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Abstract

This study examined the quality characteristics to evaluate the optimal mixing ratio of a chlorella powder in Cheongpomuk. The total
polyphenol and total flavonoids contents of Cheongpomuk and chlorella powder was 279.90 ug/mL, 489.50 pg/mL and 48.79 ug

/mL, 687.85 pg/mL respectively. The DPPH free radical scavenging activities and ABTS radical scavenging activities of chlorella
powder was 65.39%, 91.28% respectively. The L values (58.85~26.23), a values (-0.44 ~-5.84) of the Hunter's color values
decreased and b value (-10.98 ~4.12) increased significantly in proportion to the amount of chlorella powder. The total polyphenol
contents (55.00 ~734.20 pg/mL), total flavonoids contents (41.00 ~88.29 pg/mL), DPPH free radical scavenging activities (35.10
~65.50%) and ABTS radical scavenging activities (50.29 ~92.86%) of Cheongpomuk increased significantly in groups of chlorella
powder. In the physical properties, the hardness (135.93 ~103.93 g/tn’), chewiness (6.76 ~3.76 g), springiness (4.92 ~4.36 %), and

gumminess (147.70 ~94.23) of Cheongpomuk decreased significantly in proportion to the amount of chlorella powder. The
Cheongpomuk containing 15% chlorella powder showed a high score with regard to color, flavor, moistness, chewiness and overall
acceptance. The appropriate addition amount of chlorella powder for making Cheongpomuk is 15%. This study indicate that
Cheongpomuk treated with chlorella powder had the highest functional component and antioxidant activity.

Keywords: Cheongpomuk, chlorella powder, total polyphenol contents, DPPH free radical scavenging activity, ABTS radical
scavenging activity
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2.2. Cheongpomuk

F= 30| £35tHH, Cf&Fof HlS§ H[ELT F7

A, I0t0| A0 SRGIH, FEtELOIE, HEd

StetE0| Ot SR E|0f QACHKim et al., 2008; Lai et

al., 2010). S5= Et3E 42-62%, THEE 20-28%,

AL 1%2 E3E 20| =2 F/O|CHWoo et

al, 2019). =5E 0|85t HZ5E =573, 3=,
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3. Ingredients and Methods

3.1. Experimental Materials and Methods

3.1.1. Materials for Experiments

= HZE fI% M2s FEF 7IR(FFE
TYUSF, 100%), SRR MR (F)OHE, SUAZL,
CHEEAD), AE@ARZE, MAHLE, I¢h, &
JE(ERF, BN 2 § +=YLh2 HolH &
AE0IM 20224 7€ T SHACH

3.1.2. Manufacturing of Muk
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S22 HEF Mz Al S22t 2H =9
Hg2 27| /s MHHF(Chung & Choi, 2005)E
Estol o Ko ofHl M2 o T 2=2He
7L29| HiBHHIEE 0%, 5%, 15%, 25%2 SIS,
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Table 1: The ingredients of Cheongpomuk made from
Cheongpomuk powder and Chlorella powder

Ingredients co” c1? c3® cs?
Water(mL) 160 160 160 160
Cheongpomuk 20 19 17 15
powder(g)
Chlorella 0 1 3 5
powder(g)
Salt(g) 0.2 0.2 0.2 0.2
Ueo Cheongpomuk with 0% of chlorella powder.
acT - Cheongpomuk with 5% of chlorella powder
93 Cheongpomuk with 15% of chlorella powder.
)

S

C5 : Cheongpomuk with 25% of chlorella powder.

3.2. Experimental Method

3.2.1. Moisture Measurement

Zt A= Zt 3gME E2}O| 2 (Thermo Stable EOF-
155, Daihan Scientific Co., Ltd., Seoul, Korea) Ol A{ 105 °C,
IAZE AZRANZ = =28 U2 585= 47
AAZHOR YL % ARE 33| HHIO]

—
BoUS oA

3.2.2. Measurement of Chromaticity

ME= Z&5%7|Minolta CR-170, Tokyo, Japan)Z
Y=L b, HME@ ), M= HE 32 H5
55t EdiS FOIYUCE BT AT Calibration
palate CR-A43, Tokyo, Japan)2| FHr, XML Gl ZpAd
T Zre 2tz 94.50,0.3032, 0.31930| RACL.

3.2.3. Antioxidant Measurement
3.2.3.1 Total Polyphenols and Total Flavonoid Content
Zt A& 1 gE MAEEtAI0| 1, 95%2] Of &
22 9 mL IS TE Q17 H| OB (LI-BS200L,
LKLABKOREA, Seoul, Korea)Ofl Al 160rpm, 12A]2F 3=
EAMZI 7 |ME2|7|(Model CRYSTE VARISPIN 15R
centrifuge, Novapro Co., buchun, Korea)= 4,000 rpm, 10
= et 4SS AlR2 MESIRALL &

Z2|Hs 22 AR 0.4 mLO| 50 % Folin-Ciocalteu

ASfE 04 mL A2 H20M 387 YA =, 10%2]
sodium carbonate= 0.4 mL 7tSt0] 28t A0
M oAzt se "Xl = 2EEEA(SP-2000UV,
Woongi science Co., Seoul, Korea)£ 750 nmOf|A] S& =
£ ZEoQL & EFelhs 22 gallic acid(Sigma
Chemical Co., St. Louis, MO, USA)2 EZZHZ JME
Eotien, AlgE & E2lHs &2 gallicacid
equivalents2 MY 32| HFYSHH HEgtS Tt
ULt & EEtELOE &2 AEH 400 peo
diethylene glycol& 4 mL ®7I5tA 1, 1 N2| NaOHE
40 pe H7tet ChE AH29| YA0AM 1A[ZH BHS =

]

)5

O] 32 Fa-& T A|(SP-2000 UV, Woongi science
Co., Seoul, Korea)2| 420 nmO|A SHEE FYIY
Ct & Z22L0|E &2 quercetin(Sigma-Aldrich
Inc., St. Louis, MO, USA)2 2 HEZZHZ JME ZHd3}
o, Algg & SELOE HFS

equivalents2 SO 33| FHYSHY HEUS T+t

ALY

3.2.3.2 DPPH Radical Scavenging Activity

Zt AE 1 g o4 EetA30 E10) 95% OEt=
9 mL ®7t5t0] TIE QI H|O|H(LI-BS200L, LKLAB
KOREA, Seoul, Korea)O| A 160rpm, 12A|7F F=ZA|7A
LIME2|7[(Model CRYSTE VARISPIN 15R centrifuge,
Novapro Co., buchun, Korea)E 4,000 rpm, 10= &2
2|3t T MASHE ARE ALEIIGCH AR 0.2
mLE AlEE0| I 02 mM DPPH(2,2-diphenyl-p-
picrylhydrazyl) free radical, Sigma-Aldrich, Saint Louis,
USA) €U 0.8 mLE 7I510] 302 a0M X[
Ct2 S& & (Shimadza, UV mini 1240, Tokyo, Japan)2|
517 nmO| M SEEE FHEOIQUCE 2 339 53

5to] Eoats TotACH

DPPH 2tC|Z 2HZE %) =(1- AYTSEE /
A TS ZE)x 100
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3.2.3.3 ABTS Radical Scavenging Activity

Zt ANE 1 g oZEetAI0 B, 95% OEH=
9 mL ®7t5t0f FIE 917 H| OB (LI-BS200L, LKLAB
KOREA, Seoul, Korea)Ol Al 160rpm, 12A|ZF FZEA|HA
A E2|7|(Model CRYSTE VARISPIN 15R centrifuge,
Novapro Co., buchun, Korea)= 4,000 rpmoﬂkl 10232t
HHEZEot 48UE2 ARE ALESIRULCE 74 mM

ABTS(2,2'-azino-bis-3-ethylbenzo-thiazoline—6-sulfonic

acid)@ 2.7 mM potassium persulfate = 1:1E2 250
StE A0 HX[SIHA ABTS ¥0[22 HHAZ
ChE 735 nmOIM S&&E 20| 0.7~1.00] EH==
50%2 MEt==2 3| AStRACt O] ABTS 80| &4
22|5t0] FH[ot A|RE ST TI7IetL, 102 EHE
ot CH2 735 im0 M S E SESIUCEH dE2 3
3| FHSI0 HRitES oA

ABTS BtC|Z 2HE8H%) = (1 - HE718EE /

Q=TS &5)x 100

3.2.4. Measurement of Physical Properties

=8Z 8 7|(CTX Texture analyzer, Ametek Brookfield,
USAZ 42 ZFSYD, Y32 FE, 4y
N, B, Fgolglon, 33 v St B
U= TOrRCE 5 A2 test speed 100 mm/min,

probe cylinder type ® 2 cm, height 4 cm, trigger force 10
kgf, sample diameter 30 mm, sample height 20 mm, sample

compressed by 50%0| A C}.

3.2.5. Sensual Quality Characteristics

ME S Z2[EE TIYY T s 2y
o A= =t 308s Uz HAsAL. Fof &
s4 540 ol 2ot ojeldds Sof =
Y A = HASHACE SMPA 2 AIZE
Alstn sseag & Hdsts 452 ZEX
BAISIES SIQICH XA BotSE2 M, 0|, 55

& NEY L U 7| SE0|YD, SYHEYS A
S

3.2.6. Statistical Processing

OIO|E{= SPSS(Statistical package for the social
science, Ver. 20.0, SPSS Inc., Chicago IL, USA) 2 1%
o2 AJYHIX| Z4HEAd(One-way ANOVA)IF Duncan
O| C+EEHRA™ & (Duncan’'s multiple range test)= &
Alotgion, Ba+#FHALZ LIEILHRICE Z1t¢L9

SAH 7old 82 p<0.05 TTOM HASHALL.

4. Results and Considerations
4.1. Moisture Content and Chromaticity of Muk
Ingredients

{5 IR, 22} IR 2 % M
A= <Table 2>t ZCh Hx= 718 8

b 7t2o] % b 7.26%, 1.77%0| RALCH.
ZEHZE HItot 0] Aol2 ¢+ (Kim
& Chung, 2010)0f| Af =2 20| 4.26%¢2f
5t Cta XtolE HEF 7189 Y&
84.06, HAMT 0.13, 4.730|R{Ct S=Hel 7t
Fo| HE& 30.58, 027, EME 0110
Ct SA7tE "7 @25 H7(Chung et al., 2022)0
M EE2F IR 20| 1033%, MEs Tk
80.45, MM T 03], EME 3890|RUCt O|2{st 22
detel =22 A ME SO 0|z FF, MHE

o

&, MEIAIZ] S2| Xtolof olph Ze= 2oltt

e %
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Table 2: Moisture contents and Hunter's color value of
Cheongpomuk powder and Chlorella powder

. Hunter's color value®
" Moisture
Ingredients contents(%)
4 L a b

Cheongpomuk 7.26+ 84.06+ 0.13+ 473+
powder 0.282 0.05 0.02 0.06

1.77+ 30.58+ -0.27+ 0.1t
Chlorella powder 0.23 0.18 0.05 0.01

UL lightness, a: redness, b: yellowness

2Value are mean * S.D.
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4.2. Antioxidant Properties of Muk Ingredients

& 2 22Het 789 & E2ns &
T E2tEL0|E 22, DPPH . ABTS 2iC|
HEHo| Y A= <Table 3> 2Lt HZ S
k29l & E2|Hs 2 27990 pgmL, T Et
HLO|E &2 4879 pg/mL, DPPH ZtC|Z A&
Me 5121%, ABTS 2tC|Z AHENHL 77.28%0|9
Ct 22zt 71Ro & ZZ|s &2 489.50 g
/mL, & E2tEL0|E E&H2 687.85 ug/mL, DPPH
2ICIE AHEHE 2 65.39%, ABTS 2iC|ZE AHEY
2 91.28%0|UCE SX7tE It §EZF AT (Chung
et al,, 2022)0| A =X}7t22] DPPH % ABTS 2tC|ZH
2HZE0] ZtZE 26.09%, 96.85%E SF0] S AHIHR O

o
AR
Ho

N

= HZT0| 58852 7t UM, 25% W7t=0
262322 It IRULCE HME)e= SEH2E M7t
20| Zotetof ek CHET -0.44 OflA 25% It
5842 [N o=E HOMRLCEH ZME (b= MILHO|
S7tetof M2t 5% It 15100 25% 7t
4122 ROHLZ JUISIRICH. S =HetE MOt
AT (Kim et al., 2020)0(Af Ald £ A (crumb)2)
™ Aot Moto| Sotetol met Heet N
= AASJD FME = SIIGICT SR,

HItst 4 A (Park & Cho, 2004)01| A
Hoto| Botetol w2t Feot MMz Zia
gME = J7I0C D 5o 2 AR FAL

MUl

3l === = =3 o
Hiol S22t 7tF2 DrPH 2tz 27EdE O Table 4: Moisture contents and Hunter's color value of
Ot ABTS 2IC|Z AHEME CiA WD &4 Cheongpomuk with Chlorella powder
ey N
x9| Fitst E:l'l'(I'IW'a-ng & Lee, 2018)0”k| sd=2 Hunter's color value®
Moisture
o 1)
DPPH ZtC|Z AHE0| 54.55%EF ot0] S 2 Hzto| SEN I constents(%) L a b
SIAFSIMOl O =2 7Ho LIEFLt O SHAFSEA
JUd0l H w2 A22 UERHOH, ditehd o 288,82+ 58.85¢ -044% -10.98¢
NTEEA BBETH EOE o2 J|Th3ic oo | o ooz oot
c1 88.57+ 4436+ -4.37+ 1.51%
Table 3: Total polyphenol, total flavonoids, DPPH and ABTS 0.16° 0.08° 0.02> 0.08
radical scavenging activity of Cheongpomuk powder and
89.66+ 31.00+ -5.56+ 432+
Chlorella powder c3 015 003" 006" oore
Total Total DpF.'Hﬂ ABTsz) cs 88.97+ 26.23+ -5.84+ 412+
polyphenol | flavonoids radical radical 0.13° 0.03? 0.072 0.01¢
Ingredients (gallic acid (quercetin scavenging scavenging
/mL) gl activity activity
= vgmL) (%) (%) F-value 36834 644.832" 158456 2305490"
Che k 279.90+ 48.79+ 51.21% 77.28% -
powder 63 %431 019 007 YRefer to Table 1 for abbreviations.
Nalue are mean+S.D.
Chlorella powder ‘ 48299530* ‘ 6%7-78851 62-2?1 98-221 9L: lightness, a: redness, b: yellowness
g - - - Y2°Means in a column by different superscripts are significantly

UDPPH: 2,2~diphenyl-B-picrylhydrazyl
YABTS:2,2'-azino-bis-3-ethylbenzo-thiazoline-6-sulfonic acid

*Value are mean # S.D.

4.3. Moisture Content and Chromaticity of the Muk

o
0| 88.82%0|A, HI}t
T2 88.57%O0IAM 89.97%2| HQIE EFCH FEZ(L)

different at 5% significance level by Duncan’s multiple range test.
Each value is presented as mean + S.D. of 3 times.
" p<0.001

4.4. Antioxidant Properties of Muk

S22 YxJ9 F Efhs X F BEL

=2, DPPH % ABTS 2tC|Z 2H&EdE £F
o

o
A= <Table 5>9F ZCH & Z2|0s &Haf

o
nn

rot
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20| 55.00 ug/mL0|M-T'— HItZo| Z7tgtof et
44570 pg/mLOIA 73420 pg/mLLE [OUFCE T

715tRALE & E2AHELO0|E A2 CHETO| 41.00
pg/mLO| 1, MItEF0| FZ7tetof at 4571 pg/mL

OlM 8829 pugmLE {o|Xo=2 ZI8IALCt DPPH
2O AAZE 2 IET0] 3510%0|QA 0, M7t
O] &7t2tof et DPPH 2tE|Z AHEEO0| 50.25%
OlM 65.50%2 RLAXZ F7I5IUCt DPPHE At
L= I:||Il._T'| OHHSt free radical2A] SHASHA,

Of2IF S0 oo = X(0f AMo| EAME|H,
B gt SEE AMSt=0 Fol of
UCHLee et al., 2005). & AT S==Het
7t8 HI7IEO| B7tgs+&E HEZF2| pppH ZHCIH
220l FoAME FIISHRACE. ABTS ZtC|ZH
A2AHEES HETO| 59.29%0|1 HItEo| Bt
off 2k 66.34%0A 92.86%2 {2|XMoz F7t+s}
UL =XItE HIt HES HT(Chung et al., 2022)

u]]
1T
I:I

re oo mo

oo rx* o _x
BB B
=>.;

il

0%

Ol gitzbdol A= SAILRS| HIMEO 7t
T8 HEF9 g0l gefHez o6 4
tet FASIR SN, OfZL|O= 2 HIt H§xES A+
(Hwang & Nhuan, 2014)0| M= @ 4t2140] U= OFE
Lot &2 H7tEo| Sotetof mel Ym=Fof et
Ol Re|Mez Foret Antet FARSHILE et

N gitehg ol M": —'?’—XHEEI 7,;17|-Et0| %7@—1‘—%

Table 5: Total polyphenol, total flavonoids, DPPH radical
scavenging activity, ABTS radical scavenging activity of
Cheongpomuk added with Chlorella powder

Total .
Total flavonoids | DPPH radical | ABTS radical
SamPIes‘ ’()goa I(?ae(?lgl (quereehn scaven in? scaven in?
1gimL) pg/mL) aCthlt};icl% acuvnﬁl%
co 2)55.00¢ 41.00+ 35.10+ 59.29+
0.04% 0.34° 0.022 0.032
C1 445.70+ 4571+ 50.25+ 66.34+
0.06° 0.26° 0.03° 0.01°
c3 635.80+ 59.29+ 61.25¢ 79.58+
005° 0.15° 0.02¢ 0.02¢

cs5 73420+ 8829t 65.50% 92.86%
0.02¢ 0.12¢ 0.03¢ 0.02¢
F-value 2700851 1357.881" 552283" 660.824"

YRefer to Table 1 for abbreviations.

2Value are mean+S.D.

J2-dMeans in a column by different superscripts are significantly different at
5% significance level by Duncan’s multiple range test. Each value is
presented as mean + S.D. of 3 times.

" p<0.001

4.5. Texture Characteristics of Muk

2t HxI9| =4
ZCt. A X (hardness)2t A&
22} 135.93 g/, 6.76 gO| L 10,
2t & 13516 g0l A 103.93 g/ L2, AT
565 gOlM 3.76 g2 {o|Xoz ZAasIUCt Et

(springiness) 1

d A= <Table 6>1t
(chewiness)2 CHZET O

HotEol Soretol

0x %

N 1M ox

1® N ox rlo

48 (gumminess)2 CHETO|
4.92%, 147.700|4 11, HItZFo| S7terol et
M2 480%0M 436%=2, AE2 123.8301A 94.23
o= ROIMo=E LASIRICH SEHt Mt H7|H
A (Park et al., 2002)0| A S2H 2} ®EItE0| S7tgt
of w2t d7|=Hol dx U WEd SO| HACHn
Stof, 2 97t |Atet ANE HQUC FEHet
=S HuIet 22209 AHO|2 HF(Kim &
Chung. 2010)0| M= S2Het MI7tE0| Z7tetof
2t =7t oMoz WOrEIctn ot n, S22}

M7t 24 A (Park & Cho, 2004 M= S22}t
E2S HIISIYS I MItZ0| ZItESLE AL,

rm

2=z=
deld, B, 490 folfez ROMCID 5o
= o FAteh Z1E EIUCH

Table 6: Texture characteristics of Cheongpomuk added with
Chlorella powder

Samples” | Hardness(g/cri) | Chewiness(g) | Springiness(%) Gumminess
2)135.93% 6 76+ 492+ 147 70+
co 23969 0.01¢ 0.01° oort
c1 135.16+ 565+ 4 80+ 123 83+
2.06° 0.08°¢ 0.01° 3.26°
108 B3+ 4 61+ 4 AR+ 104 53+
e 0.37° 0.11° 0.012 0.52°
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c5 103 93+ 3 7R+ 4 3R+ 94 23+
1.53° 0.112 0.017 0.13°

F-value 95.232"" 201.879™ 544,993 186.070™

YRefer to Table 1 for abbreviations.

2Value are mean+S.D.

32-dMeans in a column by different superscripts are significantly different at
5% significance level by Duncan’s multiple range test. Each value is
presented as mean + S.D. of 3 times.

™ p<0.001

4.6. Sensory Characteristics of Muk

SEHet HEFOo| #sdA Zlt= <Table 7>1t
ZCh M2 OfEF0| 3270|141, 15% MI7t#9 M=
E7F 41322 CHE Z0| H3H Re(Hez =Lt
15% ®7t0] 38022 74y =10 1 L3
== 3.20 =O|RACH HFHLES WEF0| 3.600]
, 15% HIIEL 41322 71 &2 Mz E
Ch Al doME 15% M7t20| 3,552 71 =
5% HItEE 2872 JHE IUCH TEEE 7|

15% 7:47|.;Lo| 42302 OO|X—|O§ h;%l:_L
5% H7ta 335, HET 333 =02, 25% &7t

oot
ro

32 Tlo
Il

ot 3Q H
n H e K
r|rN

-

T2 1982 & 2 Mz E EQYEd, ol 2
EH2L 07t Z5tA Z8sto] AsEM0 d¥S
O|F Ho=2 AtzECt Z2Hets THEE FEO
=1 delgddg Jtr EetEL0|=EE gRolo A
ZAZE AT 2 248X THPark et al., 2002) 1{2|
HAZE Qs BsHAM FEE OX|s= A= L}

L} =

Etittt. Wets 22™et 325 =g ?let 2
(@)

det JtRO HHSYHER 15%7/t HEgeh A=
LIEHGCH. 22™2t 717 S Y7t MEol ™y

sge 2Edat M7t

O

o2 EA 03 AT (Chung &
Choi, 2005)0A 4%, S22t ©7t oA AF
(Kim et al., 2007)0| A 4%, SE2H2t H7t =222 0|
o AO|2 ¥F(Kim & Chung, 2010)0| X &= 8%=Z Lt
EFSCE

Table 7: Sensory characteristics of Cheongpomuk added
with Chlorella powder

Sample" Color Flavor Moistness Ghewinessil| Ber2!!
acceptance
3.20% 3.60+ 3.34% 3.33%
co 32I%, | “heee 0.51° 0.83° 0.86°
o1 329+ | 3.13% 3.87+ 3.40+ 3.35+
0.88° 0.642 0.52% 0.13° 0.76°
c3 413+ | 3.80% 413+ 3.55+ 423+
0.52b 0.56° 0.74> 0.11° 0.64°
3.53+ 281 3,59+ 2,87+ 1,93+
Cs 0.77% | “p682 0.30° 0.842 0.70
F-value 5.133" | 6.349™ 9.247™ 3.369" 24.933"

YRefer to Table 1 for abbreviations.

2Value are mean+S.D.

32Means in a column bv different superscripts are sianificantlv different at
5% sianificance | evel bv Duncan’s multiple range test. Each value is
presented as mean + S.D. of 3 times.

"p<0.05, “p<0.01, ™ p<0.001

5. Conclusion
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