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Processing and Quality Characteristics of Glutinous Barley Gruel
Containing Hizikia fusiformis
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This study was conducted to evaluate the physicochemical characteristics, perform a sensory evaluation of gluti-
nous barley gruel after adding Hizikia fusiformis powder to promote consumption, and identify the best ratio and
recipe. The gruel was prepared with rice and glutinous barley powder, and various levels (0, 2.5, 5.0, and 7.5%) of
H. fusitormis powder. pH, color, viscosity, and spreadability of the gruel were investigated. A sensory evaluation
was conducted by 20 panelists in the categories of color, flavor, taste, texture appearance, and overall preference us-
ing a 9-point hedonic scale. The viscosity and pH of the gruel increased as H. fusiformis powder content increased,
whereas spreadability of the gruel decreased gradually as H. fusiformis powder content increased. As the level of
H. fusiformis powder increased, lightness decreased significantly, whereas redness and yellowness increased. Color,
bitter taste, and H. fusiformis flavor of the gruel increased significantly as H. fusiformis powder content increased.
On the other hand, sweet taste (delicious taste level) and viscosity were not different among the different gruels. The
sensory test results indicated that the gruel with 5% H. fusiformis powder had the best overall acceptability. In con-
clusion, glutinous barley gruel with 5% added H. fusiformis powder was more acceptable than the others.
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FoiE2 /PEY AT v A Ao mhE &
B, B2l AR, A EAE 9 It A1) A5
2 Qlsto] 7k F o, e, ERY, vinh, JEEA de 53t
B2 gARe] FEEC] S8k Atk AT A &
S oheRt AR o] ol ol whek Aol tie i St
= Ao A= B oAa 91t A7 A A Al st
AB|ARS0] 7Rkl QlTt. ool wheh, A7 SRS AT T
A7 715574 Al B GJoE Aol T Aol ok A
A=, seits B B E=sE A2E 7sde 7R A
g2/ Edol vk B2 A7H 2Ro] A3 Fofl Jlth(Park et

al., 2012; Ahn et al., 2013; Lee, 2013).

2ol sl ALY FaAdol de] dAEo
2R TR 17 754 A A B o AlE
5] Zfhskar Sl s = Fol A e SR -2
Qo Af 7500F0] AAlBEAL Qe T 5 300]F A
2H|SHAL, AF 7ROl AFR ] YR ToR 9]
o}, By s 2 TSt 758 B E S ekl
& gRolElo] A, 3P H ookRe] oA i 9l -8
St A & 3R H 7k AL QIth(Park et al., 2014). S(Hizikia
fusiformis, Tott):> oFA|oF2] dfQtof| A Wol BEsl= A2
LApREe] Ay s = Seuete] Fgolle Al-dsiet
9 Ao Wol AAl5kar Qlth(Baek et al., 2013; Kwon and
Youn, 2015). 9-2|ubet =8 27 F 7P ikl S7gt
A& FO R 19850 8,497F0) 4] 20151 o] 242,532 AY
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AbsEal Qlth(Baek, 2007; Kim et al., 2010; Statistics Korea,
2015). A 02 & Aol el Al Hul el of
0] - Ak(glutamic acid, aspartic acid)a} 2] o]/ U 2<%, &, &
Q& 22 B7A, vl o] FHI AFo g odEA i,
E35] A (Kim et al., 2013), 43 (Kim et al., 1994), 3+
H5/d(Kwon et al,, 2015) o] 3 sj2f7= Ha A A
o] ARl HAAIF O R ¢14] E]aL Jlrh(Kim et al., 2012).

S ajubeto] AlA3sto)| A K| (Hordeum vulgare L. barley)=
Ak gl Eo] A0 2 19704 2R = 223 XS 24
sjot SUme] Aol miet 197610l 2] AAEe 2
w]o] Fa4ol tol HEsielch. 2 AsEe B4 2
7ol that T F7h 4 duleke] 2ol § mel S make
choret 130) A7} S7b5ha ek, wel ojH e vE
Sl ol &obm v, Ful, v -2f vjob Fof glom, He
o] v A E & pof| whef 22wt 62 0 = FRolal A
frof| whet ZH e] o} AR 22 s 4= 3lth(Seog, 2010; Jeong
and Yoo, 2014). 4]555}H4] S of|A] B Hel= Ao g7
et A2 AFoln, thE WRet vl asl & uf ghrdhE o
ol il =+, ¢l W AR 5] 7] 1 BlE] B7} E-5-s)
o W] 2ot Y55] B2 10% JEo] Aol dHE efatal 9l
tH(Choe and Youn, 2005; Park et al., 2010). E.&] &5 5of &
24 H ](Glutinous Barley)= WAF 63 9F 2 £591 2 U=}
o M2 & gl sto] &5 S AN a4 52
2 Ao 7t thg e = ghrE o 9lo, dut Hejof vis] 12
2] 579 2uto] §lof Alzto] S5t 3, F-&3t 1
o] ot &5 W] Fpotal & wA Ax) viE 4lo] Hut
o] g-o]alal 27]7} QIti(Gunsan Glutinous Barley Promotive
Team, 2012). Z|Foll= Sz 2] 5 o] &3t thaft 572 7}
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Zolgk Aty o g TR B 6~7u71oF Ral 3 #olA
TEYA7E R AR 2L o] ebd S| 27HA] FE A T
£ 752 o] ZAlo|th(June et al., 1998). & A& 43}
517] 41 W 33F Al 7] wfiZe] H7]ofl Fero] glal(Lee,

A= 0] H7tol whet e, T, HiEkl, 77
A5 UL E ST S 0= S 7L itk o) 4], =
Q14], ok, A4 0 2 B} 00, Fo| THA 0.2 -
27HE% F7181aL glof ofe] F39) Fol Aol Exol
U g E2E A4]Z 20 2 AJ9E] 31 9)tH(Lee, 2013b; Zhang et
al., 2002). o 27 &t 12] z17FA o] thgh Thilo] WobA|H A
ZHESA B 4 9LowIA, Qo] SulolA] Ashe gols)
I AmE oofstA U T = Sl S22 7 7hsAdol 2 4
Zo|g} & 4= QIth(Park et al., 2003; Kim and Kwak, 2011). ©]
of & dAtellA= 716/ AALME g R 9l = sl & ohg
F7HERetaL Helg 27 9 Akt A vt Fo] St it 4
o[ frar, 7714, HIEH Fo] FHI SRR 0 5 F
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ol A A3 S(Hizikia fusiformis, Wando, Korea)-2
Ab 22 AJAF A 2014WAF AZ B2 US| ALE-S

, 31241 2] (Hinchalssal-bori, Gunsan, Korea)7 |5+ 7
A Al Ao (KB A 20143 4R Yl Bto] AL-S-5)
A S5 ARE QT AR DA, ThAnf, o, o)
& AE A A P utE A QY ste] ARESEI S
= AJobe 148 SAloke ALgaklrt.
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£ 2YUS et SEAEREL X

E Huko BA)7](Hanil FM700SS, Seoul, Korea)= H-2{5t
7 IE TV EHE9aL S8
u} 9l b= Fofl 7o) A& sto]
ARESEITE & H7KSE AR EE S ARE 3 S
& 2.5 Lofl =8 4] oute], Fut 17K, it 1705 YaL 5&
=AM B F TAIEE 15 g5 gol ofgt B & 10:27F
o oA FHSFATE B2 53] 2AEke] Aol 4] 30 A
3t & "4 7](Magic MCH-308, TONGYANG/Magic, Seoul,
Korea)E 0§58t 1027 245t lct. 2138 R 2] 50] 4 S5+
o] AR v &L ouAH HutE HESI b3t o] ot
ot Au R ESI7EEO] Hlg-2 70:302. 82 1Sk, &
0 H7FS AT SRR SV 0] B F5F T 0%, 2.5%,
5.0%, 7.5%% 5ttt 2413k 42 70 g} S4= 700 mLE
vlof] gol FEof| A 3R R4 07 2 2] O HA| 7+E 5
T} £<= 300 mLoj| 32PAH 2] B30 )7t & Has Wil v
712 28t &, 71HE S ol Wtk Alzapgol A =
o] 29 BA YL O A OHA FF EolA TR H
7tgste] £ Azt
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X =, dEe] gl Ao U E2 AOACH(AOAC,
1990)°]] whet 4=85Hk-S 105°C AFera 29, 24]%-2 Soxhlet
&N, 22 550T A4S or EAskt). 2
A2 KjeldahlH-2 73t ®R Q1 B4kl o7t (e yof =24
t, 24-3-= Henneberg stogmann 2] 7{&FH of wha} s}
At Seeoha AR AR TR 8, B, B,
AHko] grge W gro = Ui Qleh B 242 338 v &
goto] Hatgho = ekt
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oH 573
% wUS A7 g3 E =9 pHe AR 15 gt S7
100 mLE 9 A7](Magic MCH-308, TONGYANG/Magic)

-

ol Yol 287k BBk 3087 AFLO|A g T Al
pHE pH meter (SevenCompact™pH/Ionmeter S220, MET-
TLER TOLEDO, Greifensee, Switzerland)E AM8-5}¢4 33] Wk
3 Zg5ke] Pgho ehiglch

Mg £H

7+ Al 7o) M= A2}A|(JC 801, Color Techno System Co.,
Ltd., Tokyo, Japan)E A8l L ("), a (AA ) U b (34
E)gS S5kSIth A& 3 33] HhEsto] SARE F 1 Hatgt
S eI &4 A] ARE-gH 3 W ATk (Calibration plate)
S 1.7k0] 98.03, a7k —0.14, b3k 3.159] %)

AE 5%

9] M+ Brookfiled viscometer (DV-2, Middleboro, MA,
USA)Z A& 200 mLE 250 mL H|A || Y o] spindle No. 5&
AFg310] 345 60 pmolA] Zelict. 7 AlRe] LRk
60CE AL A=A Y spindleS 60Z7F 254171 3 33]
HhE S sto] Pk 2 UEhlot.
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Table 1. Proximate composition of Hizikia fusiformis, Glutinous barley, and Rice
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o9 Folaiet, o sheh) Wstalc.
= L]

Alg A3k= SPSS 12.0 package program (SPSS Inc., Chica-
go, IL, USA)= SA|A 2] s}3l. o, a4 54 HARE Al <et
BE AYE 38 245 grol B BEAAE Lehyele 2
A B o4 HAL FAREA(ANOVA)E g & P<0.05
=%°||A] Duncan’s multiple range testo] w2} E-A4J51o] A|7
26917 o) % AEH AT,

Znt 2 D3

B

2 Aol AR &, S EE 9 o] oubdE B
A= Table 13} 2t} 2O g 11.50%, 23]4&
16.17%, ZEhzL. 8 03%, ZA|HS- 0.96%, BF=3HE
63.34%, ZA9= 11.50%0]H, SRR 4=E3lek
2 10.15%, 23]E-L 1.26%, ZTHAL 10.89%, ZA|HR
1.40%, BHREHEL- 76.30%, 2/4-8-= 0.87%0] ). &) 4=
BEEES 10.95%, 23|E-2 0.45%, 2 AL 6.50%, 24
B0 0.47%, EH3HE-2 81.63%, 2A9= 0.41%E Ve
ok Algah Az E 2 7 A 9 Al E 4 E/(Choi,
2005)0f gt Atoll A At £o| WIS AR Aat
SBEEES 10.5%, 2382 13.1%, REHHALS 13.1%, 24
1S 3.0%, EHRoHE-S- 58.3% 2 LFERt =T, ©
2o} oA Ggith, o] 22 A} Afol= £of &
A7) 9 715 2700l whet H4 Ao Zpo) 7t Ay s)
2 Az

X =2 Ui e SFEEa= pH Hat
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IS 7R SR 2] %9 pHE 5743t A1} Table
20 yehfioict. ZF 24 HE A|xg F9] pHE 743 At
5 BukS H71ehA] 98 2(HG0)S] pHYL6.482 7H 22 A
.2 vpepyth whe] & 2 2.5% 7R FHHG)S] pH
6.21, 5% A 713t Z(HG2)2] pHE= 6.19, 7.5% A 713t Z(HG3)
O] pHE= 6.160.2 & F29| H7leko] F7184=5 %2] pH7}
sk e Hon, 71 A7 2ol f-o4 tol & Ut
WEH(P<0.05). 2 A+ A= ahef] 22 7Rk ol gt o
“H(Lee et al., 2010)0| A wfef] Bo] Hriefo] FrldpsE =

P

(unit: %)

Sample Moistrue Ash Crude protein Crude lipid Carbohydrate Crude fiber
Hizikia fusiformis 11.50+0.04" 16.17+0.08 8.03+0.13 0.96+0.06 63.34+0.05 11.5010.34
Glutinous barley 10.1520.04 1.26+0.01 10.89+0.10 1.40£0.02 76.30+0.11 0.87+0.11

Rice 10.95+0.04 0.45+0.01 6.50+0.04 0.47+0.06 81.63+0.16 0.41+0.08

Values are mean+SD (n=3).



Table 2. pH of Glutinous barley gruel with different concentration
of Hizikia fusiformis

Sample’ pH??
HGO 6.48+0.342
HG1 6.21£0.01°
HG2 6.19+0.03%
HG3 6.16+0.01°

'"HGO, Gruel added with 0% Hizikia fusiformis; HG1, Gruel add-
ed with 2.5% Hizikia fusitormis; HG2, Gruel added with 5.0%
Hizikia fusitormis; HG3, Gruel added with 7.5% Hizikia fusifor-
mis. *Values are mean+SD (n=3). *Means with different letters in
a column are significantly different at P<0.05 by Duncan's multiple
range test.

T B8-S Ui PR Sl Ne éx 75#— Table
3o Yepigle. H=E veili= Lake] 49 HGO 6731,
HGI1< 50.97, HG2= 44.850] 11, HG3= 38.362§ iy
7ol F7FstAA oA 072 Zastqlar, 7+ kg 1|
o4 atol& UEHHTHP<0.05). AN =S Yt = adh> &
Ho H7bekA] 9 Z(HGO)o] -1.352 7P Wokal, 7.5%
HS A7kt H(HG3)0] 4352 7P &9kt ek A
b71—o = Hualo ;‘<47}3};<] oro UZT(HG())O] 6. 80
1o H7Fsl 2(HG3)0] 14.860.2 714 =9kct.

o] o2 AME W S L 271519 11, 7) 7'@,
o4 2pol S HATHP<0.05). |27t Ak Fa
TH(ELES) Azl 3t A5 (Mun, 2004)014 &
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Table 3. Hunter’s color value of Glutinous barley gruel with differ-
ent concentration of Hizikia fusiformis

Hunter Value

Sample’

L a b
HGO 67.31£0.01323  -1.35£0.02¢  6.80+0.00¢
HG1 50.97+0.03° 2.64+0.00°¢ 11.62+0.01¢
HG2 44.85+0.00° 4.05+0.00° 13.34+0.02°
HG3 38.36+0.04¢ 4.3520.01°  14.86%0.03°

Refer to Table 2. *Values are mean+SD (n=3). *Means with dif-
ferent letters in a column are significantly different at P<0.05 by
Duncan's multiple range test.
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AS A3t 7 F-9] Eofl= Chlorophyll A&C, B-carotene X
fucoxanthin - o] 2] AaxE50] o-f E o] Qlo] 7FE A2 Al &
o MaZo| BEE| o] Fo M7} thads o FA UEh= A2
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Huko A7)l 828 g]Z0] Ax Aul= Table 40] Ut
Rl Qlc) B2 H7bA] S E(HG0)Q] HE: 4,533 cp
2 7p ;}g&gna 7.5% % w45 371 F(HG3)9] H=e
6,780 cpi 71 sesteh. % we] Hhdo] SRS Fe)
Ame H2bE 0 2 S71819 0, % 2 W7 7ho] 014 2}
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7}6} F(Park and Cho, 2009), i—?—%H‘JO] 5 e e

2
=

o
l?éj
rlon
2t
nE
HT
m
HA
10
ox
H-|

=
2N

m{o
nZi'
o

jat)

2008)2 ZEPO] TZHEA Xdﬂ 3 l %7}??-_}*—1 @57} s7k %
A AAsATE ol =
04% sleF, 2P| A|7F 29 2% Sof o5 I3RS ‘ﬁit‘i 2:4-
ZQ3 9EA EX o2 & ul 2ol A7)k Hgha] o) 2]

o].o:] oJgke w7 o & oFe A 9lr}(June et al., 1998). = Al
3 AT} E B Hreh A 220 A Wals B Y7t
F 371l et F0) i T FRjo] SRR Mt ol
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% 295 et IR e 59] #3l/Ad A= Table 49
E} CES AH7FeA] ok 2(HG0)] HAAL 7.2 cm
2 7H =0, 7.5% & w82 H7HE SHG3)9] HAdS
5.1 em& 7P 2HA Uebgth £ 2 bl 71 E 5
o] W dol FolH o= Fastql o, ZF H7hek Tl §-24
Z}o] S H g th(P<0.05). Park et al. (2009)2] ¢19) H4hS A7}
g =9 F4 S0 et A Ao A A Bue] Mk
o] F71&E w0l Hadhs HgE Hof 7 AY Anke}
YA Bh= 2 0 & FRIE| e}, 3, 28 B2 H7Fsh Sof &
31 AH(Kim et al., 2004)| A = &7} H7)eFe] 27171 29
A Ao A2 Q1 g lojetar K asglct. wheba, 4 9l
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Table 4. Viscosity and spreadability of Glutinous barley gruel with
different concentration of Hizikia fusiformis

Sample’ Viscosity (cp) Spreadability (cm)
HGO 4533.33+151.77423 7.20+0.172
HG1 5416.66+124.23° 6.00+0.17°
HG2 6440.00+96.44° 5.4340.35°
HG3 6780.00+127.67° 5.10£0.00°

Refer to Table 2. ?Values are mean+SD (n=3). *Means with dif-
ferent letters in a column are significantly different at P<0.05 by
Duncan's multiple range test.
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nAjge) Hrlego] YoldeE Fe| 48 Y% S| Zvje
o % Ujo] & §efo] 7457 whio] w R 4ol Zasls Ao

2 A2 HtHKim and Kwak, 2011).

5 22S Uit EEEEeRe HSEY EUt
+

sl

T TS AR Sl R 2] 5 0] We S 7ol wEt Ayt
= Table 59 Yt 2ic}. A(Color)S & Eit 147} Z(HGO)
= 4052 7P A e, £ 2o Hrkge] Skt
of whet Mo 3 MsA]= AaFe] |lemn, Al
o5 UERHATHP<0.05). o] &2 A= % &2 J7He &
Zholl W2 L (FE)3ke] A4t dA|ohe duint, £33 A
Euk(Park and Cho, 2009y 735t o) 4] I B2 H7le
o] F7FE M| e ASHA el L (= )gkol 34
3t AR sHoATt. 2 &Fv|(Hizikia fusiformis flavor)
7} 3(HG0)°] 3.80L.2 71 oFsHA| Leht e
, 7.5% 5 23S H71sE S(HG3)0] 6.452 %2 §Fu|7} 7}
} et Ao 2 yelytth 2uk(bitter taste)S £ B2 KL A7}
S(HGO0)o] 0.752 717 5te] ofgilom, 7.5% & = 4
7FeF £(HG3)0] 5.25% & w8 H7hd S717H 802 57 Al
7 Ao 2 Hrle ik Tl (sweet taste) T H == F 2
A 7F 2(HG0)o] 22 4.00 2 56002 714 W 2hS e}
W o, 29 7 5= 7kl whE -2 A ¢l Afol= Kol
ool & o] o Tty H o= A Y= vIAA %=
Ao 2 Uesith AA A Bt A A = £ R0
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FHGO)T & B2 H7HHG1, HG2, HG3)9| vt A=
= T Aol gl AR FRlEGlo, A, 29 |, £20te]
Hedwols & wEe] Tk 37l mhat 243 2o 7} Q)
Ao & Vet

T S A7 SR 2 %9] 7| S e A Ail= Table
60l VEpH QIct. 23, &, o, glAA E F 7 A A1 7
T E)9 BE s EA QoA AR 7 EAIAR] foAE B
o A= ghgtot W H gl Aol & BTt 9] A
2 HGO (£ &% F3711), HGI (£ 52 2.5% H7Ht), 9
HG2 (£ 29 5.0% d7H)= AR A 22 Uepstar, HG3 (
T8I 7.5% A7 7P W BUHESE Ak olggt
Aib= RO gao] 29| Frt g Aol 71Swel &
FE FA GATE, 7.5% o] sEoA= Fo Aol A
Ao 8 Hol 7|0 ks nA= Ao & AYZHcth
Fo] 7.0 HGOo| B3] HG1, HG2 ¥ HG37} HH& o=
FW7HASE Dol & 7Y 7|5 %7t 7371l vl E)
& A0 & Uepgteh uhe] A9 & 9 5.0% 71 HG2
7} 7 o 75w Byl M A9a, TS0 2 HGL, HG3
2 HGOS] 2o Sitt. ¥ A A] £ B F 791 HGOoo|
Hv]3te] 3 2k A 719l HG1, HG2 2 HG39) 7| 3.% 37 4
S7F A UErstT o] 8 et A £ e A7l whet =<
AE7h EobA "laAo] AR JFE FU7| fEo= &
etk SEE7HEAA AR 71 5%)0] A= HG27 71 =
L 7|5 E WrASRE A9a, the 0 2 HGI, HGO ¥ HG39]
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Table 5. Sensory properties of Glutinous barley gruel with different concentration of Hizikia fusiformis

; Hizikia fusiformis Taste ) .
Sample Color - Viscosity
flavor Bitter taste Sweet taste

HGO 4.05+1.50°23 3.80+1.82° 0.75+0.85° 4.00£2.102 5.60+1.532
HG1 5.10+1.99% 4.80+2.86° 4.50+2.892 5.00+1.862 6.35+1.392
HG2 5.95+1.60° 5.05+2.58% 5.00+2.792 4.90+1.45° 5.75+1.832
HG3 7.45+1.632 6.45+2.482 5.25+2.65° 4.95+1.672 6.00+1.75°
F-value 14.348*** 3.926** 14.840*** 1.423 0.805

I Refer to Table 2. *Values are mean+SD (n=3). *Means with different letters in a column are significantly different at P<0.05 by Duncan's

multiple range test.

Table 6. Sensory preference of Glutinous barley gruel with different concentration of Hizikia fisiformis

Sample’ Appearance Flavor Taste Texture Overall preference
HGO 5.90+1.59223 5.15%1.272 4.85+2.032 5.1541.75° 5.35+1.602
HG1 5.89+1.842 5.95+1.852 5.35+1.692 6.05+2.372 5.85+1.842
HG2 6.15+1.272 6.05+£1.932 5.75+1.972 5.95+1.982 6.05+2.162
HG3 5.00+1.952 6.00£2.202 5.05+1.762 5.651+2.162 5.20+1.702
F-value 1.774 1.072 0.784 0.755 0.959

'Refer to Table 2. >Values are mean=SD (n=3). *Means with different letters in a column are significantly different at P<0.05 by Duncan's

multiple range test.
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