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(SUMMARY>

Purpose&
Contents

<Purpose of Study>

O Produce of seaweed chips using Doraji

O Produce of seaweed chips using jujube

O Packing method and setting of produce

Results

This study was examined the quality characteristics of dough liquid according
to the additional ratio of Dorgji in seaweed snack manufacturing. Firstly, the
results of Doraji type (dry & powder) were as follows: Carbohydrates 77.57~
79.29, crude protein 9.10-9.25, crude fat 0.96~1.33 and calories 355~366 kcal, pH
542~545 sugar 3.53~3.96 ° brix, color 33.82~44.25 (L), 2.27~352 (B) and total
free amino acids 2,200~2699 mg/100 g. Total polyphenol contents had dry
extracts 1,931.18 mg% and powder extract 1,382.43 mg%, DPPH and ABTs radical
scavenging activities tended to increase with higher treatment concentration. Next,
the results showed that dough liquid for seaweed snack manufacture which was
added Doraji were as follows: Color became deep poppy red with increased
addition of Dorgji. The texture of adhesiveness, cohesiveness, chewiness, and
brittleness tended to decrease with addition of Doraji. The springness showed the
opposite tendency. Accordingly, these results suggest that 20% of dry Doraji
extract is a proper proportion so that it can be added to the rice dough liquid to
produce form Dorgji (dry and powder) containing seaweed snacks.

This study was examined the quality characteristics of dough liquid according
to the additional ratio of Jujube in seaweed snack manufacturing. Firstly, the
results of Jujube type (dry & powder) were as follows: Carbohydrates 79.32782.40,
crude protein 7.3277.38, crude fat 1.1971.29 and calories 357371 kcal, pH 5.2475.16,
sugar 4.4372.37 ° brix, color 45.70775.42(L), 5.867-1.67(a), 25.13725.42(b and total
free amino acids 503773326. Total polyphenol contents had dry extracts 2099.33
mg% and powder extract 2056.82 mg%, DPPH and ABTs radical scavenging
activities tended to increase with higher treatment concentration. Next, the results
showed that dough liquid for seaweed snack manufacture which was added Jujube
were as follows: Color became deep poppy red with increased addition of Jujube.
The texture of adhesiveness, cohesiveness, chewiness, and brittleness tended to
decrease with addition of Jujube. The springness showed the opposite tendency.
Accordingly, these results suggest that dry Jujube is a proper proportion so that
it can be added to the rice dough liquid to produce form Jujube (dry and powder)
containing seaweed snacks.

Expected
Contribution

» Establishment of proper mixing ratio of seaweed snacks containing active
ingredients

= Seaweed snack manufacturing using Doraji and Jujube due to Technology
seaweed snack manufacturing process

Transfer of Standardization of

according to marketability of seaweed snack

Keywords

Recipe
standardization

Doraji Jujube Seaweed chips Functional
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Fig. 1. Products used as samples

A

(2) FEEAZ

T A7) EZ=kA] 2 ogiF 100 gol S/ 1,000 mLE H7Fste] 90CAlAl 70 rpm
o] £x® 2417t 3-8 F=Z(HB-205SW, Hanbaek Scinentific Co., Korea)dtgth. F&&
S 9

dsto] FAAE EEstste] AR

Ao AFEE A7 AWMAELS AOAC EFWH (Dl F3ke] B4t R
L 1056C Ag7tgdz=H(HB-502M, Hanbaek Scientific Co., Korea), Z¢r¥z
Kjeldahl¥, A% Soxhlet &%, 3|22 A4 3|3y, F71A4ES Fo]=2 Na &
e AAFFEFFEAE ol &5t FHAT

2) pH, &, ZME 9 EE &N

Sgx] 2 F FEE9 pHE pH meter(Metrohm 691, Metrohnm UK Ltd., Herisau,
Switzerland) = o] &3} SAstR e, FEEo A= UV-visible

spectrophotometer(UV-1601, Shimadzu Co., Kyoto, Japan)Z ©¢]-&3}o] L(lightness),
a(redness), b(yellowness)& Z}7} S73le] Hunter's color valueZ YEMNATE %+ Lk
2 100.00, a#t= 007 % b -0.030]AY¢. AL = HLEi= UV-visible




spectrophotometer (UV-1601, Shimadzu Co.)& ©]&3}o] 420 % 660 nm = =433t}

3) weEloto|l=dk 4
) obvledl Sghe Ael RAEol whek AR 02 g
Ao #Hesle] 1027 WA £ 13,000 rpme. 2 10237+ £ u]l"ﬁ:ﬂ

fﬂter(PVDF 2545, Chemco Scientific, Osaka, Japan)® ]33t &8-S {-2lo}n| =2t
A& % HPLC(Agilent 110 Series, Agilent Technol. CA, USA)S ©]83te] Table 13}

0.42 pm membrane
54

2o zAaor BAgAY. = AYWLS Pickering, PININACLE PCX(4.6x250mm)< &2
3tal, o] FAS Lithum eluent (pH 275 2 750)°] 93} gradient W o2 19027 &%
SFAY. 752 03 mL/min 2 3R o™, &%= column ovenoll 2lsle] 40CE # A5k
A1, UV 570 nmoll Al AZEst9t. 2242 feobr et 43F9 12 4dfig)S A

Phosphoserine
Taurine
Phosphoethanclamine
Urea

Aspartic acid
Hydroxyproline
Threonine

Serine

Asparagine

O ONONAWN -

“Intermal Standerd

i2

Glutamic acid
Glutamine

Sarcosine
a-Aminoadipic acid
Proline

Glycina

Alanine

Citrulline
o-Amino-n-butyric acid

19
20
21
22
23
24
25
26
27

Valine
Cystine
Methionine
Cystathionine
Isoleucine
Leucine
Tyrosine
Phenylalanine
B-Alanine

B-Amino-i-butyric acid
Homocystine
-Aminobutyric acid
Tryptophan
Ethanolamine
Ammonia
Hydroxylysines
Ornitine

Lysine

37
38
39
40
41
42

1-Methylhistidine
Histidine
3-Methylhistidine
Anserine

Camosine

Arginine
Glucosaminic Acid”

Fig. 2. HPLC conditions for analytical conditions of free amino acid.

Table 1. HPLC conditions for analytical conditions of free amino acid

_10_




Items Method
HPLC system Agilent 110 Series
Column Pickering, PININACLE PCX(4.6x250 mm)
Lithium Lithium Lithium
eluent eluent column
pH 2.75 pH 7.50 Regenerant
0 100 0 0
17 100 0 0
65 35 65 0
Mobile phase 128 0 100 0
145 0 100 0
185 0 94 6
189 0 90 10
189.01 100 0
190 100 0
Flow rate 0.3mL/min
Detection UV/VIS 570 nm
Column Temp. 40°C
Reactor Temp. 130°C

O F EYd= SFE TF A
ZT ZYde stgE FHS Folins-Denis H(2)2 o] &3to] v ATt A5 F
= o479} 2 mLel 50% phenol reagent(Folin—Ciocalteu‘s reagent) 2 mLS % 7}3ste] 3&
b A % 10% NaCOs8&H 2 mLe 7hgE of A2eA 1027 AA A7)

UV-visible spectrophotometer(UV-1601, Shimadzu Co., Kyoto, Japan)& ©]&3}s 700
nmol A TFE=E A3 o)lu] gallic acid(Yakuri pure chemicals Co., Ltd. Kyoto,
Japan)& AF&3t] 0~4 mg/mLe] v=8 ZAG T 7|9 WHos AT FoAe
25H #ste] mg/100mL= A 83T

@ DPPH radical &4 &4 =73
DPPH(1,1-diphenyl-2-picrylhydrazyl, Sigma) =tz 2A A4S Blois#H3)S W
3t =A 39k, DPPH 0.15 mM<S absolute ethanol 100 mLol| 833 % 50% ethanol
SNe T2 o] 517 nmellAl DPPHE 9] FH=E oF 1.00] S5 4ste] A}
&otAath. Al= 05 mLel DPPHE& 9 25 mLe &3t Agd] 3 &<k vbSAIZ +
UV-visible spectrophotometer(UV-1601)E ©]-&3}o 517 nmolA JFTHE=E 435+
DPPH radical 4~7 €745 #A1tstdtt.

® ABTSs radical 274 &4 &A
ABTs radical 27152 Re 59 WH@)S dF F=4sto 259t ABTs 7 mM¥}
o] 12~16A17F Bt Ao M]3}

= =2

potassium persulfate 2.45 mM<E ZHF50] £33}




80% ethanols ©]-&3le] 734
st AT SR Mg AlE F

R 5 H7bstdth AZelA 6
o] 83t 734 nmollA FHF =

ABTs cation radical(ABTS +)& A~
nmol 4 0.700£0.002¢] &34 % #FS zx
,ULE )\] 643401] 7}6} 1:]. ] _4/\45] ABTSs
$-Al#A UV-visible spectrophotometer (UV-1601)Z=
skt

5) Ao XM= MM Z=Af

+ ;E
=
s
ol
12
y o
(@)

& 5
7k n

=
=

-—

m{m M
r

ol

® gy MY
Wz AzE g8 de 24 de AsstaTh BAES AR Urd AT B
7] (Stone roller, Pungkin Food Machinery Co. Ltd.)® #3F & UT% HAIMFE 16
MEw He ) AjFuA 17 A% 29 F AT A F g, AFe dol
T s de] Az B FEFEHY E=gAE o]&s FEEMSY g 1, 2 ¥ 3%
dol EFF WEAL Axshel MG AAHS 2AeI] 9@ An2 At
Table 2. Mixing ratio of seaweed snack
Dough liquid
glutinous soy Doraji Jujube Total
) water salt
rice sauce
0 100 500 0.1 0.1 0 0 600.2
1 99 500 0.1 0.1 1 1 600.2
2 98 500 0.1 0.1 2 2 600.2
3 97 500 0.1 0.1 3 3 600.2

7] W 5 7]
o, SAE e Tg 2uUE Agste] dge a/w A48 F A4S dob ¥4
s,
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Fig. 3. Production of Seaweed snack

® azde A%
e 0 uF FEE

Minolta Co., Japan)E ©o]&

mlo

H7FeE dbsolo] M= MAA (Chromameter, CR-300,
Fo] L(lightness), a(redness), b(yellowness)E ztzt =43}

0

[

e AT oju] A HAS $35to] AFEE calibration plate?] L, a ¥ b # Z2+Z
97.74, -0.42 2 2.03°]t}.
@ W=H9 texure

T 2 ogiF FEE OHVEEA mE wSde EAS A4S fs FERA

(adhesiveness), 5% A (cohesiveness), g2 A (springiness), %18 A (chewiness) &

Rheometer (CR-100, Sun Scientific Co. Ltd., Tokyo, Japan)< ©]-&3%}¢o] 53] ¥h& =4
ST Wk S VMR AZE 2 cm®E A Z87]o] ©o} load cell 10kg, table speed 60 mm
/min, set value 2 mm, adaptor No. 21 (@ 21 mm)Z 3} A3t}

@ #H2=9e #5H7L
g A] 2 g5 HIbE b2 fdade] mE A s diTteke| g gk 5o
S 50MS BE5AA aoz AAF Y Pade A5 QA2 F oXFLEE
HAIZ 3 A A F7rEA S AW st 71E e Ert a2 A(Color),
gk (Sweet), &5 (Bitters), %% 7] 2% (Overall acceptance) =4 78 27

B v - 731, BEelt @ 43, wie ymg 1o s YEh Rl
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<
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Lo 2 tiF HUF A2 A 2ARE e Aol HaetwAl dukAld
g AALE 3Y HA o7 5l 63 2ALSFI T

drt MAETE Alxd A2 10 g& e SRl 34 o 1 mLEs FH 5k
0.85% W Az dAH o2 32435l plate count agar(Difco, Becton, Dickinson &
Co., Le Pont de Claix, France)®]#|o] HF3sle] 30T =8]%7](HB-102L, Hanbaek
scientific Co., Bucheon, Korea)ol A 24A17F w3k & colonyES ASsth. A2
desoxycholate lactose agar(Difco, USA)®| A o] 7%35’3}04 37°C g2-nl 271 (HB-102L,
Hanbaek scientific Co.)ollA] 48413t w43t = WA E colonys ARt AZFg o2
30-30070¢] Feto] P A A€ 33 wh 1] Egﬁ%k% T3 mL% colony
forming unit (CFU/mL)& tFeER 1Tt

N

F

e ©
ol
ol

RE AYRE 33 vhEste] A% Hd ZEAAE HEglon, 7k A3
Aol thet FAEAS SPSS(21.0, SPSS Inc., Chicago, IL, USA) TAIZZ2 195 o] &
T 7He] FoFd A= dYufA] FAHEA H(One-way Analysis of Variance)
S A33Felal, Duncan’s multiple range test® 2z} A 3ol Htx] 7Ho] F2o1% 2ol =
A58k A HHP<0.05).

7edee H7MRE Aad Az F el Bk dHGix 2 2ol wE AlE
o dFdEE A daks Table 3 eI 23S Ad & dedzer
o 2EAEe]l 25 WA dEstey, el e Eekx] A9, Al § S el
EEstET 1602%8 = A YAt Na &2 A2 5 dedxzsmnyg 22937t

127%6 4= =<2 d3de Yehddt @=d dFAHA 7Ise AF FF7HEEKNS, 2005)
T 75.6%, G 1.7%, AAE 04%, g©rstE 19.6%, 3] 0.90%
G e 249%, AA 0.1%, @3E 62.9%, 3% 150% B =k
%47} *47]“44 4 ZAHPark, 20094 EF0x EgA] 2ES] i 14.35%, =Ty
3.86%, =AW 257%, Z3]% 3.65%, T ﬁrg 64.97%, XA+ 9.94%9%} B9k A3E o
ERiRAT ol de] AuE s E8 ARG s Ad F de d2EgAE AR Sk
Aol =& o=z Aztdr}

=

_14_




Table 3. Nutritional ingredients of Doraji types

Doraji
Dry Powder
Moisture(%) 8.78 6.24
Carbohydrate(g/100 g) 7157 79.29
Crude protein(g/100 g) 9.10 9.25
Crude fat(g/100 g) 0.96 1.33
Trans fat(g/100 g) 0.00 0.00
Saturated fat(g/100 g) 0.08 0.12
Crude ash(%) 3.60 3.89
Calorie(Kcal) 355 366
Sugars(g/100 g) 17.44 10.50
Cholesterol(mg/100 g) 0.00 0.00
Na(mg/100 g) 6.53 8.33
L) E2iX] Ao wE pH, 9=, Mz, 2z 3 EfE
NSRS A7hE Aau Az F AR wed dE(Ax 2 P BE 53
2o pH, W, A%, 2% 9 $EE 2AE A Table 40 HEHARTE ARl o
Elo wE& pHS W3t mujstdon, Y= ZebA o] YEjo] wE Xfo]rt mH| kSt
AMEWst= BUstut Ad & Az FE5E ¥e H3as Ygehligloy, 1 Aol
stk 2AE D gr oA Awe fARG A0E etk meka Ask Ao
of F4d ZAHPark, 2009)°A4 dFdxE=efAe M= L, a B b S 7623, 2.87 %
2146% YERA A3pel= Lk zbol7t glon ole ¥ FEAGTS] Aol KX
o,

Table 4. pH, sugar content, Hunter’ value color, brown color and turbidity of

Doraji types

Sugar Hunter’ value color
H tent Brown: | 1 rhidit
b con .e L a b color Y
(°brix)
5.42+0.01" 44.25+0.3 , | 16.830.1 . b
Dry ) 3.96+0.05 g 2.27+0.05 . 1.26+0.00° | 0.53+0.01
) L | 33.82+0.1 | 13.950.0 . )
Powder | 5.45+0.03* | 3.53+0.02 I 3.52+0.07° o 1.53+0.01* | 0.70+0.017
65002.85" o | 3074785 ... | 26882.64° | 20671.83" | 130417.85
F-value . 6391.50 ) 3369.63 N .

U Values are means of triplicate determinations.

(a,b)

Y Means with different superscripts

in the same row are significantly different

(p<0.05) by Duncan’s multiple range test.
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Ch) w2loto| =&k B2k

Aoz Azl grel] Hojshs B Fof sty
1) 2

=2+ cysteine, aspartic acid 2 glutamic

o pd ]

ojlth. frejoln At T wuts FAdskE of
acide] Jom, 29t isoleucine % leucine, ©%S UE = o}m] A threonine,
serine ¥ proline 52 5 4 ATHOh et al, 2004). L % threonine, aspartic acid,
glutamic acid &9 frEloln| =4t ghafo] vlud =4 Yeihve A2 FFHQ0 HelA 7

2A7F e RS el Ao® Bugk vk JIu6). Ve AiEs HUFEE A2 Az
T HA7E EdbA 9 FEH(xdx F B mE FEEY fElolol it FHS FAMS
A¥= Table 50 YeR AT =2bA] A9 FElobr] =4t T 8F 9 dgobu| w4t
isoleucine, leucine, valine, histidine, arginine, methionine % lysine 7&°] HZ&E S
H] g g=olu] = Ak 5 alanine, asparagine, glutamic acid, glycine ¥ proline 5%°] #
, 71EF frgloln 2t 3 gaba, ethanolamine ammonia 5 19F°] AZEHAGY. 1 xS

4%, Arginine > Ethanolamine > Glutamic acid > Asparagine > Alanine 9]

el

EN

%rmr%ﬂijg

2

o]l 7§ Arginine > Ethanolamine > Glutamic acid > Alanine > Asparagine
| A4S YERHATE o9t e A¥i= Cho & Chang (1989)9] =&h#] 9]
S AR A3 1659 ofv|xate] EAEIH, I ¥#FS Arginine >
Glutamic acid > Asparagine > Leucine > Alanine +£22 YEld Aol 2 A4S
ATH Lee (2012) & A=A & o] &3 fFefopr]=it 3t EA oA F 1750 HE
HAomw F olnwat dhgEe 29333 mg/100 gol™, Arginine > Glutamic acid >
Aspartic acid > Alanine > Serine= 22 UE Aot thE GAS HYGT o= =
Ao Qe Ed B A gl wE zol2 HojAW, fFEotu| it I oA U
arginine, glutamic acid, asparagine % alanine ¢ 7|5Ad #AS 7MxoF & Ao 7

Az,

M R
o
e

s
30
%4

O
-
=)

Table 5. Free amino acid content of Doraji types

Doraji
Dry Powder
Asparagine 164.79 143.68
Glutamic acid 205.40 212.23
Proline 80.18 20.95
Glycine 3.20 11.25
Alanine 134.40 154.16
Citrulline 8.96 12.87
a-amino—n-butyric acid 0.00 1.17
Cysteine 38.34 3.68
Gaba 27.44 53.86
Ethanolamine 249.78 677.33
Ammonia 66.18 67.81
Phenylalanine 10.52 9.33
Valine 37.92 28.40
Methionine 11.67 12.17
Isoleucine 13.99 17.62
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Leucine

0.00

14.14

Lysine

9.59

14.31

Histidine

40.15

36.54

Arginine

1117.64

1208.21

Total Amino acid

2,220.15

2,699.71
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fol:
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0
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ubd © & polyphenol 3}gHE
Stu=A geFst Fxe EAES A

!

2
S
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23} TR Fe

o]
AA 1L

phenolic hydroxyl(OH) 7] 7}

A

Cad

el g e A ket 4
8] mafol]l tpgFo R Skt of
o A polyphenol oxidase?]|
RS

, A T AYrisE
(Kim et al, 2009).
dow gt
o] W&sto|ut
A 71E-0l

9=

=3
o] &l %74]
wF=0] polyphenol 3}
71 = 5“‘%(Kim 1977). 7]
T g FEEe
Fig. 4o YER AT
43 mg%®E AE &
Kim, Kang, eum, Ko &
A= s 3 WstE A9
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1,000.00
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Total polyphenol content(mg%)

0.00 -

Powder

Doraji type
types. *PValues with differents

superscripts in the same column are significantly different at p<0.05 by Duncan’s

Fig. 4. Total polyphenol content of Doraji

multiple range test.
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O DPPH radical scavenging activity

A AstE AdAA Y= HER AREEL 12w (Shon et al, 2001), DPPH= <t
Lgv)els 247 g %‘o ofm| - 2ta} ofazmEH AL HFEEE olul So] EAy A
2717 2AE AaFAe] gyl Ao A FAo g E‘H\ﬂgni -5L/\].§]_ 23
Fatsts SAol " Wyeltt. 53] A=A F Eeds
Mﬂﬂ% L e e P 1@ Zalvs ool §%¢z ﬂ

Adgelse Bt AA4E Felsel AAel wa o4 AEW AF F
g

N
N
>
)
-
N
i
fck
R
J}m
14
bol'
olr
LM
X,
_L
o
> =
rtr
o,
o%
s
o

al, 2002; Kim, Choi, & Kim, 2002). 7] A%& #H7} Azol F H7EQ
SobA gE(dx 3 el wE FEE dibs 245 Abskr] faE s =100,
200 2 300 ppm) DPPH radical 4~7# #A4S& ZAFSE 23= Fig. 591 YeERH AT =84
FEE9 FLEHE100, 200 2 300 ppm) A AAd F AxE 1571, 4232 2
79.07%°|H, BEEA|ELS 145 195 % 265%%2 MA T HAXRES A& 9
2AgAgel =A Yehddth olet e A¥= Park (20159 =EA FEES

AAE o] 52 A sx5, 10, 15 2 20 mg/mL)olA 57.80, 6852, 70.01 ¥ 75.02%=
Al st moldFE Aol SUkste Ads KHole A v Aot

= 100 ppm 200 ppm ™ 200 ppm
100.00
—_ a
& 90.00 - .
2 b '
= 80.00 - =
5]
L] 70.00 A
g
= 60.00 4
3
ﬁ 50.00 A [}
L]
]
o 30.00 A r_
<
f c
T 20.00 | o 5 el
a |
° o _J .
0.00 A T T
Dry Powder Ascorbic acid
Doraji type

Fig. 5. DPPH radical scavenging activity of Doraji types. *“Values with
differents superscripts in the same column are significantly different at p<0.05 by

Duncan’s multiple range test.

© ABTSs radical scavenging activity

ABTs® peroxyl radicale]tb AbalA|ol] ]3] <ol radicalZ2 AF3l¥ ™, ABTs radical
S s etgeteg Akl =4S 22 34 2= Re et al, 1999). ABTs &4
e FAaFo3A8 A (hydrogen—donating  antioxidants)®} ] Add Akl
(chain-breaking antioxidants) =55 4% 4 9o, & (aqueous phase)d 7]

F(organic phase) REFo| A& 7Fs3t 54 W o]t ((Nakabayashi, Ina, & Sakata,




1994). 715 AES Hr7tgk Ao Az F H7MEQ =g FH(xx 2 £ o
5o a3 FAS FAE] el =100, 200 2 300 ppm) ABTs radical
a7 B4& FAE A3 Fig 60 YeElATh =82 FEFE FEW(100, 200 2
300 ppm) 2AZAHLS A T AxE 1715, 43.02 2 61.63%0]H, LA ELS 938, 41.06
2 5276% = AA & AXRES AFET Y AAGA ] A YEUT =dA 9 7

H FEE AFERTGE AE S AxES AFESHE o] e A

bt o) g3t ol FAHBAS Lehe Aol 3

et
Y
lo
u
o

-
] A2 37 2w AR g ZolE JEHE Ao AR
o, A7 27 w2 AgS Folst= o] upEAsitia Al HE
H 100 ppm 1200 ppm 300 ppm

. 100.00
R
e 90.00
o
= 80.00
S
o 70.00
o
£ 60.00
o
E 50.00 -
5
9 40.00
E = I I I
o
od 20.00
w
E lo.m _J
=L

0.00 -~

Powder Ascorbic acid
Doraji type

Fig. 6. ABTs radical scavenging activity of Doraji types. *“Values with
differents superscripts in the same column are significantly different at p<0.05 by

Duncan’s multiple range test.

2) A FEE H7ME wE Aad 599 2 54

7h) A2 g5 do Ax Wl

7% RS UM Ao Az FoAVMEQ EHaXFH(E 9 B mE
FEE HIIH0NSFA gib] 1, 2 2 3%)o] w2 v gk My wWas AL
A3 Table 591 YeRATE A2y wisde Zx] FE2ES H7MEA &2
el L, a 9 bgkol 7262, -1.25 ¥ 378% ¥t ¥ S Jehlon,
AzETGA] FE2ELS HA7ZEWE iy 1, 2 2 3%)0] WoldSFE L 3o 7424, 70.87
2 6556% ol AFS yEuddew, agke -121, -081 ® -049% H7bEFo
=7} oS Btk bk 710, 874 2 10342 Aol Hojxx] H7bo]

Lo AgAs et Beres] FE2ES J/bF0EY o) 1, 2 4
3%)0] Wold 4= L k2 61.23, 61.07 ¥ 60702 v]szg AEgFS Yepddoen, azk
1.24 2 2 H7to] S7MEarsE H24S Bt bit& 1653, 17.05 2

i




17985 #40] QojAA Arkwe] Boldss Fe AFAL veult) ool A
AzEel FEEnt RuEed #3E2 W7 3
dehglon, Axme

=
ES
=gk L 2 oagks Blow, bt Eokdes 4Fe

3T o | =3 -1 == B S =
% slth Park (00009 webE AR WAl MRS 2AG A3 webq 2Rg
kgl FHESE Lgke pads dFolW, a % bgte 2FH T 4FS

Uehllel Ao A4 otk Ak vse

Table 6. Color value of seaweed snack dough liquid added Doraji type

Doraji Hunter’ color value
L a b
Control 72.62+1.90V? -1.25+0.23" 3.78+0.11"
1% 74.24+1.81° -1.21+0.15" 7.10+0.42°
Dry 2% 70.87+4.85" -0.81+1.29° 8.74+1.36¢
3% 65.56+1.43b° -0.49+0.03" 10.34+0.23°
1% 61.23+1.29¢ 0.63+0.11% 16.53+0.62"
Powder 2% 61.07+0.73¢ 0.98+0.13" 17.05+0.67
3% 60.70+0.96¢ 1.24%0.05° 17.98+0.50°
F-value 33.614"* 27.143"* 340.745™

DValues are means of quintuplicate determinations.

(a-f)

YMeans with different superscripts in the same row are significantly different (p<0.05) by

Duncan’s multiple range test.

W) AaY wrseie 24 W3

SHAFEH (R 2 2dd mE FEE HUMF@ESA oiv] 1, 2 9 3%)d &
Az wksde] EBEAWIE FASE Ad= Table 7ol YERASATL
5214 (adhesivenes)2 =g FH7EY] wrsde] A9 216833 g=E 7MY =okowH,
Az x] FE29 Hrbbs o] 1, 2 2 3%)o  whel 2049.33, 2051.00 2 2036.67

ol

g2 2% el 7MY E=A eI BEEakA] FE HAUbFWE o) 1, 2 9
3%)<2 11753, 109.84 2 119.75 g= 2% M7= 279 v =514 7F8 vhekow, 3%
A7reol b A YEFI AT 34 (cohesiveness) Z=EhA] 3 7he] vk olo] 79
10856% = 7hd vkgkom Ax=ebA] FEd A7 div] 1, 2 % 3% w2t

114.01, 11443 2 107.98% % H|S=3k kS HQow EIwgx FFd HI7FEHES
el 1, 2 2 3%)S 11753, 109.84 2 119752 20% H7bee hx=T39F v 5284 7H4

A

viotom 3% H7reol 7FE =4 YEFHAT o= Hwang & Kim (2007)9] =&}X
TS Hubs A7i"e RS HAMAA e A 2E MUl BETE SR =
Aes Ued Ae s dFolty. & A (springness)S  EekA] FF 719
HeS ool 79 134.14%, AxEgA F29 H7FEGEsd dib] 1, 2 2 3%)o  wet
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176.78, 17216 % 16355%= FH7}=Fo] Wold4E vrolx= AdS Ueddlen,

BuEd) 2E0 A/bFnEel dn 1,2 2 3%)< 11753, 16513, 15453 2 196.76%

A7 e wep zlo]lE Hlow, ol¢f e A= Hwang & Kim (2007)¢] =hA]
A7be d7ide] gEA FAA TEA] 2 HUbEe] BSEaE Sk
et Ade v s dgolth. WA (chewiness)S  =dbA] F3H7HY

o] 79 1383 golH, AxEHA FEE HI/FFEESA oiv] 1, 2 E 3%)of g}

Hop 254 golxe AEFES yvEigon, EUEdA FE=9 HIMHGISY

1, 2 % 3%)°] webr = ] B

A (brittleness)S =&HA] FH7be] wbEolol AL =

FeF(dbsso) ofn] 1, 2 2 3%)oll wet xR 254 ol AEde yEHl o,
A FE=9] HubEFOS Y gin] ks o] ) 2 3%%

Hoh =4 JEhsleh ol A

of EeAE AxEgA FEES 2% Wshs sl AAE slow

_>.: RE S N (- =)
4 12 o o

ML o & 2 rZoox MLt
N

e
1

0Q
Hu
fﬁ
m N
o
©

ft, S
Y

oz oY
N[>

Table 7. Texture of seaweed snack dough liquid added Doraji type

Texture parameters

Doraji Adhesivenes Cohesivenes | Springiness Chewiness Brittleness
s (g) s (%) (%) (g) (2)

Control 2168.33+1.53% 108.56+0.649 134.14+0.929 13.83+0.657 18.32+0.59%

1% | 2049.33+9.61™ 114.01£1.29™  176.78+15.06™ 9.12+0.11™ 16.12+1.29"

Dry | 2% | 2051.00+11.53" 114.43£5.06™  172.16%6.27" 9.15+0.40™ 15.77+1.16°

3% | 2036.67+11.84> 107.98+0.67 163.55+0.85" 8.68+0.021 14.31+0.14¢

Powd | 1% 2083.67+76.71 117.53+1.09" 165.13+2.82" 9.41+0.09" 15.55+0.40°

2% | 2094.33+45.52 109.84+3.86°  154.53+19.24" 9.38+0.23" 15.75+2.83°

er 3% | 2016.00£5.00¢ 119.76£2.07 196.67+6.33 9.59+0.16" 18.73+0.96
F-value 6.393" 8.930" 5.020" 94.912** 4238

DValues are means of triplicate determinations.

(a—d

YMeans with different superscripts *?in the same row are significantly different (p<0.05) by

Duncan’s multiple range test.
3) metx A7t A2we) EA 24

7h) E2iX| I dAde| JAME stk

U ERAS B4 AauA JPYEE ZNT AAE Table 59 ehdsl
& +S 240 mg/100 g, &3S 56 g/100 g, Zd9a 9 ¢/100 g
o|H, %‘%‘“ﬂﬂ% ??} AFolm 2 ZAW 30 g/100 g, ¥3A 1.7 g/100 go & v
W s E_gig.]/]‘, EdAA02 0 g/lOO gE e AT
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Table 8. Nutritional ingredients of Doraji seaweer snack

s o AUA R EA 7] F(%)
Calorie(Kcal/100g) 530
Na(mg/100 g) 240 12
Carbohydrate(g/100 g) 56 17
Crude protein(g/100 g) 9 16
Crude fat(g/100 g) 30 56
Trans fat(g/100 g) 0
Saturated fat(g/100 g) 1.7 11
Sugars(g/100 g) 1 1
Cholesterol(mg/100 g) 10 3
L) E2kX] o dad s"ot
S H7EA dHie o A AT A wet AE & dx E=gAE o]l &k 3o
golattt= dtet ot Eﬂ‘rﬂ A7 goll mE xave] 5 Hrle] A= Table 9
shopch A, Fvl, w29, Hew ¢4 JERe Ane daTe §959 2ol s}
JA 9 ek Wrbgel we msAe Brke AEEL A Aoz Aniel A
o7} = VhEREA ggkom. Ml wet Bede] Aol =AAE AFL el
o olol 29 FHTIE FRF /EHS D gov, FEHC dtu Atm Aok
Table 9. Sensory evaluation of Doraji Seaweed snack
) ) overall
Item Color Flavor Sweet bitters Acerbity
acceptance
Control 4.31+0.24*  3.87+0.26° 3.73+0.15° 3.75+0.12¢ 3.83+0.18" 3.75+0.11°
1%t 431+0.24*  4.15+0.14"  367+£0.17* 3.83£0.22° 3.87+0.26°  3.73+£0.15"
2% 424+40.14°  4.28+0.18" 3.46+0.33"° 3.95+0.11°  4.13+0.1*°  3.83+0.22°
3% 3.81+0.18° 4.22+0.18*  3.35%x0.19° 4.14+0.18" 4.21+0.20*® 3.35%x0.19°

DValues are means of triplicate determinations.

(a—d)

PMeans with different superscripts

Duncan’s multiple range test.

Ch Z2tx| ot Z2AHol AZAM ZA

AZE mR B A F5R AR 2% WA 0ol N2 Az 3
ol 2% H7F ZebA] AaWS AFRoA HastHA 39 @92 nAE
A3 Table 109 2ol A% 717t Bk qFEe AFHA 2k Ak

o2 o
ZAFT

pA

& rlo
ot

o 4‘

=

A% &
1849
% A4

N

] 1.9¢10° CFU/g ©] A=A ou, A% 6ol 2.110°
A

iy

12 2
lo “N
R
é -

2

TG HEZF Hastrha Az

2.1x10° CFU/g® © o|4 Z7}al#] &gttt o= Alx

in the same row are significantly different (p<0.05) by

o

CFU/g® Z7}5
A ol de] 2
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Table 10. Microorganism of Doraji seaweed snack on storage period at 25C
(unit: CFU/g)

) Microoganisms
Storage period(days) General bacteria E. coli
0 1.9%10°0 N.D?
3 1.9%10° N.D
6 2.1%10° N.D
9 2.1%10° N.D
12 2.1x10° N.D
15 2.1%10° N.D
18 2.1x10° N.D

DValues are means of triplicate determinations.

YNot detected.

7 wEs Hutek Aad Az F HIMEQ dF FHEE 2 ) E AlE e
ot dYdES A A= Table 110 YeEUQlth FRE8HF2 Ad & dedxE
By E#9AFo] 25 @A Ueyow, R dEFS Ad F deidxzEe] 9T
3B AHAE =2 A4S YEAT Na 3532 Ad & dedzs1t 9450l 436%
A% =e A% A B3l AES Fel g2 g JAHRe) o] Aol =
Hol= Aog Hol EI AFHUE Al T dd AFXRES A8t Aol 5 o=
Az
Table 11. Nutritional ingredients of Jujube types

Jujube

Dry Powder
Moisture(%) 10.04 7.26
Carbohydrate(g/100 g) 79.32 82.40
Crude protein(g/100 g) 7.32 7.38
Crude fat(g/100 g) 1.19 1.29
E WA (g/100 g) 0.00 0.00
EZ3FA W (g/100 g) 0.04 0.10
Crude ash(%) 2.14 1.67
<& ZF(Kcal) 357 371
T+(g/100 g) 56.61 39.94
= 2" & (mg/100 g) 0.00 0.30
Na(mg/100 g) 0.82 3.58
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Table 12. pH, sugar content, Hunter’ value color, brown color and turbidity of

Jujube types

Sugar Hunter value color
Brown o
pH content Turbidity
. L a b color
(°brix)
5.24+0.01" 45.70+0.1 25.13+0.1
Dry ) 4.43+0.05° & 5.86+0.07° 1 1.90+0.01* | 0.43+£0.01%
b b | 7942400 | -1.67+0.0 | 25.42+0.0 b b
Powder | 5.16+0.00° | 2.73+£0.05 o b o8 0.74+0.01° | 0.14+0.01
Foval 490818.20 | 6753.500™ | 363582.65 | 27469.877 | 146741.33 | 130417.85 | 13052.798
-value

UValues are means of triplicate determinations.

(a-b)

YMeans with different superscripts in the same row are significantly different (p<0.05) by

Duncan’s multiple range test.

Ch fe2loto| =& &HaF

7l AiEs HA7Me A Az F H7FES] dFe FHGix 2 S e F
59 flofolmit gHS AN Ay Table 130 YERHAT dFE fE oty
AF F 8F ¢ Hgroln| =4k FoA] isoleucine, leucine, valine, histidine ® arginine 5% ©]
HEF Qo wjd ol At = alanine, glutamic acid 2 proline 3% HEH A, 7]
B} fgo}n At 5 gaba, ethanolamine ammonia %°] #HEYJct F A 87} %]H]Oﬂ uh
& frelotrlmAakel o] ApolE uEhal 9low, o] AFAY] B AbA O WE Aol
2 Algs gt
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Table 13. Free amino acid content of Jujube types

Jujube
Dry Powder
Asparagine 0.00 0.00
Glutamic acid_Glutamine 3131.76 1404.61
Proline 1371.77 1326.98
Glycine 0.00 0.00
Alanine 37.28 20.48
Citrulline 5.26 0.00
a-amino—n-butyric acid 0.00 0.00
Cystine 0.00 0.00
Gaba 55.56 29.67
Ethanolamine 350.33 502.03
Ammonia 23.80 16.51
Phenylalanine 0.00 0.00
Valine 3.98 3.25
Methionine 0.00 0.00
Isoleucine 0.00 0.00
Leucine 5.61 0.00
Lysine 0.00 0.00
Histidine 0.00 1.83
Arginine 51.80 21.63
Total amino acid 5,037.15 3,326.99
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2,000.00 -
1,500.00 -
1.000.00 -
500.00 -
0.00

Powder

Total polyphenol content(mg%)

Jujube Type

Fig. 7. Total polyphenol content of Jujube types. ®"Values with differents
superscripts in the same column are significantly different at p<0.05 by Duncan’s

multiple range test.

© DPPH radical scavenging activity

s Aee A A2 Axe F Ve dF FHEzE 2 Edd wE
FEE a3t g8 A8 Y8l 100, 200 2 300 ppm) DPPH radical 271
S 2ASE A= Fig. 89 YT diF FE=9 54100, 200 2 300 ppm)
2AGHS A & AxE 295 505 F 77.5%0]H, i+ dx ﬂ%% 20.21, 46.6 2 65.89% =
AR F AxES AHES 79 2] Blud A4 Yetdli Atk 300 ppme] F el A
=<1 ascorbic acid 2] 85.6% W99 AAZAHS Hola Q)

— =100 ppm 200 ppm = 300 ppm
g 90.00 -
2 80.00 -
% 70.00
g 50.00 -
% 30.00 -
% 10.00 J
200 Ascorbic acid
Jujube Type

Fig. 8. DPPH radical scavenging activity of Jujube types. #“Values with
differents superscripts in the same column are significantly different at p<0.05 by

Duncan’s multiple range test.
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© ABTs radical scavenging activity

A7vek A Az F H7FEQ dFe FHix 2 S e F

T (100, 200 2 300 ppm) ABTs radical 27
Fig. 9o Yelliith 5 559 FX=¥ (100, 200 2 300 ppm)
2AGAHLS HAE ¢ AxE 3052, 7696 E 85.25%0]|™, EUAES 894, 2725 H
317% = Ad & AxES AFET o A =4 YEATE A §F s
300 ppme] FXZolA tEF<1 ascorbic acide] 95% AHE9] AAEAES Hola Ut =
Ao 7 Al 5XEe] Aol wH|SHAIRE o] F A FZFO] Zpol7f W o Hol &

SAFRTE A F AZES ASdE R0l e ARG olgaldl AW Aow
A 7HA T

= 100 ppm 200 ppm m 300 ppm
100.00

E  90.00 - b e

= =
b a

& 80.00 -

.S I

o 70.00 -

T

=]

£ 60.00

g

% 50.00 - C

=

S 40.00

i b c

g 30.00 - _

© 20.00 -

- C

o 10.00 - |

> ||

0.00 -~ T T
Dry Powder Ascorbic acid
Jujube Type

Fig. 9. ABTs radical scavenging activity of Jujube types. “*Values with
differents superscripts in the same column are significantly different at p<0.05 by

Duncan’s multiple range test.

7h) tiF Hotzko]| wE gkxool M w3
gFEF(dx 2 ol e FEE9 H7FFW= b 1, 2 2 3% wE
Ay ko] MeEwmstE A A3l Table 149 YeER A 8 vk oo 5
FEES HUFeHA @2 9 Lk, agt B obgko] 7262, -1.25 % 378%E i @&
=3Aas Yehlidlen, AzxdF FEES H7H@EES oib 1, 2 9 3%)9]
Hold4= L 32 6712, 6756 2 67942 v|23 S UERUYen, aghte - 1.88,
-1.79 4

S15E Wbl F184% 234 HeMe wgth b 816, 870 2
898% Aol HolAA Wrkdel wWoldss e A Jepiad. rudi
= o

FEES AR dn] 1, 2 2 3%)°] BobdS L gt 40.34, 3885 B 35.06%

Aol S7hEes YokA= A¥FS dEUden, agt 965 1062 = 1244%
A7vo] S7METE F2S Btk bik2 2023, 21.78 2 22328 Alo] Hojx A
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bl woldss R AWML Yenith oldel ARz AzdF FEEud
EUaF FEES HUISE wrsdo] HEe =g yeguydow, AxUF FEE
A7bFS db=d o] 1 9 2% H7FA] gz v2s L 2 agks HYom, bat
FolAE Agos B FAL S Fo & 5 A
Table 14. Color value of seaweed snack dough liquid added Jujube type
) Hunter’ color value
Jujube Type L a b
Control 72.62+1.90V% -1.25+0.239 3.78+0.11
10% 67.12+1.20° -1.88+0.02¢ 8.16+0.33¢
Dry 20% 67.58+0.86" -1.79£0.04¢ 8.70+0.34
30% 67.94+2.25" ~1.55+0.03% 8.98+0.47°
10% 40.34+0.36° 9.65£0.51¢ 20.23+0.31°
Powder 20% 38.85+0.32° 10.62+0.21" 21.78+0.76"
30% 35.05+0.62¢ 12.44+0.60° 22.32+0.49%
F-value 830.9323% 2192.168+** 1529.987 5

UValues are means of quintuplicate determinations.

(a-f)

YMeans with different superscripts in the same row are significantly different (p<0.05) by

Duncan’s multiple range test.

Az g 2 nE FEE MRS o8 1, 2 3 3%)e wE

£ = xAMg A= Table 159 dERAATH
Mol AHg- 216833g=E  THE  =goH,
3%)ell whel 2095.00, 210867 2 2060.00

4
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e
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\]

g2 2% 7bol 7HE =A dEhdgld & 4
3%) 2092.00, 2157.33 H 197733 g= 4 dF FEE 2% HUMEE gzt
HS2ehAl 7HE wekow, 3% HIbdel 7B WA YEid
i F37Ee] RS A9 10856% = 7HE stkoem, Hdx

C oy

t}. %34 (cohesiveness)S
o

F F29 PHEREY
e 1, 2 2 3%)el  wek 11541, 11851 H 10951% = H]5=3k s B orm, Fdg+

FE HAAFOREA oiv] 1, 2 2 3%)2 10934, 14277 2 11315% 2 B thF
FEE 2% HUMES HE =4 JdEddleH, dx dF FE5 3% HUbEe] 7HE A
olet €= A (springness) 5 FH7Ee] wkSdlol A9 134.14%, dxuF
FEA H7PFORSA giv] 1, 2 2 3% wef 17879, 181.41 2 15249% =, EE O F
FEd HrbgObSe e 1, 2 2 3%)2 180.80, 23491 % 155.30% = 2% H7}EFo]
=4 deRdidch W4 (chewiness)2 tl5 F3 7] vk A9 13.83 golH,

AzUF FE22 H7FF0SS dib) 1, 2 2 3%)e wel gx2TRT a5 SolA] =
Aee YElYow BEUgSE FEE] H7FEF0SEY dib] 1, 2 2 3%)2 9.10, 11.14 2
873 g& 2% H7F=Fo]l x+< 7H wszskAl YER A Y. F4 H (brittleness)S W3
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1696, 1722 2 1333 g2 2% H7bFe]l 7b¢ =A  dE =&
A7b(Rso) oiv] 1, 2 9 3%)& 16.39, 2332 B 1363 g& 2% W7kl /M =4
UERATE o] e At dFge(dx % 2 mE A kel fiFs
AzdsF FE=s 2%H7Mee dxz7e vsd A%s deide] A4 Zo=
7t

Table 15. Texture of seaweed snack dough liquid added Jujube Type

Texture parameters
Jujube Type | Adhesivenes | Cohesivenes | Springiness Chewiness Brittleness
s (g) s (%) (%) (g) (g)
Control 2168.33+1.53* | 108.56+0.64" 134.14+0.92° 13.83+0.65° 18.32+0.59%
1% | 2095.00+50.51% | 11541+ 493" | 178.79+ 9.02% 9.17+0.39° 16.96+1.66°
Dry | 2% | 2108.67+56.45"| 11851+ 3.23" | 181.41+1351% 9.48+0.26° 17.22+1.70%
3% | 2060.00£50.92%| 109.51+ 2.20° | 152.49+ 571% 8.72+0.18° 13.33+0.77
Powd | 1% | 2092.00+66.34" | 109.34+ 1.06” | 180.80+ 5.29% 9.10+0.80° 16.39+1.90%
2% | 2157.33+18.04% | 142.77+24.80° | 234.91+42.17° 11.14+0.58" 23.32+9.55°
er 3% | 1977.33+37.02*| 113.15+ 9.81" | 155.30+ 2.06 | 8.73+0.09° 13.63+0.30
F-value 1.000 4.040 2.115 44,461 2.291

DValues are means of triplicate determinations.

(a-d)

PMeans with different superscripts in the same row are significantly different (p<0.05) by

Duncan’s multiple range test.

Azg gF5 H7ks g g TS ARG 23+ Table 169 YeERURITh &

2 180 mg/100 g, ©3= 56 g/100 g, =H4Wd 9 g/100 g
ZA 30 g/100 g, E3AH 1.7 g/100 g2 v A E
0 g/100 g5 “EFI ST
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Table 16. Nutritional ingredients of Jujube seaweed snack

ot & A FABRIEA T F(%)

Calorie(Kcal/100g) 530
Na(mg/100 g) 180 9
Carbohydrate(g/100 g) 56 17
Crude protein(g/100 g) 9 16
Crude fat(g/100 g) 30 56

Trans fat(g/100 g) 0
Saturated fat(g/100 g) 1.7 11
Sugars(g/100 g) 2 2
Cholesterol(mg/100 g) 10 3
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Table 17. Sensory evaluation of Jujube Seaweed snack

) ) overall
Item Color Flavor Sweet bitters Acerbity
acceptance
Control 4.30+0.24*  3.87+0.16° 3.70+0.15* 3.75+0.12¢ 3.81+0.14° 3.75+0.11°
196t 431+0.24*  4.05+0.14> 363+0.15° 3.80£0.12° 3.86+0.16° 3.76+0.13"
2% 4.24+0.08"  4.15+0.13* 3.47+0.20° 3.97+0.10° 4.14+0.12*  3.85+0.12
3% 3.96+0.11¢ 4.20+0.16*  3.38+0.15° 4.15+0.11* 4.20+0.15* 3.55+0.11°

UValues are means of triplicate determinations.

(a=d)

YMeans with different superscripts in the same row are significantly different (p<0.05) by

Duncan’s multiple range test.
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Table 18. Microorganism of Jujube seaweed snack on storage period at 25T
(unit: CFU/g)

. Microoganisms
Storage period(days) General bacteria E. coli
0 1.1#10°D N.D?
3 1.1x10° N.D
6 1.1%10° N.D
9 1.4%10° N.D
12 1.4%10° N.D
15 1.4%10° N.D
18 1.4%10° N.D

DValues are means of triplicate determinations.

YNot detected.
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