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Abstract

This study analyzed the quality characteristics of nutritional bars with varying concentrations (0, 0.5, 1.5,
2.5%) of Enteromorpha intenstinalis powder added. To achieve this, color analysis, an assessment of DPPH
radical scavenging activities, and sensory evaluations were performed. The results revealed that as the amount
of Enteromorpha intestinalis powder (EIP) increased, pH and lightness values decreased. DPPH radical
scavenging activities of 75.26%, 56.11%, 71.59%, and 62.49% were exhibited for the 0%, 0.5%, 1.5%, and 2.5%
concentrations, respectively at 50 mg/mL. Significant differences were observed between the samples with
respect to the color, appearance, texture, taste, and overall preference for the nutritional bars. Overall preference
was highest for the nutritional bar with 1.5% Enteromorpha intenstinalis powder added. Therefore, adding 1.5%
of Enteromorpha intenstinalis powder to a nutritional bar is most suitable for enhancing preference and quality
characteristics.
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)t AlAE} A1 Alolo] WM o @ o
7} S7vsFAA 3—’63‘?}, %HI, H]UJ, APdAe Sk 22 Agsh o) Whgo] ekl Qlrh(Kim,
2020). EHdAkA=2] Reactive oxygen species= AUl 4] 2HAYSI0] AlSE AEWAS GHlsh | A
32 G g wR, AlERER 9 DNA 240 22 Al 344 o]t ol g8y, dE E
ot 5 < FURICHKIm et al., 2016), o]l whet o A7} 7R E| gl oLy, o2t
e AR aE e e A S 2 =4 EAE 9o 4= QltHHwang et al,, 2013),
ot A S Hekslr] Q] WA EAS o83k A Aol thgt A7t RIsE]aL Q)
(Sabeena Farvin & Charlotte, 2013).

B3, sflfie vk 7 dat Aroll gt ot a vty Slvk= Alo] defA qlof siafiE o
85} A7) A &4 0 7 o] Ro]R|3L QITHChoi et al,, 2020; Kim et al., 2023; Lee et al., 2020).
ekl A AQko]l Razshe maAlE Aol &ol= dhelie Ut gfo] s5elaL, deliek
AsfietelAl =& Eazskal Qlal(Kim & Lyu, 2010), HIERIT 7] de] FHshe, 53] alefjo] 9F
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Table 1. Ingredient Formulation of Nutritional Bar Added with Enteromorpha intenstinalis Powder

Sample”
Ingredients (g)
EIP-0.0% EIP-0.5% EIP-1.5% EIP-2.5%
Puffed brown rice 17.0 16.5 15.5 14.5
Enteromorpha intenstinalis powder 0.0 05 1.5 25
Cashew nuts 7.7 7.7 7.7 7.7
Almonds 211 21.1 21.1 211
Walnut 48 4.8 4.8 48
Pumpkin seed 7.7 7.7 7.7 7.7
Sunflower seed 6.1 6.1 6.1 6.1
Dried blueberry 38 38 38 3.8
Dried cranberry 48 48 4.8 48
Grain syrup 11.9 1.9 1.9 11.9
Yuja cheong 34 34 34 34
Sugar 10.7 10.7 10.7 10.7
Salt 0.1 0.1 0.1 0.1
Cooking ol 09 09 09 09

Note. " EIP-0.0%: nutritional bar added with 0.0g Enteromorpha intenstinalis powder; EIP-0.5%: nutritional bar added with 0.5g Enteromorpha intenstinalis powder;
EIP-1.5%: nutritional bar added with 1.5g £nteromorpha intenstinalis powder; EIP-2.5%: nutritional bar added with 2.5g £nteromorpha intenstinalis powder.
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so] A ot A= ZhHsAl HRE 4= Q= AEeR, A A1
2 HRRE2] Stofl ARt AlFolnt, 2ol Aol Hel
= HARE Afololl A Al Befel Y B 9f7t v,

ofufAuEe} 2 Gt Aol ik ¥ol sgokA|aL ‘il‘i}(Kim

et al., 2018; Lim & Jin, 2021), A57kA] sFujellA] =a4%l JoF
B QR U VRS 2Rt A dYhlee, 2019), 4
2 55 7ol w2 YUdrH(Park et al., 2014), L 7}
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1. M=

= AlBlof| A ARG At (Enteromorpha intenstinalis)
= vty 7HBada myeongga, Wando, Korea)ol| 4] AZE A2
T-43te] blender® H2i5F §- 40 mesh®] A= Wzl $- A1-8-3}
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Qar, 1 o] Aol A8 H1|FHH(Gochangberryhankwa,
Gochang, Korea), ZAEF4 ]
(KumhoFD, Dried Blueberries, Seoul, Korea), A=#HH|2]
(Sominternational Co.,
o= (KumhoFD, Raw Almonds, Seoul, Korea), 7474
(KumhoFD, Cashew nuts, Seoul, Korea), &5(Crefood,
Walnut, Gunpo, Korea), @2](KumhoFD, Pumpkin seed,
Seoul, Korea), 3v}e}7] % (KumhoFD, Sunflower seed,
Seoul, Korea)?} A5 A&l

Puffed brown rice,

Cranberry Bits, Yongin, Korea),

ZA(Chungjungwon, Z72Hd,
Osan, Korea), 444 (Goheung Food, %842}, Goheung,
Korea), 2% (Jeil Jedang, "4 U%, Seoul, Korea), A&
(Jeil Jedang, whate sugar, Seoul, Korea), A]-8-5(Haepyo,
tHFutEo A SHufish

Haepyo's cooking oil, Incheon, Korea)+=

et

2. qAtte| M=
Pt Bk H71eh Qo= Park 5 (2014)9] A=
Zkarsto] Table 10 we} Q= vlgz Alxstleh ould7lel
M= R 2 AR S5 0%, 0.5%, 1%, 1.5%, 2%,
9. 5% A7} dokulE A xste] W WIS Kskgity 11
A}, Ps B7PF A o AR 2 1%, 2% 7RSS A
1ar, ARpel 29 0%, 0.5%, 1.5%, 2.5%% X713t oot
Xﬂiﬁ}‘ﬁ‘:} AR Te 7R JdHE AlEAl FUHE
I3t B AaAZ17] f1sl AR FARY, A9, 29 A
6= ZZ 9l (Premium Wok, Kitchen—Art, Incheon, Korea) <
HaL FEollA F& 7hshe] =591 S JdHF AR =71 130T

T FRIeE, o]0l An|wRa w2, Ak
s Yol 42 F Soll =S 9aL, WHE of8st
SIS HEsH| Hies sl e AdE AN
slo] % 3.5 cm, 0] 10 cm, %°] 1.3 cm®] 7|2 A& - 3
ato] 2|ufulo]] WakshHA] AlRE ARg-SHT

o

FU
ol

r e to
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3.pH&H

pH+= 2471 (SMX—350SKH, Shinil, Cheonan, Korea)
£ ARESto] wtdsHAl AR Al 5 g2 45 mLe] Sl |
a1 AR & 4204 304t AR & AfsE FHelf o)
A(Whatman No,1)°] ¢3}5F & pH meter(Orion Star A211,
Thermo Fisher Scientific, MA, USA)E AR50 =459t}

b

4, 2=ER &Y

==

A

www.her.re.kr

Human Ecology Research

SRS B 7|(SMX—350SKH, Shinil, Cheonan, Korea)
= AREsto] Jomte] At WS Alof FUsHA Ealit AR
1 g& ARgste] 105TollA] ALl =254 71(XM60, Precisa,

Dietikon, Switzerland)® ¢S =451}

5. M

M= oS B4k Al FI8te] Petri Disholl ®1 5<F
o] A7)|A] QrEE o T AT A(CM—3500d, Konica minolta,
Tokyo, Japan)S AFg-slo] L (%, lightness), a (M &,
redness), b (BHU% yellowness) 4k S451AL, = AT

2 agk —0.19, L4k 99.03, bak —0.29 o]t

6. DPPH radical 27{&d £

A S A7k dofnte] DPPH radical 474
2 Lee 5(2007)2] wiol upet ZAstolct, £47](SMX—
350SKH, Shinil, Cheonan, Korea)& AM-510] Al2E —EJH A
71 & 1 g Al&of| ethanol 9 mLmlE ¥al w43} )71 &, 25C
o] &} vjok7]( LSI-3016R, Labtech, Namyangju, Korea)=
L6AIZE 59t =53 o poS ARESITE Yt =559 =
W AE-goF 40 ulefl 160 ul 0.1 mM DPPH solution(Sigma,
D-9132) gal 3087t HRSAIH] Zof F3g% (PowerWave XS,
Biotek, VT, USA)x= 517 nmof|A] =731ict.
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% H AlEHA= 50 l 1.5 em, 7}E 3cm, A= 3
cm®] 7|2 Algsiglon, AHAF 7] AR 2 Al
3t Q) (appearance), M(color), &n|(flavor), YHtaste), AHH24]
2] 7)Z % (overall preference)S 74 HEW (17 o) Lpwc)/
of= oFsitt, 741 o= Frh/ola: ABlthE ARESto] AEske
= AAsH

ro
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Table 2. pH and Moisture Content of Nutritional Bars with Enteromorpha intenstinalis Powder Added

EIP-0.0% EIP-0.5% EIP-1.5% EIP-2.5% F-value
pH 6.38+0.23"" 6.36£0.11° 6.25+0.04° 6.0420.11° 734"
Moisture content(9%) 4.12+0.08" 4.20+0.08" 4.48+0.08° 452+0.11° 24.724"

Note. " Each values is mean+S.0. ? Difference letters(a~b) in the same row are significantly different by Duncan's multiple range test (0<.05).

“0<.01, p<.001

H A& 0] Auk= SPSS 21.0 (Staitisticl Package for Social
Sciences, SPSS Inc., Chicago, IL, USA)S o]83}o] Hotw}
TR et ¢94 1%(p<0.05)S 9J5to] HARL
A (ANOVA test)2 AAEFon, AFSHA O 2= Duncan's

multiple range test® H] 3l HEA5FITH

~
&
A B W7kt o] pH 5743 Avk= Table 2
o Zrh. ti2t9] pHi= 6.38% 7P tqkom, ARjulel S
6.36, 1.5% A7 6.25, 2.5% A7 6.04
2 H7FFo] F7Ietell whet pHi #H4shlthp
<0.01). &% w4 7E Gogute] A-tellAl= E B TRk
7V pH7L 57 okl B arslo] 2 et E}E ATE B

O1HLee, 2019). mjAyo] EHRS: H7keto] gk F-71( Lee et
al., 2010), 7 FHHE 7Isto] Alxgt 7HAm) 7} BlE 7]
(S. J. Kim et al,, 2020)0l|4i= w8 Z7lego] S71gkel whet pH
7FfrelA o s Fhaste] 2 o] Aukel ARt o= ARt
uef] BRS H7FeE S (Lee et al., 2010)914] pHE H71el= 24|
59| pHol| ks W=rtal gk A-Fuf-8ark o 2 AtofA| = &
ARt f 7R S7etoel] whet pH7F 7 E| Sl of= A}
e o] chil Ay} F17]2 W o} ATLEAL SRk} Fhko] tzofA]
AR ] pH7F 7wl M7k At e vl
of| wh} pH7} 7l 21 0 =2 Al

A S H7RRE Pt ESES SAT ik
Table 29} 2}, thzate] ESES 4 12%5 714 Worom,
ARjael Bk 0 5% H7RES 4.20%, 1.5% 7R 4.48%,
2.5% 7\t 4.52%5 At B Hrkego] Srkstel uhet
j&io; 2R 2713190t p < 0.001). Joo2}t Choi (2016)2] ¢t

L ok H% 27lfo| Zr)skeg SEslako] WolArial Hals)

A el k2 Aks Bolok T18u S, J, Kim &5 (2020)0]

¥
N‘

LR
ke

rhz Vl

o
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AN ZbAjstel 7k ] Aok Chost Kim (2013)0] Al
Ak ulahe) RERE ke 7] ol Az Rate Wrlako] %
FFafol] whe} 4-atego] djzaol uls) folHoR F7ksle]
2175ttt opl Al Al S gk b
Aime) e lstel 1 psfele] ols] SAES el 1 g1
ol q el ko] Z7lgtel nfel SxRgluo] S71E ol
S, J, Kim 5 (2020)0] 70l4] Hars520] Fjafel Hto
Aot S5 BgBIaL glo] Xt Bt 17)e

o] Z7pEE ojojlo] 2xHEleko| ol X 408 AlEEc)

SO
sl

2 M

Al B ke ojorke) el AwE 245 At
= Figure 13} Table 39} e}, Axputel 2212 7)eh o
o) M ZAT A}, Y= LS thalo] 68,05 §94
o= wgron] AAjule B 0.5% H7F- 6371, 1.5% A7t
T2 61,80, 2.5% 72 61,54% ARl 2 HrleFo] &
7Fetell whet Lgke] F4xsk3ithp <0.001).

ol b el Wk w] wiZel WrhEls At
e 2] 7l whet W= gho] g ZloR AlREn a
A thizeato] 4,972 718 359kl AAfue) 2 0.5% 71
T2 372, 1.5% HA7REE 2.79, 2.5% H7RES 1,395 AAJart
ﬂi T A7) Skl wheh agite oA o Hasiitkp

001). o= AARe7E AL Q= SRed Maso] ke

Qleh kel Rk 7o) S ool S o
& & AOR AR, A bk ARt 0.5% 7t
0] 22.05, 1.5% 47~ 21,10, 2.5% A7~ 19,0002 %
Aprkef] Bk drleko] Zr)sto| uke) bglo] S-oj& o R 74K

thHp<0.001), Cho (2010)2] u}e)] ke 7|9k 4= A9} Lee
€} Yoon (2008)¢] uhef] w2 H7IRE 7Y Atolld= wef &
o) kel Sredel whet Lok sk W bt agk>
S7IRbaL Halsto] 2 Q- Aujel v 2y Holrh Jeut
IR S 7R 5 (Chung, 2010)2] 3toll = ahef
of H7io] S7retell wheh Lk} agho] fasto] 2 -] At

00“
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Table 3. Chromaticity of Nutritional Bar Added with Enteromorpha intenstinalis Powder

EIP-0.0% EIP-0.5% EIP-1.5% EIP-2.5% F-value
Lightness (L) 68.05+0.71""” 63.7140.13° 61.80+0.09° 61.54+131° 80.54"
Redness (a) 4.97+0.44° 3.724021° 2.79+0.35° 1.39+0.24° 108.54"
Yellowness (b) 17.4540.65° 22.10+0.29° 21.10+0.81° 19.00+0.79° 49.00"

Note. ” Each values is mean+S.0,  Difference letters(a~d) in the same row are significantly different by Duncan's multiple range test (0<.05).
“p<.001

EIP-2.5%

Figure 1.Visual comparison of nutritional bar added with Enteromorpha
intenstinalis powder.

Aol A AAple]] o] S7ketol] whet
°§°om}° AHo] XEOK l L Lim (2008)2] ¢15tof|A] Hils[0|
=% H FERg 7l2uA|, e A4

2. DPPH radical 2715

AR i ArbES delsto] Azt JHte] DPPH
radical 2275 =4 A= Figure 292F ), gokdke] DPPH
radical 4715 =4 23} 50 mg/mL o)A HlZ2t2] DPPH
radical &75-2 55.26%= 71 Wokom Zxjule)] 2t
0.5% A7}~ 56.11%, 1.5% 71 71.81%, 2.5% H7-
& 62.60%= Ak el Hdrisre] F7iekell wet DPPH
radical 2758 G914 0 g Z7|6lo)(p<0.01) AR S
1.5% A7kto] 7 =2
o2 J7IRE s2rE GUHHLee, 2020)¢1RollA = 20
I ARgo] SRS @v] 4 ¢JHke] DPPH radical 47

o] F7Fsto] & A= Autel A5}, TRk HE S 7t
P AlsEA o)A ¢ (Bing & Chun, 2015), ZA1% &
Alo] ghAlst At(Jeon & Park, 2015)9F A% &
5 AH(Lee et al., 2014)04 % = A5-2] Ak
= LT

1.
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= mE
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©
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7Rl H7E HEF719] 15kl A, Al S 5‘47}—%4\j
EopH ol gkt 3wl obo] Srlske] v 3
st ol fojAlem Frtslelon, ZiAlml 7ol 77}%
45 ICH0 Zrol #rasslo] DPPH radical 4~A-50] Z71slictar
HAEItHKim et al, 2020). gh=ioilA] 41881l 1% Q}—E(U]
o Chalol, ), SERER, SRR G '
ghElco| =0t Eejulis o (He] AT HAIE AR
xRl o] & Eejuls ol 8,97Tmg/go = 7}” =0k
ouw DPPH radical 24%% 74 &4 YepdthKwak et al.,
2005). oli= "7} A Aatishay) cha o] AgkS Alsfghe.
24 AR} gHdo] tzobxl o' HAlE| el wafel mef=
ChE el (], oAl &, Z)Ec Eejulks 9k DPPH
radical 22A50] 7 k= At A E, FAkaefol ok

ZefH o=, E2|ulis, f—carotened} R 20| Arjuld] £
kS X 715E oofuto] AL S-S o) Zl o g Alg )

ke Lol WlES gelstel Az Joplel T
AF ZATH= Table 49} 2, gute] Sl A, ol foiHel

Alolg ol glokar, eute] ARl 7] A

80 a
=
£ 70 b
= d C
o
@ 60
o
=
= 50
 ay
g
g £ 40
wy
K 30
3
= 20
T
&
o= 10

]

EIP-0.0% EIP-05% EIP-1.5% EIP-2.5%

Figure 2. DPPH radical scavenging activity of nutritional bar added with
Enteromorpha intenstinalis powder.
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Table 4. Sensory Evaluations of Nutritional Bar Added with Enteromorpha Intenstinalis Powder

Sensory properties EIP-0.0% EIP-0.5% EIP-1.5% EIP-2.5% F-value
Appearance 5.88+053" 6.00+0.50 6.04+0.45 6.00+0.41 0.533
Color 5.56+0.58 5.60+0.82 5.88+0.60 6.00+0.58 2698
Flavor 5.00+0.65 5.56+0.71 5.64+0.64 5.76+0.60 6.727
Taste 5.12+0.607 5.80+0.41° 6.32:+0.48° 6.04+0.20° 33.143"
Overall preference 5.16+0.62° 5.64+0.49° 6.28+0.46° 5.96+0.20° 25939

Note. ” Each values is mean+S.0. ? Difference letters(a~d) in the same row are significantly different by Duncan's multiple range test (0<.05).

“p<.01, " p<.001

o fo29 Aol ek, el ML thrito] 55605
7P vigkow], Al B 0,5% H7keS 5.60, 1.5% W71

105 88, 2.5% 7R 6,000.2 LreEpyiT)

Table 39| M %74 A¥e} vlals]] & o A4S H= )
o A7Fgo] S7Fers Gdute] Ao] ojxlom 7157t =
Al Yepd=S ik, o] & Fofl ARk o] A7t 712w E =
4= Qlths 2he Eeleh 4= QAgiek el g AR
1.5% 37kto] 6,327 0.2 7g ko], izt 5,128 0%
7P S 7RI, AR S W7 Rk b
Ql V)& A Bt 1.5% 7kto] 6.28% o= TP
orow tjxito] 5. 16H0R 7P ooz v Brlw i}
TReAAfe] Al 2ol o g B A 2ol 7|5 ) P =

© sl Bt 15% H7Kto] AAuke) Hake] 1A oS
gk g shRA 7SS e 4 gl THE M) s g
st

o oF
S -

2 At M= 7Isde] et Al EEe 0%, 0.5%
1.5%, 2.50% H7V5t Jopule A|zslo] 22 =
Fz B go}q zLx}JJ(aH o851 JoFnlE fabsial
7

"I sl @z}% ww vJ@E s o

[e]
wle, Ajalel Lot Mol Skatel et a g felde
2 22ckp<0,001), ol AFE At} 7pa 9l
L Ege) w0 w ols) Pjulel 2 Wil F184E 3
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Gure] Aol FIe & ZloR Al Al £ )
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