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Quality Characteristics of Heunmi (Brown Waxy Rice)-Ssuck (Mugwort)-Injeolmi

Kun-Jong Lee' and Bong-Soon Choi?'

'Dept. of Food and Nutrition, Chungnam National University, Daejeon 305-764, Korea
Dept. of Hotel and Tourism Management, Hyejeon College, Hongsung 350-702, Korea

ABSTRACT

The characteristics of Heunmi (brown waxy rice)-ssuck (mugwort)-injeolmi containing different contents of mugwort over
a storage period of 2 days were studied. The pH level ranged from 6.4 to 6.5, whereas moisture rate ranged from 34.4 to 51.4%
with different amounts of mugwort. Heunmi-ssuck-injeolmi with different amounts of mugwort showed significantly different
characteristics in the texture analysis. Hardness, gumminess and chewiness all decreased, whereas adhesiveness, springiness and
cohesiveness increased with greater amount of mugwort added. Colorimeter analysis showed that L-, a- and b-values of
Heunmi-ssuck-injeolmi were inversely proportional to the amount of mugwort. Scanning electron microscopy (SEM), confirmed
that the stoma size of Heunmi-ssuck-injeolmi was directly proportional to the amount of mugwort, whereas the largest stable
stoma size was observed with 30% mugwort. In the control group, retrogradation was preceded by expelling water, known
as syneresis, whereas Heunmi-ssuck-injeolmi showed less retrogradation with a higher moisture rate. It is expected that
mugwort containing cellulose discourages the retrogradation process. In conclusion, 30% mugwort showed the least
retrogradation and was the most preferred in terms of taste with stable stoma over the storage period at 25°C Therefore, it
is appropriate for the manufacture and commercialization of Heunmi-ssuck-injeolmi.
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Table 1. Formula for Heunmi-ssuck-injeolmi

Blanching mugwort (%)

Sample Con."”
10 20 30 40

Heunmi

2 24 21 1
(brown sticky rice) 70 0 0 80

Mugwort 0 30 60 90 120
Salt 3 3 3 3 3
Sugar 30 30 30 30 30
Water 10 10 10 10 10

' Non added ratio of blanching mugwort, Heunmi-injeolmi.
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dAnjzldn|e] dlax S-S 9I3IA] texture analyzer
(Stable Micro Systems TEXTURE ANALY TA-XTII, Surrey,
England) & AHE-3led 53] REE- 2243190tk 712 20 mm, A2
20 mm, 77 15 mmE A|ZE ARE 23] A&H 0= 3S)
AFAE W IR = force time curveZFE] 7 E(hardness), -
2+ (adhesiveness), ©F2“d(springiness), -3-%d(cohesiveness),
ZA7(gumminess), %3 d(chewiness)Z} -2 TPA(texture profile
analysis) parameters S 34t 5% 2712 pre test speed:
3.0 mm/sec, test speed: 1.0 mm/sec, post test speed: 1.0 mm/
sec, distance: 80%, interval between two bites: 3 sec, trigger

force: 5.0 g, probe size: 5 mm©|]Th
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Point Dryer)& ©]&3l] AZAZATL E4dE 24F 3 ion
coater(OsO4 Coater, Vacuum Device, Inc, HTC-ISW, Mito,
Japan)= FHSINTE IR Ag5E FAPAAIARZ(SEM,
Scanning Electron Microscope, S-4800, Hitachi, Tokyo, Japan)
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Table 2. pH and moisture content of Heunmi-ssuck-injeolmi
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Blanching mugwort (%)

Con." F
10 20 30 40
pH 6.5+0.0 6.5+0.1 6.5+0.0 6.5+0.0 6.440.2 1.4
Moisture content 34.4+0.6° 35.4+4.5° 46.5+2.4° 48.5+0.1° 51.3+0.1° 23.0"

' Non added ratio of blanching mugwort, Heumi-injeolmi, Values are Mean=S.D., n=3.
a® Means with different superscripts in a row are significantly different by the Duncan’s multiple range test =~ p<0.01.

7F FA4el 77hE 6.4~6.59 WS Ve
Hnjzoldn| o] =8 ke Table 20 YERNQITE iz
0] 34.4%°]0 3L 10~40% F 7}l whe} 35.4~513%% %
o] A7t wet x5l F7FetAth 58] 20~40% 37}
ol A 594 zpo]2 BATHp<0.01). ©] AL 4~8% 7712}
7HEE TR AbeE FIARIAR] Fol|A i e
o] 42.76(4% 3 7FH)~40.68%(8% A7) & AT 7tk
o] Faste] FIIAFFe bl Sk R ol
L38l8] gasisitt aely A RS APt A rlete]
e A E 238 dAn|gddnet fABH R

gFol S7lehe S HAtHLee et al 2004).

2. Mg
drjerldn] o] Himol] A7 A= Table 33 2t} &<l
Avle] oA e de wmekil A, %l
o] Bolo] e} e 254S JeplA, BED)F
& gizo] 48.8010T, 10~40%2 H7heko] F7hehEA

38.9~32.5% AA 3] Aasleh A E(a) ik 5] HIHF
of e} Hashe Ade Hol F4 Ho] oS & 3
ATHp<0.001). AN Z=(b)Ft= thZET0] 10.1°]%3L, 10~40%
2=0] H7}eke] whe} 8.1~530% thxatel Bls] SAEr}
olH o g 2adte IS HITHp<0.001). o= HIZ &
Zalo] AT (h)E A @ AZE YEINTE L, a, bdk
T 9] MUt wet folHo® fadte A B
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Table 3. Hunter’s value of Heunmi-ssuck-injeolmi

O H(p<0.001), o= FE|F e M7t e HnE Az
shle we] Aol fAFsESItHLee & Cho 2001).
3. EAx
u|eQldn]o] B] 23 2 7 T (hardness), THd(springiness),
2H](adhesiveness), -5-%/d(cohesiveness), 5 2Hd(gumminess),
373 (chewiness)= 5%t Table 4 YERASATE 71414
2= 044 springiness<} adhesivenessE A&, &
oAl oAl Aol & KA THp<0.05).
7dE(hardness) & &4 A1, Anl&Qldn] dlz2T2 0
AR 341.4 gem’S} 297 14123 glem’ 2 A% 220] A
A 3uf o)de] B=rE Srekslnh B &l HUbE 10~
40%714] Z7¥skl S Wl 276~32.7 glom’ 2 73 =0 Aol 7} 2}
oA & AFE BATHp<0.001). 53] 2ol At Foll = 40%
H7hte] AEE 313 gem’ o2 A ZE Z27] 327 glem’9} f
AAT & At vlEete] AEe Ao}
B ATHp<0.001). °]= 7]& ATtelA @Ar7be
Ar| S-S Az W= 9 il dn2
tiAste] dAnle] Hrlego]l S5 A=rt Skt B
l(Jeong et al 2011)<} AT Lee & Yoon(1995)-2 10
~40%E H7Ee &Qldn| o] Awrt so] e wet S
7ebe e Bof AAvtE AE el dnles W
Hlel =4c] & =of &u7} 7783 A7|H 2o 357t
oel el 2 FFec] W] witel &3t AlgHdo] wEt

¥ o

ML

Blanching mugwort (%)

Con" F
10 20 30 40
L 48.8+0.9° 38.9+0.4° 33.042.6° 33.542.2° 32.5+0.8¢ 88.2™"
a 1.1£0.2° —0.9+0.1° —1.7+0.1° —1.9+0.3¢ —2.2+0.2¢ 252.9™
b 10.1+0.3° 8.1+0.4° 7.740.5° 7.340.6° 53+1.1° 35.5™"

! non added ratio of blanching mugwort, Heunmi-injeolmi.
Values are Mean+S.D., n=3.

2~4 Means with different superscripts in a row are significantly different by the Duncan’s multiple range test =~ p<0.001.
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Table 4. Texture profile analysis parameter of Heunmi-ssuck-injeolmi

HOoFA o} RATHEETE

Blanching mugwort(%)

Day Con" F
10 20 30 40
0 341.4421.2° 276.3+0.9° 130.1£6.6° 73.6+1.5¢ 32.7+1.1° 5302
H(;SE;T 2 14123+221.1°  731.0428.9° 258.0430.2° 157.349.8% 31.3+2.9¢ 94.6™"
t 6.7" 49" 6.5" 6.1 37.04™
0 —1225+6.1° —247.0+453° —141.2+19.6°  —107.3+8.2° —64.24+4.6° 402"
Adh‘z:/:;’ness 2 347346345  —4485:98.6°  —318.54412°  —137.7£17.9°  —95.1%15.8" 20.7"
t —11.3™ —6.6" —5.6" —14.4™ —9.8™
0 0.92:£0.0 0.910.0 0.92+0.0 0.93+0.0 0.92+0.03 2.0
sPri;ii)ness 2 0.15+0.0° 0.28+0.2° 0.86+0.1° 0.93+0.0° 0.94+0.0° 465"
t 3.1 4.0" 48.4™ 181.0"™" 96.0.”""
0 0.6+0.0 0.6+0.0 0.5+0.0 0.5+0.0 0.6+0.1 32
C"he(soi/ov)e”ess 2 0.140.0° 0.2+0.1° 0.4+0.0° 0.5+0.0° 0.5+0.0° 411"
t 33" 3.9" 18.8™ 65.7"" 25.3™
0 213.5+8.6" 152.8+6.3° 71.542.3¢ 38.2+0.6" 18.5+2.0° 817.2"™"
Gumminess 2 171.9+62.9° 119.4+84.8 112.6+5.8° 79.8+£2.3" 16.9+1.7° 44
t 1027 597 9.9™ 6.3 23.17
0 199.7+7.3 137.2+9.4° 66.2+1.7° 34.9+0.5¢ 17.141.3° 592.2""
Chewiness 2 104.8+6.5° 69.245.8% 45.5+58.8" 26.8+14.3° 15.9+1.1° 517
t 9.7° 6.7 3.6° 29" 254™
! non added ratio of blanching mugwort, Heunmi-injeolmi.
Values are MeantS.D., n=5, ~ p<0.05, ™ p<0.01, ™" p<0.001.
2¢ Means with different superscripts in a row are significantly different by the Duncan’s multiple range test * p<0.05, ™ p<0.01,

Hokok

p<0.001.

e @%A, 713, wleke, A gl el vt rt
(Kim ). weby] drjgide] Aew W A2 o)

EFX(springiness)< 273 H7Eo] 0.92%2 UERY 2|
ol7} gl o, 294 4o] Ao wheba 0.28~0.94%77}

o ]E% E 01?4% B oolg}l A% T w3l% o e Al F7Vehe A Btk Bertey AnprbeE Hotet
0101‘%74] ot} oJ7]o wH &S HrlehH A7kl H g o] 7HAgith= Park MJ(2004)9] A<} BlwE ff
Hlggl] Afrart S7FelER 7 Bfgo] S7let] w3t ARG 23S BATh Alx 09A v oA <l ztol7t gl
quﬂ };‘._47} Ae Aoz AlgHch Aot Az 2 F A7 bkl el gdo] £

Z2L4 (Adhesiveness) 2 A2 04 A —122.5 g/sQ] 2T A1 zto]7F AR I(p<0.001), Jeong et al(2011)°] AT}

ol ¥&to] £50] 7}l whal 10~40% —247.0~—64.2 g/s= Fol AT},

>~
>
o o
ox,
o°1'

o] S7kehe AedE FoAo® HAtHp<0.05). 417 $-%(cohesiveness)= 0L A thZe] 0.6%°1A L, & 3
297 thzte] FAAS 3473 gs® fHaslglon, o 7kl whet 0.5~0. 6%§ FEAE UERHA] skt 29 A

2T 0.1%2 st om, 10%914 40%2 2] 7}
ol wa} 02~05% & FolHer Frkete £15 Byt
(p<0.001). B FE|FAHEne] B2 19o] A ge] et
SAA F43] T7kske Ao HuEh 27 S84
Hot fashe e Hlo, & el & 30%5h 40%

>

A7VH(10~40%)0 wha}h 7R —448.5 gfs~ —95. lg/s=
A7brel met B2 o] SR T (p<0.05). °l& T2 &
# AFa T3 P A e FEAA2 2713l Al

o whet 5 o] 7H4sk= Z(Chen er al 1988)3 A
o] Avta Alsdth
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oM 39 Bt ¢llthLee & Cho 2001).

A4 (gumminess)S EAn|Z:oldn] txTto] 21358 H
Aol & HrERS 2l AT 152.8~18.5%2 724
o7 YSkthp<0.001). A7 297 2ol AR "ol
om, 0gdA e} FAFSHAl H7Fol wet A th(p<0.05).
ol HZ o] ALt 7 EHide] ¥ A8, £
sto] 2ol aske Adeta AAXIT Aol S
of An7tEE Bel ¥ou Itk Haet frAkekth
(Park MJ 2004). 27717l whe} w2 wWol ZHo|xE f
olidol ZA fIAAIRE, &n|FHEo] Soi7t ER1dn|oA =
717 0] AAA AABHA Hashe AEelAnt S8
FAAEn] M= 40% H7kro] HAdo] ehitsA| Attt
© Eaeke tha 2pol7t 9ldthLee & Cho 2001).

2314 (chewiness)S T ZTS 199.72 2351, 10%o]l
A 40% A7V whel 137.2~17.182 235 o] 29| dhako)
S S E A AR FRA FEde 7S
%o]u]-_ o]: ] /] /V*o];au]oﬂ/\i}; /V*g] ffLa’to]
= Z71 481 AR Rk, Lee & Yoon
(1995)°] Azte} o3t thEA| YT o= dAn|9 ko]
T27F 7] e gAY L dAnj a7
714 gigo] 2ol 337} w2 "ok vhdd] dvjzde &
st =g, 2398 x=she o we o= e & & Uth
A7 297 = ZxTo] 10482 09A B}y AA A 43t
AL, 10~30% H7kellA 692~1592 f-eFo g ﬂ*;}
ATHP<0.05). ?ﬂﬂ]ﬂ’é}% gshet o] Afrd vl F

q

&

4
§
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TEW w35 AAATE B UATh
4. O|A| Fxof BHE

Anj&eldnle] v ARz 1—8— FAPAAA W ZE(SEM) = ©]
g3lo] ¥l malith(Fig. 1). thxol walA %e) H7iwol
Z7VEEE(10~30%) 7]18°] %ﬂ%ﬁ AR AL, FEol] 255 &
F lu} 53] 30% H7hro] mlA x| A7|7}F ARt 7]
A=, Sdn|e] Ajtet vigu| 2 oAzt
HHHol, 40% &7Fe] vlAl 2 vA PR A7)=
el B R HA e FEE ddAe] Bol WA, 7]
ol AZA Yehes 722 dEE] wigH 2 A3 siA]
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} Eqo] il e W72 (Jeong et al 2011)E.c} wk
9] AFA, HEAE FSateR 7]Fo] 45k Fthe
B39} FAFFATHAND ef al 2002). En)32ka) g7 220] o
o] T wiEA] gobA] ojelgt xR vk Zo
2 AlgHdh 7]ﬁ S FAPAALE N Z(SEM) Hl &R
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Fig. 1. Change in scanning electron microscope(SEM) of Heunmi-ssuck-injeolmi.

First line, x50 K, second line, x1.0 K, third line, x5.0 K).
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5. HsAA AT (a) gk G BsAAL Ao e o] fAkeE ek
ool -u]o] o 3 HS7ALE Table 59| JERAQIT. & BATHp<0.001). ¥ @Al 2= E(hardness) 2 7]
Yu)z=e1-n] o] Me] = o] 1340]1%a, Ayt AR S8R9 Axe &l HUbk] whet aste] F A
45~87402 29| Ayl upg} §o)F ol 2o|7F veh: A7F FAKSIITE e deAL AR dixare] wtat

THp<0.001). ©] A2 Table 39| 717414 AMw =4 2ol A AAA FREs Ax Zdode Aol7t gllen, 2 A

Table 5. Sensory characteristics of hyenmi-ssuck-injeolmi

Blanching mugwort (%)

Day Con." F
10 20 30 40
0 1.3+0.6° 4.5+1.7¢ 6.1+1.4° 7.7+1.0 8.7+0.7° 280.8™"
1 kkk
Green color 1.4+0.6° 4.4+1.6° 6.3£0.9° 7.540.6° 8.840.5° 250.1
intensity
¢ 16.8™ 19.6™ 19.6™ 658" 105.8™
0 1.4+1.0° 4.6x1.8¢ 5.6+1.8° 5.6+1.8° 6.5+1.9* 93.5™"
Mugwort 2 1.541.1° 3.8+1.8¢ 5.0£1.6° 6.242.1° 7.9+1.6° 5827
flavor
¢ 16.8" 16.9™ 16.9™ 244" 346"
0 1.941.8° 3.3+1.8° 3.9+2.4° 5.4+42.1° 6.3+2.1° 26.8"
Bitter 2 2.1£2.0° 2.9+1.6° 4.1£1.7° 4.4+2.0° 6.4+1.6° 6.3
t 7.6 132" 132" 17.77 652"
0 4.1+1.7° 4.9+1.6% 5.2+1.7% 6.0+1.7° 5.242.1% 5.8
Sweetness 2 3.9+1.5 4.1+1.7 4.6+1.6 4.942.0 5.1+£2.2 2.3
¢ 182" 19.8"" 19.8™ 21.4™ 18.0"™"
0 2.6x1.4° 4.8+1.5¢ 6.1x1.2¢ 7.3+1.3° 8.3+1.4° 100.8™
Moisture 2 1.740.8¢ 3.9+1.2° 5.6+1.4° 6.4+1.7° 7.9+1.7° 773"
¢ 13.1° 22.4™ 224 32.6™ 3877
0 6.0+£2.4* 4.441.5° 3.7£1.7° 2.7+1.6° 1.6+1.4¢ 30.7°"
Hardness 2 7.0+2.2° 4.6+1.6° 3.5+1.1° 2.7+41.3¢ 14+1.7¢ 551"
t 18.6™ 21.8" 21.8™ 14.0™° 10.5™
0 2.9+42.1¢ 5.7+1.8° 6.7+1.6° 7.4+1.8% 7.942.1° 45.0""
Adhesiveness 2 1.7+1.5¢ 43+1.7° 6.0+1.5° 7.1+1.3° 8.0+2.0° 62.5™"
¢ 10.1™ 19.3" 19.3™ 32.6™ 292"
0 5.5+1.5 6.3%1.1 6.241.4 6.2+1.7 6.0£2.0 1.9
Taste 2 5.0+1.6° 5.9+1.6" 6.5+1.4° 6.142.0° 5.942.2% 2.5
¢ 26.1°" 325 32,5 252 21.1°
0 5.1£1.5 5.8+1.4 5.7+1.6 5.622.1 49422 1.4
Overall 2 4.541.5° 5.7+1.2% 6.4+1.7° 5.8+1.5% 4,942 0% 5.4
acceptability
¢ 247 322" 322" 23.1°7 16.9™

! non added ratio of blanching mugwort, only Heunmi-injeolmi.

sk

Values are Mean=S.D., n=3, * p<0.05, ™ p<0.01, ™" p<0.001.
2 Means with different superscripts in a row are significantly different by the Duncan’s multiple range test =~ p<0.001.
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Fol frelA7} 2 ek, 20~30% HokEel 4 9S

A 3HA UERSETE

HA0] s Jeie oA iz 0d A 133
o131, 10~40% H7FolA 45~8.78 22 AR Fo)3t
£ B3tk #5AAIA 4o 25AS 24 Pt A
&2 A= 1451 Wk, & H7REolA 4.4~8.8% S
2 30%%} 40% FH7Eel M Aol Aol 7} QI EH(p<0.001).

Z:90] 7] FENME 2wl 147, & A7kt ol
uhE FeHAlA 4.6~6.55 02 e 290] AU=
%o 7= AA AeHA ESkth 40% H7bolAM = 7.9
Ao g odle Az Bdunt 9] |7t ot Frtshe 7
S B Th(p<0.001).

ke 2T E .98 02 A2 BEEA] 3k, 30%
H7hrdA] 5.4 082 B o]Fe] &5k »70m, 40%
7htoll A= 634 22 ool Al YR THp<0.001).
Zute 29 AR Foll= FARE AgS Btk At &9
F023 JE-LS 1-hexanal(43.7%), B-myrcen(15.99%), =5
BK(citrus-like fruity)<! limonene(7.76%), 2-hexanal(6.44%) &
olt}. o] F AAE Ak} Al A= Y HECR EX
SR WK Lee e al 2007)0 U AF5Aksko]| 2] 3} lipoxygenase
of 23] A (Fu et al 2009)% = AtdlF ety Bk
(Park et al 2009). ©]H JE-Eo°] Tl &5k 3
TFAE A2 Alsdrh

ke diz2wel dnjgAdn]dA 41802 71 B
Hebgth vEdel, 20% & H7kro] 523082 HEgow 1}
ERta, 30% 7o) 6,082 /1 =74 JERETh 40%
HA7REE 527 02 tha sk A% 294 &o] Aot
gFol] w2 Aoz B2 A gsirt 2t kS A7t d
ashe Aoz e, ol 8 &%, &
o] 7taslHA] wute ol A o]thp<0.001). H&o]
S}=™ g-amylase®l] 2|3l dextrin T2 B3l = a1, B3lE
21 B-amylase®l] 2]3l maltose T2 E3sle] ©oto] &
7}3FcH(Shen & Sterling 1981; Kum et al 1994). 121y} A7

Z

fu
i
o)
S,

B fole E

7] W2 AR
FEE gx2To] 26802 7P WA YR, %o &
22 10% A7brllA] BBz Jephtkon 40% H7bre
B2 445 83708 i o] mif- =3kthp<0.001). 2%
Fol| = 7 kel Aol AR AEE o] T, 20%,
30% M7kl & Aol gl 53] tlxwel dnleld
nje] A= AlZte] Al whe} w3yt A Gt Fhero]
SHbsle] A2 FUETE o] U YERgTh

Are o] 60822 7P B e, 30% 3
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o

7R 274, 40% A7 1.6 o2 #A3] 7hAast
o, o] H7hak] RS THp<0.01). A7 29 A A=
ALSt AERE BHlon, &o] Hrtere] F/drE A7
o] AUE AErt 7HAskA| @t AL E Tt e
o] w35 AdA7E 9= 3 Ao Helrh

Fage g zio] 29808 YEton, 10%d4 BE
AEE e, 20~40% H7lroll A F2Ado] 24| el
WH6.7~7.9%). 53], A7 294 30%(7.17), 40%(8.05)<]
A7brollA frel2b7t 71 AA YRS THp<0.001).
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A FEEAA 20%6.45) % 7HE =& AE e
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