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ABSTRACT

This study investigated the quality characteristics and antioxidant activities of rice cookies
prepared with different amounts (0, 1, 3, 5, and 7%) of Cheunggak (Codium fragile) powder
(CP). The moisture and sugar content, and salinity of CP were 7.08 + 0.06, 5.47 + 0.07 °Brix,
and 1.73 £ 0.03, respectively. The L, a, and b values of CP were 52.29 £ 0.12, —3.10 £ 0.03,
and 19.98 £ 0.09, respectively. The total polyphenol and flavonoid contents, plus 1Cso values
of 1,1—diphenyl—2—picrylhydrazyl (DPPH) and 2,2'—azino—bis(3—ethylbenzothiazoline—6—sulfonic
acid) (ABTS) radical scavenging activities of the CP extracts were 141.39 + 9.89 mg TAE/g and
10.09 £ 1.23 mg QE/g, 3,985 pug/mL and 2,932.23 ug/mL, respectively. As the percentage of
CP increased, the moisture, crude ash, crude fiber content, sweetness, salinity, hardness, width,
and spread factor of the CP rice cookies tended to increase. On the other hand, the Hunter
color properties (L, a, and b) of the CP dough and cookies decreased as the amount of CP
increased. As the amount of CP increased, the total polyphenol and total flavonoid content of
the CP rice cookies tended to increase, as did the DPPH radical, ABTS radical scavenging activity,
and ferric—reducing antioxidant power (FRAP) values. The results of the sensory evaluation showed
that the preference was higher for rice cookies prepared with the addition of CP than the control
group, and the 1% and 3% CP—added groups showed a relatively high preference. These results
suggest that CP, as a natural antioxidant, would be a good functional ingredient and enhances
the consumer acceptability of rice cookies.

Key words: Cheunggak powder, rice cookie, quality characteristics, antioxidant
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2008; Lee & Kim 2019).
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Table 1. Ingredients of rice cookies prepared with different amounts of Cheunggak (Codium fragile)

powder
. Treatment”
Ingredients(g)
Control Cl C3 C5 C7

Weak rice flour 300 297 291 285 279
Cheunggak (Codium fragile) powder 0 3 9 15 21
Butter 180 180 180 180 180
Sucrose 120 120 120 120 120
Salt 1 1 1 1 1
Egg 60 60 60 60 60
Baking powder 3 3 3 3 3

YControl: Rice cookies added with 0% Cheunggak (Codium fragile) powder(w/w)

C1: Rice cookies with the addition of 1% Cheunggak (Codium fragile) powder(w/w)
C3: Rice cookies with the addition of 3% Cheunggak (Codium fragile) powder(w/w)
C5: Rice cookies with the addition of 5% Cheunggak (Codium fragile) powder(w/w)
C7: Rice cookies with the addition of 7% Cheunggak (Codium fragile) powder(w/w)
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2 AFA AEE T8 9 BT datay
SPSS 29.0 P/C package(Statistical Package
for Social Science, SPSS Inc., Chicago, IL,
USA)E &-&sle] S EAsIsitE ddad A
TEFOAE HAE LM, p<0.05 Tl A
Duncan’s multiple range testE E3lx] 57 3|

Frelge AR

. 2x %2 3%

1. 747t o) olsiela 543 A4 559
ksl g4

A7t we] i 3, 9E, A 2 AEE

®43 A= Table 294 g}, A 7F ko)

B Sheke 7.08 + 0.06%, Y 5.47 +

7
07°Brix® 5%
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sl em, A HEs v
T

18.98 £+ 0.09°0.2 ZAFUch 7z} B of
FEEo & Zovey £ ZEE -

DPPH e}tz 2713 ABTS @z 275S

Table 2. Moisture content, °Brix, salinity, and
color values of Cheunggak (Codium
fragile) powder

Items Cheunggak
(Codium fragile) powder
Moisture content (%) 7.08 + 0.067
°Brix (sugar content) 547 £ 0.07
Salinity 1.73 + 0.03
Color? 52.29 + 0.127
values a -3.19 £+ 0.03
18.98 + 0.09

YL value: degree of lightness, a value: degree of
redness, b value: degree of yellowness

DAIl values are expressed as mean * SE of triplicate
determinations

o

=43 A3p= Table 33 2o} H7F B ofgt
FE=E9 F EYdlE FE2 141.39 £ 9.89
g TAE/g, & Zolr-o]l= =S 10.09 +
.23 mg QE/g2. & et} Prak et al.(2022)
o] A7t oleks FEEC] ¥ FYden T 2
Hi-ole ke 7b7} 1376 £ 0.27 mg CE/gd}
8.69 + 0.69 mg QE/g A&F Yt KBl
B Aol A ARE A7 olehe FEEe] Fits)
4ol v gol F1HAT} g B
Z=°] DPPH @tz 27159 1G5 #42 3,985
ug/mLol AL, ABTS ehtlzt 27159 1Cs #b2
2,932.23 pg/mLe]t}. Lee & Kim(2019)%

A7t ol FERS PUS BYES 39 An

=

—

il

0 r

FE o]43 shtsl &4 ATFs Ay A7t
&g FEE2] ABTS 2z 2759 1Cs
£ 2.42 mg/mL(Prak et al. 2022), A5 7 et
e FE=2] ABTS gl 2459 1G5 7}
7} 0.07 mg/mL$}F 0.08 mg/mLo]AtH Son et
al. 2016).

Table 3. Antioxidant activity of ethanol extracts
of Cheunggak (Codium fragile) powder

Cheunggak (Codium fragile)
powder ethanol extracts

Total polyphenol
(mg TAEY/g)
Total flavonoid
(mg QE?/g)
DPPH radical
scavenging 1Cs”
(ug/mL)

ABTS radical
scavenging 1Cs”
(ug/mL)

YTAE: tannic acid equivalent

141.39 + 9.89”

10.09 + 1.23

3,985.08

2,932.23

2QE: quercetin equivalent

MCsp (ug/mL): Concentration in xg/ml required
to scavenge 50% of the radical

YAl values are expressed as mean * SE of triplicate
determinations
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2. A7 % W BT FA5H
D 7w Ak aesle) A 33

= ET 3.28 £ 0.08, 1% H7K*: 3.34 £
0.08, 3% Z 7} 3.37 £ 0.03, 5% 7}~ 3.82
+ 0.02, 7% H7}14.05 £ 0.020.7 A7} B
o] 7k St whet i TS oAl 5
7k Fol& Bl v £ H7F 5] A4
A} (Jung & Lee 2011) % ©]¢} A=, ©]
= AT Y AR S AeldRat =
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o #8 FRES F7PI7ID 719 SR

5, 7% H7ktS Z+2F 0.53 + 0.01, 0.76 +
0.01, 1.41 + 0.03, 1.88 + 0.04, 2.44 + 0.01
2 SAEAT AT T g2, R
21, 3,5, 7% #7742 6.67 £ 0.06,
6.71 + 0.02, 6.79 + 0.05, 7.15 + 0.03, 7.57

+ 0.032 SAEA = 74 & Ah g &

} Hou}
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HEE 119 £
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o]th(Holdsworth 1971).

0.03 g/mLZ 7}

5 7% A7N\-e 2zt
04, 1.12 £+ 0.06, 1.08

AT o] Bk 79 H 7o)

Table 4. Proximate composition of rice cookies prepared with different amounts of Cheunggak

(Codium fragile) powder

Treatment"
Items F-value
Control C1 C3 C5 C7

Moisture 3.28 + 0.087<Y 334 £ 0.08 3.37 + 0.03° 3.82 + 0.02° 4.05 + 0.02° 42523
Crude protein 28.56 + 0.22  28.85 + 030 29.32 + 0.31 29.40 + 021 29.75 + 0.38 2,616
Crude lipid 5.16 % 0.35 499 £ 0.05 494 + 005 493 £ 004 494 + 0.01 0.362
Crude ash 0.53 + 0.01° 0.76 + 0.01¢ 141 + 0.03 1.88 + 0.04° 244 * 0.01* 1,154.188"""
Crude fiber 6.67 * 0.06° 6.71 + 0.02° 679 + 0.05 7.15 + 0.03° 7.57 + 0.03*  75.880"""
Carbohydrate  55.79 + 0.46* 5535 + 0.37° 54.17 + 0.39° 52.82 + 0.25° 51.25 + 0.41¢ 2372177

YCheunggak (Codium fragile) powder (1, 3, 5, and 7%) was added based on the total weight of rice flour
PAll values are expressed as mean + SE of triplicate determinations

3Values with different superscripts in the row are significantly different among groups by Duncan’s multiple

range test
"p<0.001



Table 5. Density value of dough and °Brix and salinity of rice cookies prepared with different
amounts of Cheunggak (Codium fragile) powder

Treatment” Fovalue
Control C1 C3 C5 Cc7
Density (g/mL) 1.19 + 0.03™ 116 + 0.03 113 + 0.04 112 £ 006 108 + 0.04 1.102
°Brix 1059 + 0.15%% 1144 + 003* 1161 + 0260 11.23 + 019" 11.73 + 0.18 6.478""
Salinity 001 + 0012® 002 + 001¢ 012 £ 001° 017 + 002> 022 + 0.01° 92.043™"

YCheunggak (Codium fragile) powder (1, 3, 5, and 7%)

was added based on the total weight of rice flour

DAl values are expressed as mean + SE of triplicate determinations

Values with different superscripts in the row are significantly different among groups by Duncan’s multiple

range test
YNS: not significant
"p<0.01
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Table 6. Spread factor of rice cookies prepared with different amounts of Cheunggak (Codium

fragile) powder

Treatment” Fvalue
Control C1 C3 C5 Cc7
Width(mm) 52.48 + 0.107% 53.34 + 0.1> 53.42 + 0.14"> 53.56 + 0.17° 54.62 + 0.15 31.162""
Thickness(mm)  10.78 + 0.02°  9.80 + 0.02> 9.86 + 0.03* 9.77 + 0.02° 9.50 + 0.02¢ 457367
Spread | 487 + 001 544 + 001° 542 + 001" 548 + 003" 575 + 0.01° 379276
ratio(w/t)

YCheunggak (Codium fragile) powder (1,
DAl values are expressed as mean + SE

3, 5, and 7%) was added based on the total weight of rice flour.
of triplicate determinations

Values with different superscripts in the row are significantly different among groups by Duncan’s multiple

range test
“Spread ratio(w/t): Width (mm)/Thickness (mm)
""p<0.001
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AFE 574 A= Table 67 2t} 7F B
A7F #A7)e) AAL FxT 52.48 + 0.10
mm, ¥z E% 1, 3, 5, 7% A+ zHzt

53.34 + 0.1, 53.42 + 0.14, 53.56 *+ 0.17,
54.62 + 0.15 mm= S AT A7) 9] FA
= tixto] 10.78 £ 0.02 mm, ¥zH B 1, 3,
5,7 A7WEe 27F 9.80 £ 0.02, 9.86 £ 0.03,
9.77 + 0.02, 9.50 + 0.02 mm%E 3% HA7-S
AlQlekaL F 7 o] bl met gro] FhAst
= Ao AU A7) HAE q}&_

& 247} 544 + 0.01, 5.42 + 0.01, 5.48 £

0.03, 5.75 + 0.01 0.2 TR} 25 =4 1}
Epskon, Azt 2 Uikl 71 w}ﬂ‘r s
A% Folal Srkekdek F719] A7 HAA
< FTE AEA 0] & IR Wt FIA

Z& WM FH AxE Fgﬂoi@‘jr 714

3 3R Cho et al.
2006). T-71AH(Park et al. 2005),
& Park 2006) &% H7} 7oA = %7}%1 5
712 WA o] ZlE= S Ho] SE 8t
o] ZHastel we HFA o] 71 FloR Bl
w3 ot B Ao Ae A7t Fel Mt
7ol whe} S o] Skl o n® ok A
T} AA7F dAsHA] exskek 2eu W B
71t A7) Aol e v B HA7F
of whebA] whsre] it g F719] HYA
Z7V8k] (Jung & Lee 2011) ¥ A5t} w] =3k
AE Bolvh g Bg ke F719] A
M g &2 A7 STk e 254 54

avh, shele) 4 O 5 ve BaY 54e

M2 % (Jeon

ﬂl

4. A7F 2 A7F AT 0] Amet oF EA
7F S vk A7) Rk izl A
718] M ZA Ao} €3 542 Table 7%
Fig. 1eA19} 2t} F7]¢] Azh2
3} Fhebd gkgol oJs) @S Wil alLolA 2
Hato] F719] Ao Faks Frkal dEA dvt
(Lee et al. 2007). %7} -8 37kt 2&57] gk
9] A9 HE(Lih tlxro] 74.81 £ 0452
7V kA, A7 w1, 3,5, 7% Bt 7t
7} 61.74 + 0.34, 55.57 + 0.44, 52.32 +
0.64, 47.25 + 0.370.% Azt B2 A7k F7}
of whebx] 7HAERlnt. olegt Avl= A7} o]
B A1 AR of g S W] al QL] wfjiel]
H7FF S7bell whebA] Lgke] WA Yehi= 3o
2 A EEY, HAE(agh) = tlEae] 5.22
0.09, 2z} B2 1, 3, 5, 7% A7HES 242} 0.69
+0.03, —1.33 £ 0.08, —1.92 + 0.04, —2.14
7 & 7kl me} aghk>
2+ 2~3h ). w_ﬂg( %})L tzto] 34.30 +

i 1, 3,5, 7% A7k 7t
7} 29.64 + 0.16, 26.01 + 0.30, 24.48 +
0.25, 22.40 £ 0.17 %S Hof A7 B¢ A7k
7ol wEbA bk HAF A om FAAegith A

\G

nho]of kg

Hd

H
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Table 7. Hunter color properties (L, a, and b) of dough and rice cookies prepared with different
amounts of Cheunggak (Codium fragile) powder

Treatment”
F-value
Control Cl1 C3 C5 Cc7
L 7481 £ 0457 66.74 = 0.34" 55.57 + 0.44° 5232 + 0.64% 47.25 + 0.37° 593277
Dough a 5.22 + 0.09° 0.69 = 0.03* -1.33 + 0.08° -1.92 + 0.04¢ -2.14 + 0.05° 2,532.754"""
b 3430 = 0.15* 29.64 = 0.16" 26.01 + 0.30° 24.48 + 0.25¢ 22.40 + 0.17° 485.635"""
L 7891 % 031* 7380 % 0.69* 6590 + 1.13° 62.64 + 0.05¢ 60.20 + 0.46° 133.125"""
Cookie a 220 £ 0.10°  -0.25 + 0.09" -2.93 + 0.09° -3.69 + 0.09¢ -4.32 + 0.11° 807.757 "
b 3317 + 0.18  29.87 + 0.16" 29.51 + 0.14* 29.30 + 0.21° 27.79 + 0.14° 135951

UCheunggak (Codium fragile) powder (1, 3, 5, and 7%) was added based on the total weight of rice flour
DAl values are expressed as mean + SE of triplicate determinations
Values with different superscripts in the row are significantly different among groups by Duncan’s multiple

range test
""p<0.001
Treatment”
Control C3
Dough
Cookie

Fig. 1. Color of dough and rice cookies prepared with different amounts of Cheunggak (Codium
fragile) powder.

7 g A7 AFIE - § A (crust) ] A o], Fzt B2 1, 3,5 7% HA7ES 29.87
T Lk tixat 78.91 + 0.31, Hzh B, + 0.16, 29.51 + 0.14, 29.30 + 0.21, 27.79
3,5, 7% A7kt 2+7F 73.80 £ 0.69, 65.90 + 01402 37t B2 7tk Skl wat bike
+ 1.13, 62.64 + 0.05, 60.20 + 0.46% =4 HAxF 74k ol A7 Bie Wik Az
= o] WZ?O] 7V =k, A7 2 R S Sk Auho] A9 A7} el Hrlefe] T

7hell whet ZAakglvh aghS thEato] 2.20 £ = LaL, agt 2 bgte] 5 li%}—t— BEe 1ol
0.10, Hzt B 1, 3, 5 7% HA7kte 24zt U

—0.25 £ 0.09, —2.93 £ 0.09, —3.69 + 0.09, ol&
—4.32 £ 0112 H7F &4 H7bg S7tol] wet a S
WS ST bk thxaro] 33.17 £ 0.18
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Table 8. Hardness of rice cookies prepared with different amounts of Cheunggak (Codium fragile)

powder

Treatment’

)

Control C1

F-value
C5 C7

Hardness

(g/cm?)

883.62 + 7.217"Y 864.44 + 11.14" 843.83 + 19.17° 661.03 + 14.90% 472.20 + 35.95 75.752"""

YCheunggak (Codium fragile) powder (1, 3, 5, and 7%) was added based on the total weight of rice flour

DAl values are expressed as mean + SE (n=5)

Values with different superscripts in the row are significantly different among groups by Duncan’s multiple

range test
""p<0.001

Table 9. Sensory evaluation (acceptability) of rice cookies prepared with different amounts of

Cheunggak (Codium fragile) powder

D

Treatment
[tems F-value
Control Cl1 C3 C5 Cc7
Appearance 5.00 + 0.452°9 340 + 0.51° 3.40 + 0.40° 500 + 0.45 520 + 058  3.621
Flavor 3.80 + 0.37 3.60 + 024 500 + 032 420 + 037 440 + 0.60  1.875
Color 420 + 0.73 400 + 032 4.00 + 032 5.60 + 0.68 4.80 + 0.49 1.639
Taste 3.00 £ 0.55° 480 + 0.37° 4.80 + 0.37° 3.80 + 0.66 3.20 + 0.37°  3.155
Texture 3.60 + 0.68 440 + 051 4.80 + 0.66 3.80 £ 0.37 320 + 037  1.417

-+

Overall acceptability 3.80 + 0.58 420 + 0.37

480 + 0.37 340 £ 0.51 3.00 = 0.32 2.490

VCheunggak (Codium fragile) powder (1, 3, 5, and 7%) was added based on the total weight of rice flour

PAll values are expressed as mean + SE (n=5)

Values with different superscripts in the row are significantly different among groups by Duncan’s multiple

range test
"p<0.05
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Table 10. Sensory evaluation (intensity) of rice cookies prepared with different amounts of

Cheunggak (Codium fragile) powder

Treatment"
Items F-value
Control C1 C3 C5 C7

Cheunggak flavor 0.007°9 240 + 0.24% 3.80 + 0.20° 4.80 + 0.37° 6.40 + 0.40*° 73.900"""
Savory flavor 340 + 051 3.80 = 0.37 4.00 £ 055 3.00 £ 045 3.40 + 0.60  0.603
Crack 3.60 + 0.60 4.00 = 0.71 3.60 £ 0.51 2.80 + 037 2.60 = 0.68 1.023
Brownies 3.00 £ 0.45° 340 + 0.40° 520 + 0.37° 3.20 £ 0.37° 3.00 + 0.55°  4.617"
Roasted nutty 3.80 £ 0.80 4.00 + 0.32 440 = 051 3.40 = 040 3.00 £ 0.63 0.936
Hardness 3.80 + 0.37% 6.00 £ 0.55° 5.60 + 0.75° 4.00 + 0.32° 320 + 0.58¢ 51117
UCheunggak (Codium fragile) powder (1, 3, 5, and 7%) was added based on the total weight of rice flour

PAll values are expressed as mean + SE (n=5)

Values with different superscripts in the row are significantly different among groups by Duncan’s multiple

range test

“p<0.01, "*"p<0.001
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Table 11. Total polyphenol and total flavonoid contents of rice cookies prepared with different
amounts of Cheunggak (Codium fragile) powder extracts

Treatment”
F-value
Control C1 C3 C5 C7
Total polyphenol .
Otal POYPRENOL 510 61 + 471999 21976 + 221 22588 + 3.06™ 232.61 + 2.33° 24029 + 296 12.774

(mg TAE?/g)

Total flavonoid

d
(mg QE?/g) 0.49

447 + 027

I+

6.38

I+

12.31

+ 1.26" 179.4417°

+ 0.37°

0.70¢ 18,51 = 27.81

YCheunggak (Codium fragile) powder (1,
PTAE: tannic acid equivalent

3,

JQE: quercetin equivalent
PAll values are expressed as mean * SE (n=3)

5, and 7%) was added based

on the total weight of rice flour

Values with different superscripts in the row are significantly different among groups by Duncan’s multiple

range test

**p<0.01, “""p<0.001
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Table 12. Antioxidant activities of rice cookies prepared with different amounts of Cheunggak

(Codium fragile) powder

Treatment” Fovalue
Control C1 C3 C5 C7
DPPH radical
scavenging activity 3.87 + 0.322¢Y 835 £ 0.62¢ 11.48 + 0.58° 17.76 + 1.08" 24.33 + 0.70° 130.461°""
(%)
ABTS radical
scavenging activity  8.31 * 0.467<Y 13.97 £ 0.85¢ 24.97 + 0.81° 32.34 + 1.28" 39.96 + 1.98° 117.800"""

(%)

FRAP value mM) 10.30 + 0.407% 10.68 + 0.32¢ 16.36 + 0.50° 25.13 + 0.95" 28.55

0.77* 173.267""

I+

UCheunggak (Codium fragile) powder (1, 3, 5, and 7%) was added based on the total weight of rice flour

DAl values are expressed as mean + SE (n=3)

9Values with different superscripts in the row are significantly different among groups by Duncan’s multiple

range test
"p<0.001
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Table 13. Correlation coefficient between antioxidant content and antioxidant activities of rice
cookies prepared with different amounts of Cheunggak (Codium fragile) powder

Total Total ~ DPPH free radical ABTS free radical FRAP
polyphenol  flavonoid scavejn'ging scavcjnging value

content content activity activity

Total polyphenol content 1.000

Total flavonoid content 0.877°"" 1.000

DPPH free radical scavenging activity  0.906" " 0.967"" 1.000

ABTS free radical scavenging activity 0.922""" 0.953""" 0.977""" 1.000

FRAP value 0.894"" 0963 0.966 " 0.969""" 1.000

Significant at p<0.05 among groups by linear regression analysis

EEE

""p<0.01, """p<0.001

and correlation coefficient between —1 and 1
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