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Abstract

In this study, 1, 3, and 5% of Enteromorpha prolifera (E. prolifera, green laver) powder was added to the rice
crispy cereal, a gluten-free food. The quality characteristics and antioxidant activities of rice crispy cereal were
investigated. The reducing sugar content decreased with increased contents of E. prolifera powder. In the Hunter
color system, the L and a values decreased, while the b values increased with increasing E. prolifera content. The
phycocyanin and chlorophyll contents (antioxidant pigments) increased with increasing amounts of E. prolifera. The
5% E. prolifera additive group exhibited the maximum antioxidant and radical (DPPH and hydroxyl) scavenging
activities. The flavonoid and total phenolic contents were also the maximum in this group. The intensity test results
revealed that rice crispy cereal containing 5% E. prolifera exhibited the highest overall acceptability. Based on these
results, The study presents the preliminary data that can be used to improve the nutritional value of rice crispy
cereal. The results revealed that powdered E. prolifera can be added in different proportions to various types of
food for the development of different food items having varying properties.
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wo oaltal AR 85%2 AR ArE Qo
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A 2 15 AR AR, S} ABTSE Y] 201
o ZHasle ZAlolth. 20184 FIAH|gRAF A}, 20184

105 & AH[EES 61.0 kg O & HATH] 1.3%(0.8 kg) 74sh
U, ARARHAEE 9 28)9] & AR 757 5,664
5_% AAdE] 6.8%@Tt 7,961 £) Z7ISIATHKOSIS,
2018). &, A& FA0E HIfohe HES A4S v, 2
TFEAE FHE AFels vleS Z7Iska o], ARl

A 4 olgo] Fas) BT, B A=) AFAol A
1, gPavt FRste] WAR A AFoRE At
(Tie 5, 2012). £HA7} B2 At Yo & 7%*“‘1

2 WF 24.4%, WF 24.0%0] oo} TAFTL 193%E &

Ho|tGuk¥} Han, 2010).
TRL 9] o8] Paiuw o] FuE A
A, 531 5 88 ke ol 202 S0l sk

22 W35lA7] g AZo] Alg|gL upAlet EAS 7HAITH
(Tie 5, 2012). 0]—‘2— 593} 7FZAIZ 0 2= o} XA} T

Aow 7 yHe A r =37} ek

ol A= Az
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SPIE S et B4 715 A aAE wAEe
Whstel el BeickHan 5, 2005). 758 A% 4%
2 7%t 2% dIRE 12 530 JPlPak 5, 2014)
of2Yo} & JYHKRye &, 2015), FA & FUHHLee,
2019), FHiE & FLHHJoo2} Choi, 2016) 5-°] ATt 5HA]
T A7 71548 AE AAE JRE Y9 A 1
7t Aom, EAflg= 7l Zdolu oo, si2RE A
718t Pl gl AAolt

7 A= SotAlo} skt Ejuet Asfiqh UFA|H
Al 2¢of|A 39 Alo] F2 Aol AitE]= Zuia thaAy
SiFoleh. s oA st et B4 5 A%
Zxio] 712 8] Asietol A AFRAGof|Aut AgF A4k
o, AR 3} Wigsiel, sleld 2o] el Se
8g HL o] Solct. w2, vpols wlsat 22 Mol
ARt s E T Fjeto] K5 T tgol Tk S0 A
+ A7o] 11 /9] %18t gFo] UthKim -5, 2019a). 7}A]
vfele] 2298 AspiAs By SR A4 AR
o, P, FAE, AAAE H50] £2E e WA
ohd 49} 7}ZElolES ek SlrkBackd} Kim,
2019). 7K of= o2 siRRFol Hlsh 2=El4klinoleic
acid), 2] =34Klinolenic acid) 59 E4 A|RMAF St o
], 84 ©okE, A4 gl =oH(Li 5, 2010),
e, 4w, A W1 Y 59 SR 1A 7 1
2, AR 279 dFoIthLiao 5, 2011). SiEF+= &
AP Rl 7Y 8% ZFEoR, W2 AollA] ZhAt
Y] i oRrE AE REFRAE HEATHL 5,
2013). o] BxoHH(Lin 5, 2015), HY af#(Mao -5, 2008)
S TRt oFE|aRgo] Bt BISIA|HA] 715 Ao R
A Z-g 7HA7L oA AL Qitt 7| uHE = ABEEAd Bt
gt A olQlolle ZHA|uE AkEr B = U 1
FEES o83 AE9] A, A IhA ] digh A
T=°] EiEich

F|T RS A7 AlEe] gt WA SR 734
Foll gt 2H7L =orsledl, xR ot A=
A Rt AFAECEN 11 71R|9 QIAo] Eal, W2
A7t Y=L Ack(Lee, 2013). L2 7HAwEl= A3t
Zo| digste AAET} ofy 7o) @Al AdE Aol 23
o] BHA glow, T 5o 7TKHE M7t 2] gt
A7} XI5 Folet. webA 7S AE] H7ste] A
Ao EgZ & 5 e AE APoiE gk

2 AN E 7HATEERE E8otaAt S SIAFT Al
U= A|XS FeAn] Apatol 7 |EEE H7lsle] A&
< AXoIL, 11 S Dot £4 EAT AR

& s

Of

ERTET

bu

L

H 3]0 AR8E 7HAaR) EE(Songwon Foods Co., Ltd.,
Seosan, Korea) -70C deep freezer(Ultra-Low Temperature
Freezer, SW-UF-400P, Samwon Freezing Engineering Co.,
Busan, Korea)ol] B339F Z1S AREsFaL, 1 2o puffed
rice (Kellogg Co., Ltd., Battle Creek, MI, USA), TA|E 2
2(Doumak Inc., Elk Grove Village, IL, USA), H¥E|(Lotte
Foods Co., Ltd., Cheonan, Korea)E ARg-5}0] A|Z5}3ith

FajAm AAR H=

A2|Ay] Avpe] Hrlohe ZHA ] e o] A
4 FHHAE Bl Adsita wekd GO Hotglon,
o] puffed rice 100 g& 7|20F 1%, 3%, 5%Z H7I5t0]
Azt 2|2 Ao Al 9 B Table 13} 2
ok Al Ho] HEE 591 & tRERSE Yl F2r
At A =it of wf TS Wil Ao] A=A
T2 4ojFtr} puffed riceS Bl & 4 01Fich 94
2 S0 Yol B2 JAskL 1A A8E F, A

A1g3Hich

G2 A= 5 g0l SF= 45 mLE E2RE 2 40T
9] sonication(Powersonic 420, Hwashin Tech Co., Ltd.,
Busan, Korea)ol|A] 205521 9F-A171 &, 3,000 rpm, 4CE
A= YA EE]7](Centrifuge, Combi-514R, Hanil Science
Co., Ltd., Hwaseong, Korea)Z 205529t YHEZ 513
o 3}sta] Hoj] AR M-S dinitrosalicylic acid(DNS)ef 2]t
Ao g 550 nmQ EIPLA(UV-1800, BioTeck
Instruments Inc., Winooski, VT, USA)Z S35 =75}

Table 1. Recipe of rice crispy cereal added with Enteromorpha
prolifera

Ingredient (g) Control” EPC® I EPC3 EPC 5
Butter 30 30 30 30
Marshmallow 150 150 150 150
Puffed rice 100 99 97 95
E. prolifera powder 0 1 3 5
Total 280 280 280 280

Control, rice crispy cereal without E. prolifera; EPC 1, 1% E. prolifera
rice crispy cereal; EPC 3, 3% E. prolifera rice crispy cereal; EPC
5, 5% E. prolifera rice crispy cereal.

YEPC, Enteromorpha prolifera rice crispy cereal.
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EEFH(glucose) FFOE YUY, HETAL FEEE
HES-A]7] =T (Sigma-Aldrich Co., St. Louis, MO, USA)
o) gE gro 2hsisict

M5 2%

AR 15 g EU 2719} mekow W} et
(50x12 mm)°]] &1L Hunter AX}A|(ND-1001 DP, Nippon
Denshoku Co., Ltd., Tokyo, Japan)Z LZl(lightness), ag}
(redness), bzl(yellowness)S HHE =530} LiEhjolc. &
Z WO LZF 9935, agt -0.14, bZF -0.36 ARES}T

Jo

MM % B22W B 2%

HFAPAL AR 3 g7} 80% WERE 27 g2 +AsIsH
3, 40T 9 sonication(Powersonic 420, Hwashin Tech Co.,
Ltd.)oll A 2A17F 52t BFSAIX] ZZ 3,000 rpm, 4TE HH
= YA1EE]7](Combi-514R, Hanil Science Co., Ltd.)Z 20
3 59t RIS, claflo] Aol AFokE 620 nm,
652 nm9] B33 A|(UV-1800, BioTeck Instruments Inc.)
& FF=E 5% T of9] Ao tiysto] mEAloRd 9t
TS 24 1 g pgl® HYERJQITK(Shim 5, 2010).

C-Phycocyanin (pg/g of crispy)

= [Aso - 0.474(Ass2)] / 5.34 x 1000
Allophycocyanin (ug/g of crispy)

= [A¢s2 - 0.208(As20)] / 5.09 x 1000

SEEYL2 A& 1 g7 DMSO 20 g #A3RRE &, 40T
9] sonication(Powersonic 420, Hwashin Tech Co., Ltd.)of| 4]
24A7F &< BESAIX] A 3,000 rpm, 20C = A H A4
£2]7](Combi-514R, Hanil Science Co., Ltd.)Z 20& <t
LRSI ofietol Hojzl Ao4S 664 nm, 648
9] B}s1TA|(UV-1800, BioTeck Instruments Inc.)Z 2%
L5 S4% 3 oY Ao tidlste] S22 ks A7
A7 1 g ugl 2 HERHJITHAOAC, 1990).

Chlorophyll a (ug/g of crispy)
= [12.25(As64) - 2.79(Asas)]

Chlorophyll b (ug/g of crispy)
= [21.5(Asss) - 5.1(Acea)]

[

ZapuLols &Y 23

A= 3 gt 100% HWEE 50 mLE 40T 9] sonication
(Powersonic 420, Hwashin Tech Co., Ltd.)ollA 4A]7F B2t
RSk 24417 51F &% 7, 3,000 rpm, 4CE HAHH
A4 EE]7](Combi-514R, Hanil Science Co., Ltd.)Z 20%

% YAET sk, ofafsie] HofRl A AL evaporator
(Whatman, Buckinghamshire, UK)Z 719} B=5t0] 255
gk AUt} FEE 200 meofl 100% ek 1 mLE Eo] 200
mg/mL FEE AR FE2E AS AE SHOE AMES
At

Z2}H -0]== Davis(Davis, 1947)8-& ARE5IALE A&
€91 100 puLof 90% diethylene glycon 900 L2} 1 N NaOH
20 pLE g3l 37CollA 1AIZF 52t BFSAIXD &, 420 nm]
BT A (UV-1800, BioTeck Instruments Inc.)2 S4E S
S0ttt BETALS FEHE BRSAIZ] ZS} naringin
(Sigma Aldrich Co., St. Louis, MO, USA)Q] 334% Zto=
YERHAY, SetEo|t R AgAy 1 ¢gF mg
naringin equivalent (NAE)Z UERJITE.

EHEY SEE B 53

S RES 94y AH0lA k=2 THA=
Folin-Ciocaltew’s phenol A|2FS ZHAAIA EZ|HEl HAMO
& H37]E HEZ S4SHtKSingleton -, 1999). &2
2] e 4} NaxCOs B4S 743900} AR Bk &
2tE o]t §eF AoA AR3 AL ARESII AR &
o 50 uLof £5< 50 uL2} Folin-Ciocalteu’s phenol A|9F
500 pLE ¥l 58 53 §ESAIX] o 7.5% Na,COs 300
WLE 9T 52 o] 302 F% 5E3AZL 2L 760 nm)
BT A(UV-1800, BioTeck Instruments Inc)2Z SJEE
oIttt REFAS sEERE HESAIR] 28t tannic
acid(Yakuri Pure Chemicals Co., Ltd., Kyoto, Japan)Q] 5%
T o g YRl Fuled skE 2 AEA ]
g mg tannic acid equivalent(TAE)Z LER{IT

F

DPPH 2iC|Zt 475 &3

1,1-Diphenyl-2-picrylhydrazylDPPH) 2t} AASL
DPPHO| Zf gitjzo] gh4itsl E42] -OH7|of s 2hd
Eo] gkl o g g Wiyt Yot A g PAkets9] A
L5 F7gcke Adoltk(Blois, 1958). Al& 842 E2tH e
o|t gF Aol ART AL ARSI sEEE 34
Sk AJE 89 50 pLoj 1.5x10* mM DPPH |9 150 L
Yy 52 I 308 B2t HRSAIZ] AL, 515 nme] B3
TA|(UV-1800, BioTeck Instruments Inc.)Z2 SYEE =74
Skeltt. ofgfe] Aoz Alilsto] 7 5% *H DPPH 2z
27%(%) AFAE 18 %, DPPH hcjz 27)%0] 50%7}
= 55 ICsES ToIAHGoldstein 5, 1979).

Free radical scavenging activity (%)

Abscontrol - Abssample
= x 100
Abscontro]




900 F=AFATRENEA AR7E A72 (2020)

Hydroxyl 2iC|Z £7|1s &3

Alm GRS EefH 0|t Jbg ARoA] AR AZ A
Boloirh R 34 AR &N 25 pLo buffer 50 pL
2} 30 mM deoxyribose, 1 mM ascorbic acid, 1 mM EDTA,
1 mM FeCl;, 1 mM H,O, §9E 217} 15 plLA @1l 37T
Al 1A7F Z9F 8FAIATE 1 3 2% trichloroacetic acid
(TCA) £ 50 uL2} 1% thiobarbituric acid (TBA) &4 50
uLE 937 100ToflA 2087t HEGAIXT & P25 5 3,000
pm, 4CE AAH Y4EZ]7](Combi-514R, Hanil Science
Co., Ltd)Z 20859t YAlHe|st dojA AAHS 532
nm9] E33S1E A(UV-1800, BioTeck Instruments Inc.)% &
AEE 2gadn. ool Ao Al 7 BE
hydroxyl 22 £7)%5(%) ARAS T2 ¥, hydroxyl 2
O 47500 0% B BRI ICuRES T

Free radical scavenging activity (%)

Ab Scontrol = Abssamplc
= %100
Ab Scontrol

e
olr
oY

A

JIEf) 7} Zejan aee] B JEEAL
2 Witk yis 4Eesiaies] 45e) WA
o] ] HA| 59HS: 201811-SB-187-01). T5571e] wid
o 3R Buz B5A FHo] Ye Bt A5
ol} tfept el 0 AAE F, 7 AEHo
2 (% e oR 7 Ul e st A
BAL B7F FEo == QT M(exterior color), H]#RK(fishy
smell), 7FA|T}l @K(flavor of E. prolifea), 7}A1 ==l Sl(taste
of E. prolifea), Nzl tigt AA| AR 2315 et #5t
291 =8I (overall acceptability)°]l tialo] B7I5Ict Al&
£ 5T 219} mko AE AL Al A2l W ol
A 4318 BA gl Aja] F5, 2i2te] Al BrAe] o]

A]

93

o%’;

2 =0|3A W%t =3 A AlSSHE-

i

SA2

B A% Av BE AP 35 ol v 2sle] e
ZFS SPSS 24.0(Statistical Package for Social Science, IBM
Corp., Armonk, NY, USA) T2 IHS 535 7|&5AZE B
TIEUAG L BARHANOVAYS AA3I] 21
0] Q)2 A] Duncan®] 57 (Duncan's multiple range
test)= o|-&sto] AR 7] KRS HASHITHp<0.05).

o s
Azt o %

ot

A &

7 37F ZEjan] ApRie] kel A= Table 2
oF 2k, B2 iR, 7MY 1% H7RE 3% H7HE
5% 70| ZHF 2.10%, 1.90%, 1.87%, 1.61%= 7FA|TH]
71l et gho] FojA o g Asklal(p<0.05), o]t
B 7HATE 2EEH(Kim 5, 2019b)7} ZHARE 2opd
2J(Kim 5, 2019¢)2} et 7HA|u o] 4 SR Hie
(rhamnose, 70.2%)7} FolH, 1 2o|x= Z = (glucose,
26.3%)T} AU Z A(xylose, 3.5%)7F HalE]o] ddo] A=
H ACE AmETHKim 5, 2016). X3 A== AMEE
puffed rice= o] 4%2 =24, 714 A] Qof oJ3) H&t
o] HFR= wofiHol wet S Fol vl Eol= A
02 AlmEthAida 5, 2007). A& AZE Al 7RIS
7¥llg= dHHE puffed rice F& S91F77] dleoll, €
T o] AaE= A 0E AlmEch 7T 89 A4
715 (Lin &, 2019)% 7ML Q1o B g ZA|uef] FeAn] A&
A= g 80| AR ARRAES I3 A4 842
2 88E & S ZeE Heloh

ME
7 37h e an] AapRte] M A= Table 29}

Table 2. Reducing sugar content and color value of rice crispy cereal added with Enteromorpha prolifera

Control" EPC? 1 EPC 3 EPC 5
Reducing sugar content (%) 2.10£0.01% 1.90£0.01° 1.87+0.00° 1.61+0.02¢
L 77.540.1° 67.9+0.02° 62.740.01° 58.1+0.00¢
Color value a 3.35+0.02° 0.19+0.02° -2.36+0.02° -3.69+0.01¢
b 19.3+0.10° 20.9+0.06° 21.4+0.03° 22.140.02°

1)Control, rice crispy cereal without E. prolifera; EPC 1, 1% E. prolifera rice crispy cereal; EPC 3, 3% E. prolifera rice crispy cereal; EPC 5,

5% E. prolifera rice crispy cereal.
YEPC, Enteromorpha prolifera rice crispy cereal.

IMean£SD (n=3) within each row followed by different letters (*%) are significantly different (p<0.05).
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2t Me 2 LR 22, 7o 1% J7HE, 3% J7}
&, 5% A7REo] 42k 77.5, 67.9, 627, 58.12 {ojHoR
ZA8HR I, agke 22k 3.35, 0.19, -2.36, -3.69% 8-0]& 0
2 A5 M, bz ZH2E 193, 209, 21.4, 22.12 894
o7 F7IeIArHp<0.05). o= 7HaE EY¥iKim 5,
2019b), 7HA el olFE(Back 5, 2019), 7HAskE] diE &
| =(Song} Kim, 2020)2} 7430l 2ttt F& 543 o
+ 7HEE] J7bgo] 78S AlRe] Mol X} o R
o we} Lgko] FAEE Ao BZE T, -aghe =4S
YEW7] izl 7S 7S -aghkE et A=
A2t A7V 11204 Mo] =37 ¥isk= E4J(Lee
5, 2003)°] I, puffed rice’} BL =ZhHES wo] bglo]
S7RRt Aog gzbEo

maAold ¥ 2EEY &Y

AR 27k Zela gk smdohd 9 S
2 A3 Table 33+ 2t} c-|FAoR St 7HAu
1% A7VE, 3% A7HE 5% A7HE0] Z2F 4.69 pgle, 6.47
ng/g, 6.90 pg/g, 7.57 ng/gelil, YR FAJoRd 27} 7.18
ug/g, 10.22 pg/g, 11.24 pglg, 11.63 pg/g= At 471=F
of et el ZHe B ATHp<0.05). HRAIS
SfEFoll e A iz FHAY Fa S5 o1l
£ gEuady A 2918 Sy 99A Al £
Maer s BTE 2, S BAL Seheiol
o} Hisy SREE AR BaEtKim 5, 2010;
Spirulina Research Society, 2005).

S22 2, 7R 1% A7 3% 7R 5%
A7REo] 242} 0.46 pgfg, 0.69 pefg, 1.17 pg/g, 1.74 pg/go]
1, 22 23bl 081 pge, 091 pele, 1.15 pglg, 148 pgle
2 FMske) ko] Z71io] Het feEo R St
(p<005). 2ERBL 487} 270 FHE =4 Yrg
Q4 i, Mas gkt o] EokSong 5,
2001; Yoo 5, 2013). T}qF Nguyen 5(2018)0|A E==2d

2 27t oble] wet HA; A Adto] wE Al Zaf
= Zo= Hugo| mt AR Al 2o 3ERt 225t

A oFe o] £ Ao A

ol ke H/Rko 24 vFAod Y Z2ew
Tego] Z7hE A2 ZPAISY A719(Kim 5, 2019d),
71 ohH(Kim 5, 2020) AF 5ol Yol NEFE AEo|
gasrons A 23k} YIS w3t 5o AT AL A
o= Az

SLtEL-0|E Bt

EHo|Ex HEZAQ] Edulks SRtEY IdFo=E
g 7[EERE 7R SO 84 MARH HAE
of EAistH, FEF, THS, T 59 BHEAES 7HA
1 th(Hwang, 2018; Lee 5, 2014). A5 582 ARSI
A5k ey dxke] deksEo] Fof &S WA "ot
(Kang -5, 2015).

7] H7F A Aaate] EetE kol o 4
= Fig. 134 2t tiz, 7 1% 7R, 3% 37}
&+ 5% HA7RES ZFZE 0.15 mg NAE/g, 0.21 mg NAF/g,
0.24 mg NAE/g, 0.29 mg NAE/gO & 7IA|ulef| d7}gfo] &
7kt whet SRt o]t eF ERt RojH o= FTISII:
(p<0.05). 7 A} o] EgfH o]t JHES 1532 mg NAE/g
O 2 (Baek¥} Kim, 2019), A4 & FJolut FH 115} H]
<8 AL SHItHKwak 5, 2005). 7RAoE] HgH
(Kim 5, 2019b)2} 7hAjf2l] 2292 (Kim &, 2019¢), 7HA]
& A71%(Kim 5, 2019d), 7FA9] BT AL =(Song
T} Kim, 2020) 5 7S H7IRE A1F AFtolAE S
Hiolt gHgo| F7loke A Holn, & A5} 3ol
2ot wEbA ZHA ] 5% 7] ket &4do] Ty
2 202 AlmErh

[

2

= I-EO.F

a2 A BHde SeAle 2deA 3

ol
ol

= B

H=

t

toh
I
1

i

ok

Table 3. Phycocyanin and chlorophyll contents of rice crispy cereal added with Enteromorpha prolifera

Control" EPC? 1 EPC 3 EPC 5
¢c-Phycocyanin 4.69+0.05 6.47+0.25° 6.90:£0.40° 7.5740.29°
Phycocyanin (ug/g)
Allophycocyanin 7.18+0.11° 10.22+0.39° 11.24+0.84° 11.63+0.42°
Chlorophyll a 0.46+0.01¢ 0.69+0.01° 1.17£0.01° 1.74+0.05°
Chlorophyll (ug/g)
Chlorophyll b 0.81+0.00¢ 0.91+0.01° 1.15£0.02° 1.48+0.04°

DControl, rice crispy cereal without E. prolifera; EPC 1, 1% E. prolifera rice crispy cereal; EPC 3, 3% E. prolifera rice crispy cereal; EPC 5,

5% E. prolifera rice crispy cereal.
YEPC, Enteromorpha prolifera rice crispy cereal.

IMean£SD (n=3) within each row followed by different letters (*%) are significantly different (p<0.05).
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Fig. 1. Flavonoid content of rice crispy cereal added with
Enteromorpha prolifera.

Control, rice crispy cereal without E. prolifera; EPC 1, 1% E. prolifera
rice crispy cereal; EPC 3, 3% E. prolifera rice crispy cereal; EPC 5,
5% E. prolifera rice crispy cereal.

EPC, Enteromorpha prolifera rice crispy cereal.

MeantSD (n=3) within each bars by different letters (*°) are significantly
different (p<0.05).

el

9 g9 BYBES 2 7t AR S 7L
= =45 A= o] ok(Baekd}t Kim, 2019). E3F FHl=
4 StE2 A Ak} A&} DPPH 2o 753
AAE 7ML oAl A= THKwak 5, 2005).
7Nl H7F 3ejAn Aaate] FHEA ke o
A= Fig. 29F 2k 2, 7R 1% 8712, 3% d7F
&+, 5% HA7RES Z8Z 1.14 mg TAE/g, 1.40 mg TAFE/g,
1.56 mg TAE/g, 1.64 mg TAE/gC & 7}A|ukd] A7}egof wh

|

EPC3 EPCS5

30 f*

1.8
15 | G

1.2

. d
09 r
06
03
0.0 .

EPC1

Total phenolics content (mg TAE/g)

Contorl

Fig. 2. Total phenolics content of rice crispy cereal added with
Enteromorpha prolifera.

Control, rice crispy cereal without E. prolifera; EPC 1, 1% E. prolifera
rice crispy cereal; EPC 3, 3% E. prolifera rice crispy cereal; EPC 5,
5% E. prolifera rice crispy cereal.

Mean+SD (n=3) within each bars followed by different letters (*%) are
significantly different (p<0.05).

2 o808 Z715IATHp<0.05). Back Kim(2019)0]4]
ZHAE el SHsA SIHE S 40.94 mg TAE/gO =2
- A SN0l 7HERERE ke 3EAn] Bkt
9] /g SHHE o] A Y= ACE Al Hrh
7HXERR H7FEe] 7R W2 7RI 5% H7EolA 4t
st &4o] & Ao= AleHErt 7T uFE(Back 5,
2019), 7 BEAM(Kim 5, 2020) 5] APoINE 25 3
o] S71e e =4 sigE o] Stk A3t
£ B 7S FEAuet 22 UAER HrRRte s
A FAkst GILE 7T = & AoE AyzbE

DPPH 2lC|Z AH&

7] M7 AE|An] A3ARe] DPPH 22 245
ICsoft o= Wehd A¥h= Fig. 33} At} ti2<, 7Hu
1% 7L, 3% H7RL, 5% H7RES Z42F 801.3 mg/ml,
779.1 mg/mL, 647.9 mg/mL, 471.3 mg/mLZ 1Cse3kS 7FA]
o F7igol SRl wet foFo=m  FAsiglth
(p<0.05). DPPHE= M Sz 7HA=E, ICsodk A
S 50% AASH= o] B/ FEo|HE T gto] A
TE A U AA 53t E, S ik E40] e
A& oufeith. wEbA] ICsgte] AR 7HAae 5% 712
AL GA4ol 7 2 ACE Almdrh 17y Kwak 5
(2005)°1l4 wije] DPPH 2tz A752 ol Al=o] 5=
of wal cheA RAENT stk T AR FE7} 1,000
hg/mL ol3ke wh= thAlnht 7, &, vlelurh 274%0] $-
SO, ) AR 7} 2,500 pgmLY T thaAlel, 2
o] 47501 H 7] Yehts Xjo]g wett. ok &0l

H control EPC1 ®mEPC3 ®mEPCS

900

600

300

ICs, (mg/mL)

DPPH radical
scavening activity

Hydroxyl radical
scavening activity

Fig. 3. DPPH and hydroxyl radical scavenging activities of rice
crispy cereal added with Enteromorpha prolifera.

Control, rice crispy cereal without E. prolifera; EPC 1, 1% E. prolifera
rice crispy cereal; EPC 3, 3% E. prolifera rice crispy cereal; EPC 5,
5% E. prolifera rice crispy cereal.

Mean+SD (n=3) within each bars followed by different letters (*%) are
significantly different (p<0.05).
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Ao Am F=rt SARTE AL Aulditt. &, A=
=Y FEEE 5 w2t Fts #AVE HEA =Ed
=+ ks 22 QuisiH, ket B2 HH o= 5]
A= AE HE9 DPPH 899 =& 7} 3 Aog
A3Zvect. Backd} Kim(2019)4 7FA=tef o] DPPH 2]z
252 1149 mg/mL2 =S5 o] 7PAHY 25 ApAe] 9
A2 =Tl A=, 7R SehE o] EY Hls
3 2RtE 59 Fitet A2 ol st 3loiA DPPH
god a7s0] wA Yehd Aos Hel:

Hydroxyl 2iC|Z &S

ZiAa 7t FejAan AERLO] hydroxyl 2t A7 s
S ICs53ko & YeRH 23 Fig. 33} Zth ti2, 7]
1% A7KE, 3% A7HE, 5% H7HES 74 500.9 mg/mL,
424.5 mg/mL, 369.8 mg/mL, 325.0 mg/mLZE 7FA | 7t
o] S71tol wt ICsgke] F-2J8 0= ZHASIITHp<0.05).
Hydroxyl 2}tZ=2 A4 22 5 §E717F ot 718 =4
o] At LA FALF O R, EYstH & HkgAJo
2 QI3 DNAE &JA710L, AlELE BISIAIA esiet A7k
Quksl= EZo|thKim 5, 2019¢; Min 5, 2008). ICsZf°]
W g AAso] FouE AR AL THA(T)E
5% 7ROl 7HY atke A& & 4 Aok 7 EREE &
AlsE @/go] &2 A FASHA0]7] WiEe] o] & 4lEe] A
7Vt 79, T3 FAEAoA AT Bl 9t S/ o
o QFASHHAIE AE A9 FAEHIS EolFe IS
Sto 2 A1 ES HFsle AR sloid 22 a¥E 7}
4 Aog ABZHct

r
olr
Jjm

é',l

ZPAERE 7 S i ATRRRe] A HAl AIR= Table
49} k. o A, ZpAp o ZhAERg B ZAREARl 8
= 7PAERR 5% H7REOIA oA e s T #9ka(p<0.05),

uleige 019 Fjolg Holx] eokthp>0.05). ZHAsef
£ Kol wet o Mo] As AL Mol L3t A}
(Table 2)°1] OJ3F 7} Afeka Azkel, 7hajnte gt 5t
2 Al Hlegol wet ulelsto] gl il Ao
2 b BRI A 5% AkRolA 7 B9t
A, et 18808 79 gl 220w Yehi. oj
wEl} T ERS S0] Azo] gof ofs) FHAImee) He)
o] 7heixl Aow Az Wby 5% AkaolA 71
sefo] gt gHe: A, ol Alzo] vt o 0
2 283 Aos A7 ARl SREL S
5% A7l 7P S S BAET(p<0.05), M5
o] o} ste] A7} EIAE, Hedao] Ho] AAjHow 7h
Ak} T Asol gt el Hat 251 o] o
Foleka Ayzhics.

EE EE R ETIC P B EEE R
%, o, ANl 5857k B4 54 Ageh 49ehw, 23}
£ Holi= Aow Ho} 7|54 HEe Wi Aejan] A}
Ao} A1 o] FeEl, B Yot HAutehe 283t 4
29| Hpgolx wgo] F Aow Az

o OF
g = =

2 o7 Fejan] Aude] /54 A% THlsS
1%, 3%, 5% H7}5te] A|Z5ta, A771549 B ot
57] Sfste] 4 B4 GRS Sk THAIst
Felaw] o] STe TIshE 7kt wet glol
wasloih, At THIshE B Lgt 9 aghe
2} grasloln, bgke Z7HsteTt WAk BAE A A
49l WTAoRd B SeBe s BRIGE 37
SI9ich Alsh Rl Sahaiols 9 Hisd BekE et
o ARl F5tel 7T 5% A7HEIA 71
URehg, GAkSH E4S BRI DPPH 9 hydroxyl 2]

Table 4. Mean scores of intensity test of rice crispy cereal added with Enteromorpha prolifera

Control” EPC? 1 EPC 3 EPC 5

Exterior color 1.4+0.9% 3.2+04° 4.0£0.7" 4.6+0.5"
Fishy smell 1.0£0.0° 1.240.4° 1.4£0.5° 1.6£0.9°
Flavor of E. prolifea 1.0£0.0° 4.8+0.4° 5.6£0.5° 6.2+0.8°
Taste of E. prolifea 1.0£0.0° 3.240.8° 4.420.5° 4.840.4°
Overall acceptability 4.8+0.4° 5.2+0.4° 5.840.4° 7.0+0.0°

DControl, rice crispy cereal without E. prolifera; EPC 1, 1% E. prolifera tice crispy cereal; EPC 3, 3% E. prolifera tice crispy cereal; EPC 5,

5% E. prolifera rice crispy cereal.
YEPC, Enteromorpha prolifera rice crispy cereal.

IMean+SD (n=8) within each row followed by different letters (*°) are significantly different (p<0.05).
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Z A EJE 7T 5% H7REOlA ks &4do] 7t
& =A Yebel, 7HA ol e ah4ket £ ot
Zog AZtEt AUk Ql 8L = 5% H7RENA 71
A UER=E, ol 7T Bt 3o ZFShA|eE, HE L
DA ESE Qls BRge| 71zl Aty AYzbEh
Puffed rice:= 70| &3} A5 O] gefo] =2, I¥
e g Edo] TR 7S st A
1] BIRE ARgoN JFA WS RSk, ZHAE
HE 83t AES Jfdele ol 7|2AEE E8E o=
Qxssi=g

A =

o] =12 201943 FUSAE Ao g skralalsly|&
AU ARG Wot 98 ATUEH AIAE),
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