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Component Changes and Sensory Evaluation of Sea

Tangle Extract Powder from Different Drying Methods
Myoung-sin Kim

Department of Food Science and Technology, Graduate School,

Pukyoung National university

Abstract

Presently, besides safety and nutrition of process food,
consumers take care of food safety and pay much more
attention to natural seasonings development. In this research,
ingredient and functionality of natural seaweed ' seasonings
processed by different drying methods were analyzed. General
components of sea tangle extraction powder obtained by
different drying methods were [ as follows: : moisture
components were ~98.71%,~.52.35%, 2.22%, and - 582% in
extraction solution, vacuum- drying  powder, freeze drying
powder, and spray drying powder, respectively. The highest
ash components 1.21% was obtained when extract was dried
using spray drying. The lowest crude fat content 0.18% and
highest crude protein content 6.59% were obtained by spray

and freeze drying, respectively. Total sugar content was as



follows: extraction solution 0.85%, vacuum drying 18.83%,
freeze drying 54.04%, and spray drying 91.52%. pH of all the
products concentrated on the range of 5-6. Salinity was as
follows: extraction solution 5.5%, vacuum drying 60%, freeze
drying 84%, and spray drying 80%. Special components of sea
tangle extraction powder obtained by diverse drying methods
were as follows : the highest vitamin C components 218.33+0.73
mg/100 g was obtained when extract was dried using freeze
drying. a-Tocopherol content of products obtained by freeze
drying was 0.39+0.02 mg/100 g, which was 25 times as more
as extraction solution. Alginate analysis results: the product
with the most ‘alginate content 46.3% obtained when freeze
drying was ‘processed to produced the product. Mineral
contents were as follows: iron was the most important mineral
content in extraction solution, copper and manganese are the
most important mineral content in  powder obtained by
vacuum drying, freeze drying could maintain the content of
iron, zinc, potassium, -natrium, magnesium and calcium
effectively. Flavor components of seaweed extraction powder
obtained by diverse drying methods were as follows: Contents
of total nitrogen in taste-active components were as follows:
crude solution 412.2mg/%, vacuum drying 1,998.5mg/ %, freeze
drying 2,895.6mg/%, and spray drying 725.6mg/% and the



highest nucleotide components 1896.6mg/% was obtained when
extract was dried using freeze drying. Differences in free
amino acid were observed. Compare with extraction solution,
free amino acid content (90.747 ug/ml) in feeze-dried powder,
free amino acid content in spray-dried powder sharply
dropped to 3.875 ug/ml, total 21 kinds of amino acid were
also detected. Besides glutamic acid, in total 19 kinds of amino
acid were detected when dried by vacuum drying. The ratio
of glutamic acid in amino acid of feeze-dried powder was
31%, and additional 24 kinds of amino acid were also
detected. Glutamic acid had not been detected inspray-dried
powder, and total amino acid content was least comparing
with the other products obtained by the other methods: The
solubility of sea tangle extraction powder was determined as
follows: feeze-dried powder had the highest solubility with the
value of 95.95%, and the polyphenol content of feeze-dried
powder was 217.6-mg/g: Products ' obtained by. freeze drying
had the highest chlorophyll content ~8.94+0.03 mg/g, by
contrast, spray-dried powder had the lowest chlorophyll
content 0.49+0.05 mg/g. Flavor component analysis of sea
tangle raw extraction was carried out. The main flavor
compounds in extraction solution were 24-hexadiyne, In total

18 kinds of flavor components, of which 2,3-dicyanopropion-



amide was most plentiful, were detected when extraction
solution was dried by vacuum drying. Meanwhile , total 19
kinds of flavor components, of which ethyl n-2-cyanoguanidino
formate was most plentiful, were detected when extraction
solution was dried by freeze drying. Total 5 kinds of flavor
components, of which acetaldehyde was most plentiful, were
detected when extraction solution was dried by spray drying.
Sensory evaluation of sea tangle extraction powder was carried
out. The Freeze-dried powder which had a sea tangle unique
taste had the highest score in taste sensory evaluation. And
meanwhile, they also remained sea tangle unique flavor with
the corresponding evaluation value 3.8+0.8". The Freeze-dried
powder had considerably ‘high color evaluation values 4.6+1.6™,
but in contrast, vacumn-dried powder had considerably low
color evaluation value 1.6£0.6". There wasn't obvious difference
in solubility between extraction solution and = freeze-dried
powder. Based on“the results above, freeze-dried powder had

the best sensory properties.
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Sea tangle

L 4

Extraction solution

L 4

Deep freezing
(-70°C, 24hr)

Spray drying
(200°C)

Vacuum drying
(857T)

Freeze drying

(-40°C)
|

Fig. 1. Procedure for preparation of the

L 4

sift flour

L 4

Extraction solution

powder

extraction powdwer.

sea tangle
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Table 1. Operating conditions of ICP-AES for mineral

analysis

Inductively coupled plasma
Y P P 1.2 kw

Out powder )
one piece quatz torch

plasma torch assembly

Sample introduction system closs-flow-nebulizer
Gas flows
Coolant gas flow rate 1.4 L/min
Auxiliary gas flow rate 0.5_L/min
Nebulizer pressure 2.5 bar
Average sample uptake rate 2.0 m¢/min
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(A) (B)

Fig. 2. Photograph

methods.
(A): Extraction solution (B): Vacumn drying
(©): Spry drying (D): Freeze drying
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Table 2. Proximate composition of sea tangle

extraction powder according to drying

methods
Drying methods
Extraction Vaccumn Freeze Spry
solution drying Drying  drying
Moisture(%) 98.71 gt 222 5.82
Crude protein(%) 0.06 3.71 6.59 1.23
Crude lipid(%) 0.02 1.29 2.22 0.18
Ash(%) 0.37 23.82 34.95 121
Crude carbohydrate
0.85 18.83 54.04 91.52
(%, calculated)
pH Q.01 -0 5.40 5.51
Salt(%) 55 60 84 80
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2. QAR FE2 B E5 B
21 gAel &9 B2 vitamin C T F

AZNHE g3t dxA7] A FEH B9 vitamin C
= 54 ZA3= Fig 3.3 2tk dH9 vitamin C FF
20040.03 mg/100 g FEAZE 130.02+0.05 mg/100 g 2 7
ZF+ 218.33+0.73 mg/100 g, +FAZE+= 60.67+0.01 mg/100 go =
FAAZX 3 AlgYE AFARY BFEAX 3 A|EHET vitamin C

=& Aoz YElEth Ha(2004) 52 vitamin C7} 7193
o)A ascorbate oxidase2] ZEoF Aslrt FZEHO wWo| TAi
Aty HIEAT, Chung(2003) 52 #ES 7tExjge 43
vitamin C7} 19% 3% #AE Ao HIEHQIT =3 Kim(2006)

22 gAlel 229 BT a-tocopherol 3 FHF

AHE Gt xR OgAlrt 28 229 a-tocopherol &+
0.

=4 Ay Fig. 4.9 23tk 494 0.02£0.002 mg/100 g %
Ax+= 0.2940.03 mg/100 g, 527 ZF+= 0.39+0.02 mg/100 g, =%
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Fig. 3. Changes in vitamin C of sea tangle extraction

powder with different drying methods.
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extraction ‘powder with different drying

methods.
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Fig. 5. Changes in alginic acid of sea tangle
extraction powder with  different drying

methods.
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Table 3.3} Z3tt} HHe] Cagl

[e)

=

Avte o

2.17+0.05 mg/g, IFAZE 9.07+0.02 mg/g, S ANZE 14.63+0.02



Table 3. Content analysis results of mineral in sea

tangle extraction powder with different
drying methods
(ppny/g)
Conditions A B C D
Cu 2.18+0.25 8.21+0.03 4.63£0.00 3.12+0.02
Fe 3.29+0.08 5.84+0.01 9.16+0.02 4.22+0.02
Zn 0.04+0.00 5.83x0.00 6.16+0.27 0.16+0.01
Mn 0.07£0.00 1.86+0.00 0.32+0.01 0.21+£0.03
Ca 2.17+0.05 9.07£0.02 14.63+0.02 3.22+0.04
Mg 0.17+0.00 4.34+0.01 4.66=0.03 1.26%0.01
K 1.34£0.12 6.26+0.01 9.24+0.02 3.34+0.02
Na 1.25+0.03 3.12+0.02 7.32+0:05 1.15+£0.01
A: Extraction solution
B: Vacumn drying
C: Freeze drying
D: Spray drying
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mg/g, TFAZE 3.2240.04 mg/gZ HEH IAFH=x

Zo A Cad] 3ol =A Uetth Mg 3 34 A3 dde
0.17+0.00 mg/g, NFAZE 4.34+0.01 mg/g, S EAAZE 4.66+0.03
mg/g, BEFAZE 1.2620.01 mg/go 2 YEINTE Nao 3 =74
Ay} A2 1.25+0.03 mg/g, MFAZXE 312+0.02 mg/g, 521
ZE 7.3240.05 mg/g, EFAZE 1.1540.01 mg/gl 2 UEISO T

Ko =4 ZAx dAL 1.3440.12 mg/g, ITAZRE 6.2

(o)
-+
=
e
(oY

mg/g, TANZE 9.24+0.02 mg/g, EF-AZE 3.34+0.

2 Uety Na Ko 3¢ dxzdid & F93 zkol& veht
2 ggtom, o]y ¥ A} Kim(1996)°] R sk F7]Eo]
dolup ol o3 =Fo) o3 A}AHA F=ve &

A8ttt Fed] &% =
= 584+0.01 mg/g, TATEE 9161002 mg/g TFIUET
422+0.02 mg/gl 2 UENTL Zne $ge AL 0.04+0.00

o
i
o
rj(g
2

£ 329:0.08 mg/g MNFHNE

mg/g, JEAE= 583+0.00 mg/g TAUET 6162027 mg/g,
AZxE 01640.01 mg/go 2 Y} S44x A 71 =2 §
YEFH T Mné] $Esd 23 992 0.07+0.00 mg/g, ¥

AZE 1.86+0.00 mg/g, TEAHAZE= 0324001 mg/g, EFHZE

o, Mz
o g

N

021£0.03 mg/go 2 AFAz7t 7 E=A et National
Research Council(1989)¢] X ilo] mW=Z W 3|2/ Mn2 ©}F v
Foz gedel Ankw sRen Add gE gl Folt gl
o ajxrt ATl wet o FeFo] HAHATE vt ok

Cudl &% =4 23 YA 2184025 mg/g, AFAZE 8.21+0.03
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mg/g, TAUZEXE 4.63+0.00 mg/g, W HUEE 3.12+0.02 mg/g=
SADAZIE 7Y A UEith A9 Feo] o] 7 =3k,

AFAxAME Cush Mnel FFol /bg Egom, ARz

= K, Zn, Ca, Mg, Fe, Na®] &o] 71 & FA He o=
e T Kim(2002) 52 ©HAlwtellA] Na, Ca, Mgo] ©h&F 35
kol

o] o™, Zn, MnT%E HuF FHE3H FHfrEol Atk
=

3. ARt 229 Bue] P4

31 gAju} 29 oo FALF
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Fig. 6. Changes in total-N of sea tangle extraction

powder with different 'drying methods.
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Fig. 7. Changes in amino-N of sea tangle extraction

powder with different drying methods.
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mg% o2 FAAZ Fo5A EA vl

33 gAlrt &9 B2 fEoln =it FF

=
ofw| At 275028 ug/mlE THAIRE FEo FEET 3
el et Azl webA fEjobu| i ike] g2 ZpolE H =
o TAAZ7} 90947 pg/mboE 744 AA W3, BEEAx
7} 3875 ug/mlO.Z FA3] Tradhe HEES Rtk oA
Fa3% 8 obrite mAvte] TR FAES glutamic
acid, ©@uFS W+ alanine & %9] A ofuj= Ak steko] ok 6% =
AR em 2 9] 19%c] HEFH Fv AR Ee dFov=
drogAM el THA7E w2 obvlieatse] 9ol =SkHh Song(1992
T2 HAIRRY] F= opr| =4kl glutamic acid @} aspartic acid$l A
o2 w8 o5o] WA ofulmate] 80% ol4E AXGE Ao

astAT AFAZXE glutamic acidd] o] 7HE %o 1

~—~—"
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Table 4. Analysis results of free amino acid of sea

tangle extraction powder with different drying

methods
(ng/mt)
A kind of
amino acid A B C D
Phosphoserine 1.402 0.511 0.181 0.344
Taurine 1.378 0.502 0.494 -
Phosphoethaolamine - - 0.331 0.292
Aspartic acid - 1.997 1.325 0.178
Threonine - 0.800 1.372 -
Serine - 0.522 0.724 0.153
Glutamic acid 167.666 18.424 22.707 -
Glycine 1.180 0.398 0.520 0.315
Alanine 13.905 14.980 21.562 0.646
Citrulline - - 0.381 -
a-aminoaidpic acid 1.416 0.474 0.437 0.638
Valine 1.672 2.831 4.130 0.194
Methionine 0.292 - 0.217 -
Isoleucine 0.667 1.516 2.180 3
Leucine 0.875 2162 2.873 -
Tyrosine 0.601 1.155 1.539 -
Phenylalanine 1.458 2.676 3.130 -
B-alanine 0.277 - 0.333 -
B-AiBA." 0.475 0.513 0.466 -
¥-amino-n-butyric acid 0.341 0.542 0.834 3
Ethanolamine 1.679 2.993 3.845 0.195
Hydroxylisine - 0.877 1.505 0.920
Ornithine 0.458 - - -
Lysine 0499 - 0.150 -
Arginine 0.150 - - -
Hydroproline 70.346 - - -
Proline 8.543 13.550 19.511 -
Total 275.28 67.423 90.747 3.875

l):D,L—L’>—aminoisobutyric acid
A: extraction solution
B: Vacumn drying

C: Freeze drying

D: Spray drying
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9] & BbE& W= alanine, ¥ BIS U= valine, ploline, phenylala-
nine 5 & 19%°] AEZHUS A= HEEHA ZUY aspatic
acid7} A 2] obw|=4ke] o 3%<1 1.997 pg/ml HE=HUH F
Az E3E glutamic acid®] FHEFo]l HA #E] ofw|:=4Ee] 25%
2 7 =4 Yehgon, g0 alanined] HFS 21562 ug/
m=E YERES ™ valine, phenylalanine T8+ 7+2F 4130 pg/me, 3.130
pg/ o2 YERSTE BoA YERA] 234 phosphoethanolamine,
aspatic acid, threonine, serine®] AZ% o] F 24F°] HEF AT
BEEAZ Ale g AdFds 2 glutamic acid7l HEEHA &
ko™, alanine®] 0.646 ug/mé, hydroxylisine-©] 0.920 pg/ml <
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Fig. 8. Changes in nucleitide of sea tangle extraction

powder with different drying methods.
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Table 5. Content analysis results of chlorophyll in

sea  tangle extraction powder  with
different drying methods
Chlorophyll Chlorophyll Chlorophyll Total
a b a/b ratio chlorophyll
Extraction
. 0.22+0.07 0.34+0.09 0.65 0.61+0.02
solution
Vaccumn /o000 C5 014022 0.45 4.37+0.09
drying
Freeze | /0 008 12524005 252 8.9440.03
drying
Spray 07,009 (0414001 0.01 0.49+0.05
drying
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7. DAR 229 BEe] 4R

A Ade o Fig. 117 2
*th gAIm 222 A9 FIEAE B AFde T MTOE
FQ BIIHEL 24-hexadienelZ W YU, 1 2 formic
acid, 2-butanone, 3-methyl-2-pentanone F°| O HESH U
Tadahiko(1998) &< H&EAF oHARte] 7] & ]  cubenol,

myristic acid, haxadecenoic acid ¥ palmic acidg} X1l 3}$aL

Lee(1996) 52 gt ohAlmp 239 8 v JES GCE &
A% A3} myristic acid, —palmitic  acid, - 2-nonen-1-ol %

pentadecanoic acid’} AEHAIL 100C E+-F=EL pentadecane,
myristic acid, 1,4-cyclooctadiene, 2,6-nonadienal 2 1,2-heptadiene
olgtil Huatgivh. Fig. 120 UEbd wkep o] oAl
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e
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% 18%°] HA&=HJen FZAZ A= Fig. 13.9] Vel nio}
2ol B Ay FolMe fgEHA %< Ethyl n-2-eyanoguanidino
formate”} 23% 2 7Fg ®ol AEE AL T 9] 1-butanol, propa-
nol, acetaldehyde £9o 2 HAZ =o] F 19%°| AU

F 4% =2
Byt o™ sulfurdioxideZ} 129302 ¢k 35% = UEel}on & 5%
ol A=HAY. ¥ HdFZAIH}= Kim(2006)°] Lw¥HH O
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7v ZkEzol wis) dEde] Hol FrIFE diH Fel Bu
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Fig. 11. GC-FID chromatogram of volatile flavor

components in sea tangle extraction solution.
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Fig. 12. GC-FID chromatogram of volatile flavor
components in sea tangle extraction powder

by vaccumn drying.
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Fig. 13. GC-FID chromatogram of volatile flavor

components in-sea tangle extraction powder

by freeze drying.
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Fig. 14. GC-FID chromatogram of volatile flavor

components in sea tangle extraction powder

by spray drying.
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Table 6. Analytical result of volatile components of
in sea tangle extraction powder with

different drying methods

Unit : peak area x 107
p

Area
1)

Compounds name . . Extraction Vaccumn Freeze Spray
(min) . . . .

solution drying drying drying
Sulfurdioxide 3.286 4.96 ND 1.06 12.93
Acetaldehyde 35 3.94 340 5.00 23.73
Propanol 4559 ND 1.53 5.14 ND
1.4Pentadiene 5.658 ND ND 1.38 ND
1-Chloro-2-methyl-propane 6.434 8.09 ND 1.04 ND
N-Methyl-Formamide 6.639 018 ND ND ND
2-Methyl-2-propanol 6.823 418 1.20 ND ND
2-Butanone 7.641 27.49 ND 0.39 ND
Formic acid 8.127 34.41 ND 9.68 ND
Ethyl n-2-cyanoguanidino - o, ND ND 16.54 ND

formate

Ethyl acetate 8.714 237 1.86 ND 0.09
2-Butanol 8.832 9.42 1.40 ND ND
2,4-Hexadiyne 9.098 68.92 ND ND ND
Benzene 11.329 2.99 1.54 2.77 ND
1-Iodo-propane 11.645 1.63 ND ND ND
1-Butanol 12.216 46.85 ND 12.21 ND
2-Pentanone 12.749 6:62 ND 3.63 ND
Ethyl-boronic acid 13.064 4.64 ND ND ND
3-Methyl-2-butanol 13.877 25.04 3.75 3:34 ND
1-Diethoxy-ethane 15.47 13.88 ND ND ND
2-Methyl-1-butanol 15.724 18.88 142 ND ND
2-Butanone 15.946 ND ND 1.24 ND
3-Methyl-2-pentanone 16.086 35.22 ND 3.16 ND
3-Methyl-2-heptanol 17.733 17.01 ND 3.89 ND
Hexanal 17.754 ND 1.82 ND ND
Octylester-nitric acid 17.855 26.30 ND ND ND
Cv}zf:a'.nf’th] yl- 19.493 6.44 2.63 134 ND

(Continued)
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Area

1)
RT .
Compounds name . . Extraction Vaccumn Freeze Spray
(min . . . .
solution drying drying drying
2,3-Dicyanopropionamide 22.856 ND 18.68 ND 0.57
Benzaldehyde 23.517 ND 047 ND 0.03
2-Heptenal 23.429 2.68 ND ND ND
1-Octen-3-o0l 24.68 0.59 0.14 ND ND
Octanal 25.508 2.26 ND ND ND
Octamethyl- 26.078 6.50 134 ND ND
cyclotetrasiloxane
2-0Ctamethy1-decane 27.771 2.50 ND ND ND
5Ethyl-2,2,3-
tri ethyl-heptane 28.237 111 ND ND ND
3-Methyl-5-propyl nonane 28.599 2.13 ND ND ND
22,11,11-Tetramethyl- 29.775 1.29 ND ND ND
dodecane
22,3/4/6,6-Hexamethyl- 30.156 1.29 1.29 ND ND
heptane
6-Nonen-1-ol 31.165 1.81 1.81 ND ND
Benzeneet!'lanamm?, -.beta.4-bis 34,483 151 151 ND ND
[(trimethylsilyl)oxy
1-Iodo-octane 36.673 292 292 ND ND
2-Tridecenal 37.138 1.56 ND ND ND
Dibutyl phthalate 43.492 ND ND 1.74 ND
Pentadecane 45.839 1.08 ND ND ND
Dodecanoic acid 46.79 24.72 0.96 5.20 ND
2,6-Dimethyl-8—octa-
2,6-dien-1-ol 49.574 0.57 0.89 ND ND
2-n-Octylanisole 50.562 1.15 ND ND ND
4-1,1,3,3-Tetramethylbutyl 50.838 130 ND ND ND
-phenol
Propan-1-one
1-2,6-dimethyl-4-propoxyphenyl 51.003 3.62 ND ND ND
4-Nonylphenol 51.239 3.23 ND ND ND
4-Methyl-2-tert- 51.418 1.72 ND 1.00 ND
octylphenol
2-methy1-4—Phenol 51.957 2.29 ND ND ND
4-1,1,3,3-Tetramethylbutyl-phenol 52.172 2.90 ND ND ND
Total 443.21 50.56 71.81 37.35
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Table 5. Sensory evaluation for sea tangle extraction

powder with different drying methods

Extraction  Vaccumn Freeze Spray

solution drying drying drying

Taste 1.8+0.2" 3.3+0.7%" 3.6+0.4" 2.4+04°
Flavor 2.8+0.8" 24+1.6° 3.8+0.8" 3.0+1.0°
Color 3.4+1.4% 1.6+0.6" 4.6+1.6™ 4.4+0.4°
Others 46404 42+0.2° 4.610.6° 3.810.8"

USignificant at p<0.001

*Means wih the same letter are not significantly different(p<0.05)
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