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Abstract

This study was performed to investigate the effect of Gastrodia elata powder on the quality characteristics of Jochung with
barley malt. Grain syrups with 0, 2.5, 5, 7.5, and 10% Gastrodia elata powder were produced. The pH value decreased with
higher volume of Gastrodia elata powder and showed a significant difference between the samples (p<0.05). Total
polyphenol content was 77.45~129.25 mg/100 g, and DPPH radical scavenging ability was 36.70~57.09 umol. Sensory
score of Jochung containing 2.5% Gastrodia elata powder was similar to that of control. Jochung containing less than 7.5%
Gastrodia elata powder gave the highest scores in terms of quality characteristics and sensory evaluation. The data from

different procedures were compared and analyzed by multivariate techniques (correlation matrix, principal component
analysis). Correlations between antioxidant activity and the analyzed parameters were found to be statistically significant

(p<0.05).
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<Table 1> Composition ratio of Jochung with Gastrodia elata
powder
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<Table 2> Chemical contents of Jochung made from various levels of Gastrodia elata power and each rice species

Sl Moisture Solids pH Free acidity Reducing sugar Proteins Amino acids

(%) (%) (meq/kg) (g Maltose/L)  (mg BSA/100g) (mg LE/100g)
NGR1Y 28.61£2.71%%  71.39+2.71° 5.73+0.01° 21.33+1.04¢ 1.13+0.02° 23.13+2.42¢ 44.91+0.41¢
NGR2 21.70+1.23 78.30£1.23° 5.58+0.01° 24.87+1.03° 1.15+0.02% 25.08+2.48% 4791£1.59°
NGR3 26.67+0.53° 73.33+0.53° 5.49+0.04° 27.80+0.72° 1.19+0.06™ 29.08+1.37° 52.98+0.67°
NGR4 28.2442 42° 71.76+2.42° 5.40:£0.06" 29.33+1.15° 1.23£0.05% 28.20+0.62% 55.71£0.36"
NGRS 29.51+1.33° 70.49+1.33° 5.36£0.05¢ 31.67+0.58° 1.26+0.07° 31.5742.54* 52.57+0.38°
GRI 19.67+0.98" 80.33+0.98" 5.56+0.02° 25.60+0.96¢ 1.27+0.05¢ 34.51+1.62¢ 49.88+1.21°
GR2 12.69+1.359 87.31+1.35° 5.50+0.09° 29.37+1.39° 1.26+0.04° 40.46£2.27° 53.71+1.41°
GR3 18.43+0.92° 81.57+0.92° 5.45+0.08"%  3327+0.81° 1.35£0.06 46.95+1.08° 56.42+1.60%
GR4 20.4240.75% 79.58+0.75¢ 5.35+0.09% 35.57+0.75° 1.41£0.06° 51.31£2.32% 57.361.01°
GR5 22.03+0.31° 77.97+0.31¢ 5.3240.09° 37.07+1.45° 1.69+0.04 46.33+2.30° 55.99+2 .68

DNGR 1~5=Nonglutinous rice with G elata 0~10%; GR1~5=Glutinous rice with G elata 0~10%.
DEach value in mean+SD. All analyses were done in triplicate.
9Means in the column with different superscripts are significantly different by Duncan’s multiple range test at p<0.05
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<Table 3> Carbohydrates composition of Jochung containing various levels of Gastrodia elata power

Sample Maltotriose (g/100 g) Maltose (g/100 g) Glucose (g/100 g) Total (g/100 g)
NGRI1 1.25£0.06" (7.7% 13.70+0.09° (84.9) 1.19+0.09°* (7.4) 16.13 (100)
NGR2 1.05+0.02¢ (5.8) 15.88+0.06° (88.0) 1.12+0.04° (6.2) 18.05 (100)
NGR3 1.38+0.01% (7.2) 16.57+0.08° (86.4) 1.22+0.09°* (6.4) 19.18 (100)
NGR4 1.30£0.07° (6.7) 16.77+0.05° (87.4) 1.13+0.06° (5.9) 19.19 (100)
NGR35 1.39+0.02° (6.9) 17.38+0.05° (87.0) 1.20+0.01° (6.0) 19.97 (100)
GR1 2.1140.04° (9.0) 20.05+0.06% (85.1) 1.39+£0.04 (5.9) 23.55 (100)
GR2 2.15+0.04° (9.2) 19.72+0.03¢ (84.0) 1.62+0.05> (6.9) 23.48 (100)
GR3 2.28+0.07 (9.3) 20.5140.05° (84.2) 1.58+0.09¢ (6.5) 24.37 (100)
GR4 2.41£0.06" (9.5) 21.24+0.08° (83.6) 1.76+0.09° (6.9) 25.40 (100)
GR5 2.47+0.02° (9.2) 22.65+0.06" (84.3) 1.74£0.07°° (6.5) 26.87 (100)

DEach value in mean+SD. All analyses were done in triplicate.
DUnit:%

9Means in the column with different superscripts are significantly different by Duncan’s multiple range test at p<0.05



o2 FoEr ke UNkEoE 2%} 3
orge] WEE o 47 dojvk= ZloE deiA Slth(Ha
et al. 2004). =3+ Bertoncelj et al.(2007)2] 2| dHAksl &
A3k A 7 Aol 2)E1H net absorbance #e] S7FshA
a*, b* Z= 7o) Z7FePH, Lk Hadshe 23S Ko,
Fe A 73S Hold Hiro] FEet W AEE Ho|i,
o} &35} =& AAAIE HIT 2] Ao} Alw
S <Table 6>0l|A] B sz o] M= Abe
FAAA1(0.972=r, p<0.01)S Hom, oz
(0.978=r, p<0.0)E YEREI, 3itksl G4 APFEe
8228 (.883=r=0.981 (p<0.05, p<0.01), 72z
922=r=0.976 (p<0.05, p<0.01)2] “FHAAIS YeRHAL.
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o od oX o 1o
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St &4
L] O = s DA el el i i i Sl i o
< 9Jall TPC, ABTS, DPPH, FRAP 23S a1y, 7 2
IR= <Table 4>} At} & dlEdd g8z 38 239
S ZH2 60.45 mg/100 g2F 69.12 mg/100 g& 2 febsk
©om, Lee et al.(2012)¢} Shin(2011)°] B3 & =& e
o] Ao} FAHA yskth. gt Huprkee] ko] St
SrE WBZHS 7745~12925mg/100 g, FAZH S
96.25~147.39 mg/100 g0 & F}2-5 ARE-gF HnpxA o] s
hFo] A E40] FJAe™, Moon et al.(2011)°] Hrls
A o] o] =55 A F HE Tl UK 4
o} o] Mmp o] Hrtol whet zh tzF-ef Bl aste]
v ol o] HlETEE HATh

ABTS 239 A3} fas} 38 3o tzats
194.44, 227.18 vmol°] oW, Arl7 e 10% 3k A3
¢] NGR5 & GR5S 727.74, 802.19 pmol& - 3w
3ol A Byl 233 arisied Aol A
£ 4% A3 <Tableo> 2t} W@z o] 4 F A=
T ABTS 32 =2 34-374(0.944=r, p<0.01)E HS1
o, DPPHS} FRAPS| #= B2 X5 Bt} T3

0

(0]
Q'E
rz

P
fL

= o N
X oM N

A2 739 0916=r (p<0.05)C.E U] =2 AAAAES
Bk W} 28 2o i+ DPPHR] 73§ 7zt
31.75 umol®} 36.83 pmol, FRAP 2t ZHz} 48.32 pmol2t
57.51 umol®] 37} Uttt Anpr g 7k a3 <l
DPPHZS] W 9= 36.70~57.09 umol, FRAPZS] =
53.57~88.53 pmolo] Uskar, 3372 DPPHg O] 41.10~
60.33 pmol, FRAPZHS 62.24~91.97 umol= ¥4 = 1o},
<Table6>cl| A HWAZH ] F d=TFS 0.987=r=0.992
(p<0.01), FE=A] ¢ T A=TF 0.948=r=0.955
(p<0.01)9] =2 JAAA & Btk vtz =ZE &
ksl 4 A MR =2 JHBAE 1Yo, vl 7t
Fo] Hrlego] Zold4E kst &4 J= vlEldeE =
obgom, 3ol tsl 258 FA] A ABTS 2
Oz oA &4¢] Aol 7P A e Ao= Azber.

ZEvE SIRtES 2B WaEE SIEAR 98 =
o e A 2AE 7t Qi BERE o] T it
a7} o] =312 A3} 3 DNA B, |24 o
N2 9 g4 WS ot 28, A A3 oY 5 o A
Z4& zF Ati(Augustin et al. 2005; Kanti & Syed
2009). =3¢ AE<Q] 2 FiE HA=sgE F ferulic
acid, caffeic acid, p-coumaric acid®} 72 =2k 2y
a3} ¥ MEEox B 4 o thgRe} o 2~F At
st} EAgth 23S 71 Alske 340l thdRet 4
3l U HsA Edol FEE FHE 7HEslEe] 239
Z Evls k] ol JFe UL AzkEt(Jitlada
et al. 2010; Melissa et al. 2013). T3+ Hnpr1fo] 225
A & B84 Eeuls sijteol LA SEER Y
g=o] f2 ZvE FEE FeEHAS AoE Alsd
TH(Lee et al. 1999).

)

7. BHSZAL
VRS Arhsiel Wash A 242 AZe A A,
F, WYY, AIE, ANEA NEEE WA Ase

<Table 4> Total phenolics and Trolox equivalent antioxidant capacity obtained for the antioxidant activity of the G. elata Jochung samples

Sl TPC ABTS DPPH FRAP Color Intensity
(mg GAE/100 g) (umol TE/100 g) (umol TE/100 g) (umol TE/100 g) ABS45p (mAU)
NGRI 60.45+1.01" 194.44+1.58° 31.75+0.63° 48.32+0.29° 221.33+4.73¢
NGR2 77.45+1.01¢ 270.21+6.32¢ 36.70+0.66° 53.57+0.60¢ 236.33+6.43°
NGR3 99.65+1.22° 319.10£4.57° 42.97+0.97¢ 68.51+£0.91° 298.33+3.21°
NGR4 114.39+1.68° 595.52+11.71° 48.36+0.64° 80.42+1.45" 305.33+3.21°
NGRS5 129.25+0.90° 727.74+13 33 57.09+0.79" 88.53+1.50° 331.33+7.02°
GR1 69.1241.40° 227.1843.36° 36.83+0.89° 57.51+0.43° 309.00+£7.94°
GR2 96.25+1.42¢ 290.96+3.15¢ 41.100.66 62.24+0.54¢ 367.00+£6.24
GR3 114.25+0.81¢ 325.84+3.15° 44.77+0.12¢ 69.7120.58° 390.33+5.77°
GR4 133.59+0.81° 695.52+5.09° 50.05£0.31° 89.03+0.63° 454.67+7.51°
GR5 147.39+0.76" 802.19+10.18 60.33+0.52° 91.97+0.95° 476.67+6.11

DEach value in mean+SD. All analyses were done in triplicate.

DMeans in the column with different superscripts are significantly different by Duncan’s multiple range test at p<0.05
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<Table 5> Sensory characteristics of Jochung contatining varous levels of Gastrodia elata powder

Sample Color Flavor Chewiness Sweetness Overall acceptability
NGRI 2.90+1.60"23) 2.60£1.07° 2.60+0.70° 3.50+1.08° 3.10+1.10°
NGR2 2.80+1.62° 2.60+£0.97° 2.90:£0.74% 3.40£0.97° 3.10+0.74*
NGR3 3.70+1.34° 3.50+1.43* 3.50£0.71% 4.10£1.10° 3.90+1.52°
NGR4 3.10+1.52° 3.70+0.95 3.80:£1.03° 430+1.34° 4.20+1.40°
NGRS5 3.20+1.48° 3.70:1.42° 3.30+1.42% 4.20+0.79° 4.00+1.49°
GR1 4.40+1.78 4.00£1.05* 420+0.63° 4.80+1.14% 440+1.17%
GR2 470£1.16° 3.60+1.35° 420+0.63° 4.00£0.67° 3.90:£0.99°
GR3 5.00+1.15° 4.50+£1.27° 5.10£0.74° 4.80:£1.03® 5.10+1.10°
GR4 5.10£1.10° 4.70£1.06° 5.30£0.95% 5.60+£0.70° 5.50+0.71°
GR5 5.00+1.15° 420£1.75° 4,501 .27 5.00+1.15° 4.60+1.65%

DEach value in mean+SD. All analyses were done in triplicate.

DMeans in the column with different superscripts are significantly different by Duncan’s multiple range test at p<0.05

91=dislike very much, 7=like very much

<Table 5>} 7t} Ao 22 ek wdz3o] AL gz
T 29001 A Hep ke Ao wet 2.80~3.202 %
oAl Apol= Islon, A o] tRtS 440, vt
7HE 7Rl wel A7t 4.70~5.1002 715 =7F =4 U
et Hule] o] Ux] @ tixael wdat 38 23
o] 79 2.60, 40002 YEPLOH, Huprpge] o] Frhet
5=, 8z YHrhs R xA ] o) xR =4
ERgon fo)FQl zol= fISlth W Ag HAvpkE
£ A7KErE WAz S 2.90~3.80, 3] A4
4.20~5.300.2 Z7Fsl=tl ol 2P Eo] HolxHA] 434
o] F7Bh= o7 WA s WAz ol
3.50, 32 tizto] 4.8091 WHA HAuprRE o] Z7t &
FE R Hap ke A4S 7|see vt
T2 AUl \8zAH ] A 3.10~4.20, IEEH O S
3.90~5.500= UERoH, Arpr s 7.5% H7kek WA, 3t
Az 715w HA47E 24 velgth 1A 7S A
7¥ste] Alzgt 23] 79 MAYge] FUHETS Vswrt
7astal vk 227k 7|1gix)7F WojRtaL sl o, &
AT AFelM= AP RE A7EESE o33l Alel=
o F7Re AEE B 710 QAL e 2
ol Ak g Q1A= Zpol 7t gl7] wiEel A

= 47hEe] A,

o kI 22

8. CHHZEEA

A g W8z 38l Hrtste] T io s Axst =
Aol dut & 9 gAikst g4-8 Principal Component
Analysis (PCA)E ©]-8314 biplote2 YER ATl <Figure
1>9] 435 HH A HA FAE "FPC)e] FAAEY
°] 69.9%°]2, T WA FAE |MFPC2)2 FHAEE S
23.2%= PC13 PC29] +4 7190&2 93.1%7F €t

PC1 ] Wkl fA1s MAZes 98 Aviz2d +
NGR4, NGR5¢} 32 Hwpx% GRS7F 1R 34 A

nkE% GR 3, GR4E= 2AHEH) sl gloh. 4% F
Sl(loading value)E A HH PClol|A] Al7E & M4+ 1
AHEH 913} antioxidant analyses (TPC, ABTS, DPPH,
FRAP)$} 2AHEH ] free acidity, sugar, protein, total
amino acids, color <7} EE3I3I T} <Table 5>9] 57
A A3 71550 E9E 2o RE WA HnfA o] A
NGR49} NGRS ©]glom, 38 Hrped e dAzos 2
Avizgdrn 75e "HolM =tk 71awrt =344
GR3~5 3 AntzHE2 PCl1o| o W3k Ex31%e
w, aksl S AR Ad ks =3 vkl F
715%=7F 7F A U GR337 GR4= 2AHEHel| Ex3)
3 eH, total protein total amino acid®] variables
factor® 2-8-¢tct. GR37 GR49] & WA LS 717} 46.95
mg/100 g} 51.31 mg/100 g0l o™, T opv|=Ait 3k 742}
56.42 mg/100 g7+ 57.36 mg/100 g & 2 HAvlxd Z 7}
= A2 BATh @A opn ik S| ER T
Lalab, 2l oA opmieake whE gl 2 5o
AollA Bta Afsk= eQleg ks, dhld g ZAgtst
B2 AR EAlske 2 obriate] A st A
ATk wEbA] T} o] ieAke] RS 2] BhE o
st=d F2 2<lo] & 4 AtK(Yoshinori et al. 2010).
2%°] AHEE Hole PC2IM A7 2 WFe 1
F(Moisture)°|, 2 M= 3182 (Solids)o] FE 3kl
Fol Wlle R Al drkey fdo] B
, o] Wl = AR Az 2 FYoo] s}
o wl &l H&l =& amylopectin $FE-S 7L 9o
A5k 2704 FA o W& RG] w3, A7EE ©
St JlgollA] amylaseol| 2]gh o] AEA-S #3)5t
4 Fol gol §EH . wEbA 3 Huh 239 B
o]l Az F xe FPolA W& Hrp 2R o
Brrt wol FEFF Aolg &2 Ao Ady

(Jeon et al. 1998). F/3% Fh(score)} T+ F3}(loading)
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PC2 (23.2%)
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-5

0
PC1 (69.9%)

<Figure 1> PCA biplot of score sample (various Jochungs of
different G. elata contents in red; NGR1 to NGR5, in
blue; GR1 to GR5) and loading plot (the analyzed
parameters.).

9] A3h= <Table 6>9] FFHEA A7H0.452==0.967, p<0.03,
p<0.01)2} fFASH A3E HLATh

V. 8¢k gl A=

Av}s o] g3dle] IRIPINE ZHe AFoBA Y NS
Qlate] B2EQ 2ol v tRE Yol Axgh Wi
2 2] B 2 feld, F T, oAk, A
, % HEE%, ABTS, DPPH &tz &4 €/4%, FRAP
s, dsAke Ak FAEAAS HESII A
7 EE H71EE WAz NGR2~53 823 GR2-5E
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I 3R Anpzd iz pH7F 7P =4 vebgen, A
nt 7S A7VESE g3 vlaste] pH 0.2~0.38 =7}
adle 2342 Btk AEA AkeE uke AFse @
22 Agshed, ArptEE FAoret 98 23] 4%
24.87~31.67 meg/kgS 2 A w7t F7VelQal, MuprtEE
10% 7k ] 29 37.07 megkgl &2 7P =2
g Bk gy Aol Fdge A 3
frige] /1SS froldoR Frksslon, fElds w4
3t A} Anpy e Hrke W3 38 23 o)A maltose,
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HEAbE A F7bEE A BT 23] Mes
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