nf Ak 24

<Table 7>¢] YERd H}S} Zo] F= A ubake]
FF S C16:0=23.0%0] AY o] FfHol ¢

a
C18:3=20.09%, C18:0=9.87%, C22:6=9.09% <=O.%
s AR
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Table 6. Composition of total amino acid in
Capsosijphon fulvescens

I I

Table 7. Fatty acid composition of total lipids in
Capsosiphon fulvescens (%)

Total amino Composition Contents Capsosiphon

acid %) (mg/100g Fatty acid fulvecense

protein) Contents(%)
Aspartic acid 6.36 155.67 Caprois acid(6:0) 0.02
Glutamic acid 20.98 513.43 Caprylic acid(8:0) 0.03
Serine 4.57 111.90 Capric acid(10:0) 0.11
Histidine 0.89 21.70 Lauric acid(12:0) 0.45
Glycine 6.45 157.79 Myristic acid(14:0) 1.68
Threonine’ 5.40 132.23 Palmitic acid(16:0) 23.90
Arginine 8.44 206.71 Stearic acid(18:0) 6.46
Alanine 9.18 224.68 Arachidic acid(20:0) 0.70
Tyrosine 3.77 92.30 Behenic acid(22:0) 3.75
Cystenine 1.75 42.96 Palmitoleic acid(16:1) 1.64
Valine’ 6.91 169.11 Oleic acid(18:1) 9.87
Methionine 2.01 49.26 Linoleic acid(18:2) 6.46
Proline 2.55 62.37 Linolenic acid(18:3) 20.09
Phenylalanine’ 5.02 122.85 Gadoleic acid(20:1) 317
Isoleucine’ 432 105.82 Arachidonic acid(20:4) 0.90
Leucine’ 7.52 183.98 Eicosapentaenoic acid(20:5) 421
Lysine’ ) 3.88 95.03 Erucic acid(22:6) 9.09
Tryptophan - - Nervonic acid(24:1) 7.41

* Essential amino acid

a8 BEIAELHCL6:1=1.64%, C18:1=9.87%,
C18:2=6.46%, C183 =20.09%, C20:1=3.17%,
C20:4=0.97%, C20:5=4.21%, C22:6=9.09% C24:1
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<Table 8> Expansive force of dough

<Table 9> The physical properties of doughs at
different fermentation step1)

Parameter”

Sample V1 V2

R
(ml) (ml) (%) Hm T1 X Tx

Samples Fermentation time(min)
(%) 10 30 50 70 90
Control 77 98 123 137 150
3% 75 85 107 125 140
5% 73 83 98 113 123
7% 72 81 95 109 113

Control 2284 2177 95.3 433 145 030 84
3% CP 2725 2657 97.5 454 180 0.25 120
5% CP 3428 3317 96.8 36.7 178 0.21 88

7% CP 3275 2732 83.4 32.0 177 018 70

AFNA 754 2AE Gl Az A

of AFEIeA TaFFH Y Aute] Fu]7}
#Ahste ASE Hyd ASZE gAnt 7FEH
7HKwon et al., 2003), A&7+ H7HChoi et

al, 1999), %27}%37HIm
7} #7b(Kang et al., 2000; Bae et al,
FEFH7 Jung et al, 1999) o] Bid uf gl
oy thAH o s Fau 2zt A A8
o] Awog AEFHT

a2 mjAo]l g HIbellA A
7b 3 v AARE JEd 3
A mEvtet Rgo 2 st do] 2~5m
T8 Jbea 2Fo] Reeen B A g
2 WwE F A3 97bFeke wsh Ag oA
ZFol7] e Ao

& Kim, 1999), 73
2001),

199
AR
o
L.

o] T

e wael el

o m o

9>9} [Fig. 2]¢} 2kt

<Table 9>o YeRH Hle} 2o
mentometerS ©| &3 WFEo] W F Rt EA
4% Axdes Al Fold =
2ol 1458, 3%T2 1802 713 o8 4
Hom, wisowRE Jt27l WEHI] AEG
AZHX)L 7%ol 0182 7HA whe] Uehgor
27 0%Tol 0302 71 =4 vhs&
Aok olisterA F ANERVY)S 8T A
= IETo] 2284 ml, 5%©] 3428 ml, 7%

H o

ol

D Fermented for 3 hrs

See footnote
? V1 : total CO, volume

V2 : retention volume

R : retention coeff.

Hm : heigh of maximum dough
development(mm)

T1 : the time(min) to reach the maximum
curve heigh

X : the maximum gas flow(mm/min)

Tx : the time(min) when the porosity of
the dough develops

3275 ml, 3%T°] 2725 mlE YETH 5%
FAY =A deEhd AL Ao o] &3 A o]~
Eo] %y HAYd wE FFoE ASHT

1}, Farinogram®| &

uj o] B2& I7EE iyl 0%, 3%, 5%, 7%
A% A=

oXx

£ H7Ie Farinogram S4&

<Table 10>} ZSkt},

FREFES Al

=ob4 F A7k 65%,
<Table 10> Doughs quality with different Capsosiphon

fulvescens  powder  measured by
Farinogram parameters

B bl Bess
Pz

3% A7 68%, 5% A

Samples Water Developmen
(%) absorption (%) time (min)
Control 65 3.0
3 68 45
5 70 5.8
7 72 8.0
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7Vt 70%, 7%BINE RRE 7% FFE FHE <Table 1> Yerd uie} o] £ %S 63
Bk ~ 69%& xAst H71el] Wizl Aol &
o] HPAAIZES F H7E Foll Bl 3% 1 T FEFFE QY ol HolxA Fa I
B 30%, 5% HA7FEE 3% FA7bEel HlE) 18 20 fo] oy WEE RedA su FFHY T
2 A=t ARFEAoY 7% FH 0 AE EERIY A4, B 2 284S HES
o A A SHAITe] dojA s AoFE Y Hrh

wet. g e ol A A o] B HueFe] 7% ¥ uf
£ 3% Bo} wE9] slAa, &4, 5840 Yo
Aok olAL Aol &5 ZFH FFo
dolx ZFd FA o FZH wigo] BT H
7heko] Bold g HAAdo| EoxE @ WE

ozt & 4 Uth
HEE 7OV Tolv Hub Fd Z}o) 7}

4

o
ol —
i
e
l=0
N

1 14, 23 %}E/\lﬂ& Aol A
ATE I olfe W] wE WAY A FPA
Bhe 5l %ol Uﬂ‘é‘Ol«l S 47tk w3t #
07 235 o]FE HRFo|7] YELE AR
Hoh. Rk mjAole] Hypeko] @oldE A
Aol o] WolAER ZFH FHFS Ta 171711
so] RE=e M E7F HolHA [Fig. 2]9 #
HaARY THE o 1 277 xRy QF
bAoA s 7] 4] YERRT
Aol & bk Aol @ 9 W, FoE
[Fig. 2]ell 419} Zo] 9 % Rule= AL A 93t
Seto 2 A olg B 4 gt a8y
| #Y3tA Eate] AZA EH o
£o02 WAEE ETe 23y o
S FUT A o] afo Mo
- BEFE A eyt
sliced breads w7 F WH3ls QB QoA Ao m o]
[Fig. 2] Externals, internals and volumes of breads vl sepdE, Sde) WAde v A%
with different  Capsosiphon fulvescens ¥ WA ou, o A AN P42
(e}

)

powder(0%, 3%, 5% and 7%) o] Bk HIVE 7%, 5%, 3%, ¥ HI &o
o Amo] T EX 2 el EAAcE FoAS Byt
Aol B9 A7l A AzzdAe w g (1) AR =
29 W% uul 3%, 5%, 7% W& Ahzge e PASEL <Table 1>l Boove
[Fig 15 2o] SU=ANA Az Aojgiey, 2ol AW Fazk = wAm 2 wjgel £2

S A7 eA g= Awe] AL 2010ci, 3%l AY
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B b AW 2000, 5% @ 1,950ci,
7% O W 1850aiE UERTh ¥ A7b A

Aol £ 7% M7 Aol Fu)o 27F 160
aldl A WAgole] AR Ffok 27 T
Fo Hdaz W5 E%" Y wANE &
H4E ol olatsea HEHo| At o] L
¢ Ro= /\}E%E}.

<Table 11> Changes of volumes of breads with

different  Capsosjphon  fulvescens
powder
Group(Sample) Volume(cr)
Control 2,010
CP 3% 2,000
CP 5% 1,950
CP 7% 1,850
CP : Capsosiphon fulvescens
@2 71A4 &4
el A7kl ol Awe BHL AW 2

= <Table 12>9} 2t}

uj o] H7E Aol Hu)sts sk A (Max.w) e
A7kt 98, 3% HI/NEL 123, 5%< 17267,
UESTh wjAdo] e "t

ol e wge] 2

=}
s

7% 29867 g=
Fol goldss
Aot s
=3

mj Aol H7b Aol A= (Adhesiveness)
b 1, 3% HbEL 2, 5% 7% AU
-2.33g% ZA YEht mjAo] el ol
ZolA4E HAAo] FolAE Y-S Ho o]
w8 Hggo] gobd Aol Aggd o
e ud 4 v Asdh

ol H7b Aol A& (hardness)= F 37t
24836, 3% 72 27248, 5%E 39048, 7%
739.95g/cm’® e} wjAdolo] HuhaFo]

=
RS
o

T

T
L
R

x 90 SN BE 6T
Fa52 Axsh feHoR ZARQTE ot
mjgole] Aol Ao dFel mE AR AR
Ho

= wjgol H7E Aol &34 (cohesiveness)
T A7 7978, 3% H7bS 71.88, 5% 71.34,

7%= 7045%F UEhY H7bEo] Belda s 4

wo] Aol A= AoE UEETE o] E
gk mjgo]l kel o] AHfre FFoT Ao
e 43 A7A FE3A dEtde #@4ol
gt Atz En

£ wje] H7b Aol ©¥d(springiness)
T 7R 918, 3% AR 86.04, 5% 8431,

7%= 81.14%% A YA YeElY XA @Y
de miAole] Hrlgo] BoldFE X7 "W
Ae AoZ eyt

_1

<Table 12> Texture properties of breads with
different composition of Capsosjphon
fulvescens powder.

Sample”
Parameter
Control 3% 5% 7%

Max. w(g) 98 123 172.67 298.67
Adh(egii"e“ess 1 2 233 233
Hardnesg 24836 272.48 39048 739.95

(g/cm’)
COhFi’;VE“ess 7978 7188 7134 7045
Springiness o190  go04 8431 8114
D See footnote Table 1

3 A=

j o] B A7 EFS 0%, 3%, 5%, 7%= &
gste] Az Awe AzE =2HI AJgEs
<Table 13> 79ttt

LE(B=)e mjAe] BTe HuishA &e o
ZT AW 7725aF wjAo] ETS HUlgh 2
wrt A5 Egon Lito] ZidtE &AE
=2 U 3%E 57.02b, 5%= 5047bc, 7%=
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<Table 13> Color value of bread with different
composition of Capsosjphon fulvescens

powder
Color Capsosiphon fulvescens powder
value  Control 3% 5% 7%
L 7725 57.02° 5047%  41.84°
a 2000 358 3315 -292°
b 1523  1835° 1816°  17.60°

1) means *SD
2) Significant differences were deterted by
different letters (p<0.01)
3) L : lightness (100 : white, 0 : black)
a : redness (o : red, - : green)
b : yellowness (+ : yellow, - : blue)
4184cm o2 o HQl Aol & KA.
aB (AN )2 200a% UlZT 2Wo] M3 =
A Uestorn o= o] s whgo] uE
IO HolH, vidoe] £8& 7% H7t 4
°of -292b% WMol E VI AW T M =
YERE T 5%, 3% «o2 Jehd mjaolst &
95 Zoete mzABolne HlHol
445 AT $47 B4 Y ASE AR
A,
b (B =)L 1523b%E T Awo] 7hd W
A vebgter ool % H7F3E Aol

)= [e)
S

<Table 14> Sensory properties of breads made

1835a% 7H4 =A UE I 5%E 18.16a, 7%
HA7b Ame 1760a% YERL wigo] BEo
7hegol 2l
A& JehdE Ao® Holn EAXORE &
o AQl ol & BT

@) &AL

o] o] Hrteks dElste] Az AW
o #AA A wixzd HEA 305FF 35
H 29734+ 96.67%)E SPSS 10.1 program<
o] &3 FA AHelg A= Table 149+ 23kt

o A o] HArrgol 7 el weh =23
&, FE, AAAJD 715, A REAA o
L AFol& HHATH P <0.001).

o] EZe Hrto]l StEsE 7Ev o
AetA ghol A o] "ol Ao E e
B A3 FH e HJUtEo] SIS E

=]
2o

ASHA ebstth A3 223 Fgh 2
Hog vd whgg Ho HAH VZEE

o= ¥ yEbgTh

B AL gYtdozE $4en U
2ol H2F HELR Ao di WAl
o) HEEE 0|7 Y3 Aol HE 24 ¥

with different composition of Capsosjphon fulvescens

powder. 1)
Sample”
Parameter
Control 3% 5% 7% F

Texture 4.03£087°  3.76+0.69"°  3.55+0.83° 2.90+0.86 10.29
Flavor 410+0.82*  3.07+0.70°  3.24+1.02° 2.44+0.99¢ 17.01
Overall acceptance  4.21+0.77° 3.24+0.87° 3.07+0.84° 2.48+0.78° 22.14
Color 434077  3.76£0.69°  3.62+0.94° 2.52+1.18¢ 20.13

Y By not trained panel consisted of nine members after 24 hour at room temp.

Point scale with 5=excellent ; 3=acceptable
2 See footnote Table 1
" Significantly different P <0.001

1=poor
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