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Quality Characteristics of Gastrodia elata Extract Glutinous Rice Porridge Jochung
and Principal Component Analysis of Antioxidant Activity
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ABSTRACT

This study was performed to investigate the effects of Gastrodia elata extract on the quality characteristics of glutinous
rice porridge Jochung saccharide by barley malt. Glutinous rice porridge Jochung contatining 0%, 5%, 10%, 15%, 20% of
Gastrodia elata extract were produced. Soluble solid contents and pH increased as content of Gastrodia elata extract increased.
Free acidity contents were 24.87 meq/kg (control) and 25.67~42.03 meq/kg (GR2~GRS) (p<0.001 among samples). There
was significant total phenolics and TEAC obtained for antioxidant activity of Gastrodia elata extract Jochung samples. Increased
the ratio of Gastrodia elata extract in Jochung tended to decrease the color value. Results show Jochung containg less than
15% Gastrodia elata extract resulted in the highest scores for quality characteristics and sensory evaluation. Correlations
between antioxidant activity and parameters were found to be statistically significant.
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Table 1. Composition ratio of Jochung with Gastrodia
elata extract

Ingredients

Sample Rice Barely G. elata Water

(2 (& powder (g) (mL)
GR1V 400 60 0 3,000
GR2? 400 60 20 3,000
GR3? 400 60 40 3,000
GR4? 400 60 60 3,000
GRS 400 60 80 3,000

Y Control Jochung added 0% G. elata powder (g) about the
glutinous rice.

D Jochung added 5% G. elata powder (g) about the glutinous
rice.

) Jochung added 10% G. elata powder (g) about the glutinous
rice.

Y Jochung added 15% G. elata powder (g) about the glutinous
rice.

% Jochung added 20% G. elata powder (g) about the glutinous
rice.

| Water3.000mL
Add Gastodia elata powder
0, 5,10, 15, 20%)

Boiling with stirting
to 2,000 mL

!
v

— | Add glutinous rice powder ‘

Boiling with stirring
10 min (low fire)

i —— | Add barely 60 g ‘

| Saccharification (60 C/6 hr) ‘

!
v

| Filtration ‘

Boiling with stirring
2hr (low fire)

!
v

| G. elata Jochung

Fig. 1. Procedures for Jochung added with Gastrodia elata.
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Table 2. The physicochemical and chemical characteristics of Jochung containing various levels of Gastrodia elata extract

Sample Moisture Solids pH Free acidity Reducing sugar Proteins Amino acids

%) (%) (meq/kg) (g maltose/L)  (mg BSA/100g) (mg LE/100g)

GR1"V 26330587  73.67+0.58" 5.05+0.05° 24.87+1.63° 1.15£0.04° 125.08+3.63 40.25+2.87°
GR2  26.40+236° 73.60+2.36" 5.370.10° 25.67+0.58° 1.25+0.04" 126.33+4.70° 47.66+1.97°
GR3  2548+257% 74.5242.57% 5.350.06° 30.131.60° 1.23+0.04° 130.33+1.11® 51.88+0.92°
GR4 24.85+1.19% 75.15+1.19® 5.22+0.02° 39.20+2.84° 1.30+0.06° 135.57+4.17° 66.17+2.82°
GRS 22.81+1.09° 77.19+1.09 5.16+0.03° 42.03+1.40° 1.22+0.03% 105.71+3.87° 53.53+0.47°
F-value 2.133 2.133 16.863" 59.338™" 4.801" 27.979™ 64.029™

Y GR1~5 = Glutinous rice with G. elata 0~20%.

? Each value in meantS.D. All analyses were done in triplicate.

3 Means in the column with different superscripts are significantly different by Duncan's multiple range test at p<0.05.

4 Significance as determined by ANOVA test according to levels of G. elata (" p<0.05,

ok

p<0.001).
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FHES FEIT SR DA A Bl N
Ee T IS B GR49 F Freld S 3147 @100 ¢
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Concentration (g/100g)
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G. elata Jochung samples

Fig. 2. Free sugar composition of Jochung containing va-
rious levels of Gastrodia elata extract.

24 Values are meantS.D., Different letters within the same row
indicate significant difference according to Duncan,s multiple
range test (p<0.05). The values with ‘a’, ‘b’, ‘c’, ‘d’, letters
are not significantly different according to Duncan’s multiple
range test (p>0.05).
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Table 3. Total phenolic contents and antioxidant capacities in Gastrodia elata

ABTS radical cation scavenging

DPPH radicals scavenging

TPC 2) S FRAP
(GAE mg/100g dw) EC50 TEAC EC50 TEAC (umol TE/100g dw)
(mg/mL) (umol/100g dw) (mg/mL) (umol/100g dw)
162.59+2.20" 140.23+3.08 85.14+1.89 1,286.95+52.13 61.5242.53 114.630.79

D Each value in mean+S.D. All analyses were done in triplicate.

2 EC50 = D—[(A—50% max response) - (D—C)] / (A—B)

A is the immediately higher response of 50% max response; B is the immediately lower response of 50% max response; D = log

concentration corresponding to A response; C =
3 Trolox equivalent antioxidant capacity.

7 g9 FF= gho g A8 2, Table 49} 2tk Ul
T2 GR1°] 179 mAU®| 1, AvlEEEe] s=rt S71Es
5 304~620 mAU®| 25 Bt 23] Mee Az
% % A3l= Maillard reaction®]] ©]gF ZHNES-3} Hulo]
Aol €1Ql Ao R AetEn], ANt dnkAo R 2

?—Er%%l & 6 A Yol Ao

o] it} %‘é*}' 2 ";‘7]' oi?oﬂ ©]3}H net absorbance
S b

gl 271 o', b’ G o] Z7jelm, L'gke trashe
A3 woln, vhe A AL wow Fie] FE Re

AEE Hola, ksl A7 =& JAAAIE 7HKITE Table
6] FHEA Ay, A uyg Py Alre) =2 T
(0.899<r, 0.947<r, p<0.05, p<0.01)Z Xo|H, 313} A
AHAET} 0.966<r<0.995(p<0.01)2] "¢ & FBAAZS
HeERAATH

5
249 guat Y Z40) A AehRel GAsh B4
= [°]

S 8193, 1 ZT= Table 37 2t} nke] 3 w53+

=

log concentration corresponding to B response.

2 162.59 mg/100 go =2 A=A Th Park MR et al(2012)<]
Aol M2 v g et} A Hnte] & s e 7t
7} 108.65, 389.99 mg/mLE B35t B o] AatE
o Hule] HE o] = AL FAET = gllon, ol A
ul 3% W e] polof 7]1gth ABTS gl A5 Ad
oA Hmfke] ECs#kS 140.23 mg/mL, TEAC ZHS 85.14 umol/
100 golew, DPPH HtZ 4759 ECsik< 1,286.95
mg/mL, TEAC #< 61.52 umol/100 g& = vigith 2 23
oA ABTS 24 gko] DPPH 24 3k} vl wsdle] w2 ECs
#HOoZ =& TEAC 7t HEATh Park MR et al (2012)9] 4
T B3] e DPPH &tz &A% adte s 39
Eof| o]t ks 2hgoln, o] B2 o] gl o] F45 DPPH
gtz &7 g4jo] Au, DPPHE AH-gHZS ABTSE
Fol& HyZe oASh= HollA A= Aok v, T 7]H
I wheETe] 2P0 debA] gz AA YA =
zto] 7} 9l o™ (Lee HI et al 2011), v} FZEH 2] ABTS &
4& 35T DPPH €4 2371 2/ Usktke 23el= b2
Al EAE A=, & AR AREgE dnke] GeFEY
o] DPPH &t]Z &7 %ol A3E HolE fuA 3gES

Table 4. Total phenolics and antioxidant activities in Jochung containing various levels of Gastrodia elata extract

Sample TPC ABTS DPPH FRAP Color Intensity
(mg GAE/100g) (umol TE/100g) (umol TE/100g) (umol TE/100g) ABS450(mAU)
GR1 62.85+1.142 195.2543.34° 30.71+0.36° 46.51+0.71° 179.00+5.00°
GR2 123.79+0.76" 322.59+4.92¢ 39.49+1.28¢ 60.90+0.38° 304.67+6.51¢
GR3 153.121.25° 822.19+8.39° 58.99+0.92° 103.19+1.35° 407.00+3.61°
GR4 194.52+0.87° 981.81+12.39° 72.77+0.77° 138.92+1.17° 542.00+6.24°
GR5 223.05+0.81° 1,079.59+11.24° 81.38+0.45° 146.36+0.67° 620.67+4.73
F-value 1,208.6" 6,164.5™" 2,031.9™ 7,073.3"" 33424

" Each value in meantS.D. All analyses were done in triplicate.

? Means in the column with different superscripts are significantly different by Duncan's multiple range test at p<0.03.

% Significance as determined by ANOVA test according to levels of G. elata (~

" p<0.001).
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aln] AgelA 9hghe Aew AZHAT. FRAP

= 2
132 114.63 umol/100 g© & FRAP &4 zto] 7M3 =
<k L]

=

£

o
£, ©]& Heo IC ef al(2006)2] A7 ZAx}ol] wp=
nEEEC] kst & AP F FRAP 24 gho] &
SHEY A Ykoke 23t Akl

AvtaEd A= 240 kst &4 #45 fl@l TPC,
ABTS, DPPH, FRAP &< 311, 2 A 3= Table 49} 2
th % ¥ 53ES Y EHGR)S 62.85 mg/100 go] Wgko
1, Lee JE ef al(2012)} Shin SI2011)°] H13+ 520|232}
U2 Az 23} A7 23] F s g 29
oF FAHl Uit B3 dAviEEEe] Fxe wet F o
T S 123.79~223.05 mg/100 gC 2 Z7}5+91 3L, Moon
IN et al(2011)°] HrlgFdo] o] 255 Ao F
A ko]l Sk 2} fAleHl HntEEE9] 57t
71l wheh vl ze) vl wate] 2~3.50) o)de] HEg
= ESith ABTS A&e] A% tlZ27+= 195.25 pmol/100 go]
Ao, 10~20% HrpFEA oz Az A= ZH(GR3
~GR5)<- 822.19~1,079.59 umol/100 g©- &2 4~5u) o]ike] 2
=2 Bt 38 = 239 T DPPHEES 30.71 pmol/
100 g, FRAPZES 46.51 pmol/100 g A3/} Ught}. s
AvpFEEdoz Az & = 2H(GR2~GRS5)2] DPPHEL
o] M E 39.49~81.38 pmol/100 g, FRAPZS] " 91E 60.90
~146.36 pmol/100 g2 2 FA o] ABTS &4 FHET}F v
He Bk AvaEds e S 230 BE it
sl 2 Age =2 A £40.952<r<0.996, p<0.05,
p<0.01)S Blom, HAnFZde] wxrt S71eSE it
st &4 e vlE Ao R Eolxlon, 230 kst s
23817 9lElAl ABTS 2tz &7 &de] Aol 7 4
et Aoz A7t

zZA 9] 952 o Tq7H HE3E 3 ferulic acid, ca-
ffeic acid, p-coumaric acid®} Z-2 &4 Yoz} @
A ZH oA & F lom, tdFol o 2E Ajtste] EAls)

HOoFA o} RATHEETE

=Hl(Jitlada Vichapong et al 2010; Melissa Walter et al 2013),
23 719 ek T TR Aga Ud s
o] 27 JdH = 7HEsEo] 230 ¥ e &

%,
9?.:
iy
=
[
2
3
r (¢}
N
}op
tr/{ !
|
o,
N
N
e
iih)
&
s
=
=5
o
(9]

H O
o} 2}, HvpFEdo g 2|23 3HaE 2] Me GRIS
350010 21} GR2~5% 3.80~4.302 & VrEbstth 2 nle] 3k
o] UA] &= GR19] A 37002 VEbEOH, GR4~5 =
o] o] xRt =A e om, folH<l Aol= ¢l
At Ao A, AnfgEdo] FEe ute} 4.10~4.602
2 7RI E, ole adie] WolHA Hidol Srtst
£ Ao By 7 EE WETF7HGR]) 4.000] 02
AvtFEde] w27t S71Es5 AvEx dat Skt
AAAR] 7135 % 15% AvFEd oz Alzxe = 23
°] 51002 71 2 7|a% M55 Btk Kang CS(2007)
& ~ZA] A el BEe] H7F 55201 1.5% F =0t 5
W ¢Jof] $&ubo] &SI} W2 HEEE YERHI 2™, Moon
IN et al(2011)& Hn} o @ A zg Aalo] 10% o4
Al 5 Hrkto] 7 F2 A4 Aoy, tvE =
A7 fFejakg HolA] gokthe Hae & Ady 2
g Btk Tl FEAS Hrlete] Az 23
T HAFZA O] o] FIHEGTF Vst Hasta,
717} ol Tk 3] v (Park JS & Na
HS 2005), & A7 Zox= HAvFEd9 s=rt S71e
FE el Alole glovt S7kehe Ade HAlth 7]1E
AA Bt Y= 2] A B e 5 QX Sk=d A}

Table 5. Sensory characteristics of Jochung contatining varous levels of Gastrodia elata extract

Sample Color Flavor Chewiness Sweetness Overall acceptability
GR1 3.50+1.35"% 3.70+1.06" 4.00+1.15° 4.00+0.82° 4.30+1.57°
GR2 3.80+1.40° 3.30+0.95° 4.50+1.08° 4.70£1.16™ 4.60+1.26°
GR3 4.30+1.06" 3.50+0.71° 4.10+0.74° 4.10£0.99° 4.40+1.17°
GR4 4.30+1.34° 4.30+1.77° 4.60+£0.97" 5.20+0.63" 5.10+1.37*

GRS 4.30+£1.34° 4.30+1.34° 4.50+0.97° 4.70+1.06™ 4.60+1.26°

F-value 0.813 1.426 0.742 2.687 0.533

Y Each value in mean£S.D. All analyses were done in triplicate.

? Means with the same letter in a column are not significantly different by Duncan's multiple range test at p<0.05.
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Table 6. Correlation matrix among the analyzed parameters

Mois- Solids pH Free Sugar  Proteins mno M'altc» Maltose Glucose TPC  ABTS DPPH FRAP Color
ture acidity acids  triose

Mois-
018 1.000

Solids —1.000"  1.000
pH 0215 —0215 1.000

Free

=0925" 09257 —0.143  1.000
acidity

Sugar —0.210 0210 0593 0497 1.000

Eo- 0.684 —0.684 0340 —0.381 0.387 1.000
teins
. © —0.487 0.487 0.245 0769 0888 0262 1.000
acids
l\tfits: —0.467 0467 —0314 0722 0575 0.066 0.771  1.000

Maltose —0.839 0.839 0097 0965 0697 —0242 0872 0717 1.000

Glu-
cose

—0973"  0973" —0206 0985" 0356 —0.507 0656 0619 0918 1.000

TPC —0870  0.870 0205 0935 0651 —0340 0794 0556 0977 0911° 1.000

ABTS —0.854 085 0109 0931° 0564 —0237 0802 0522 0939 0920° 0952° 1.000

DPPH —0904" 0904 0057 0970" 0560 —0328 0792 0583 09707 0958 0977 098" 1.000

FRAP —0876 0876 0038 09727 0590 —0258 0.833 0.635 0975 0950 0965~ 0988~ 099" 1.000

Color —0.899”  0.899°  0.110 0965~ 0609 —0353 0796 0599 0984 0946° 0995 0966~ 0.991" 0983 1.000

¥ P<0.05, ™ P<0.01.

o|7} 7] W&l Ao ® AYztE ozt GR4%} GRS 270] ajddtt. #sAAl 24, 71a%r) =5k
d 15% Av}FEE IS ZH(GRA)©] AAE 24

7. CHHZEEA £ TPC, maltose, color, free acidity, protein, amino acids ™
T AnEEdo g IS el Az 23] o F7F EEZATE GRA= FAtst 2439 AR 23 gi=
A5 9 gabksl 248 principal component analysis(PCA) 3] BAE Qo A1, A2 FAECR T2 7H| 9 824
£ o]gste BM3lsl o, A= Fig 33 2 def 3 = W4 total protein@} total amino acid®|t}. GR42] & ©
= 2o FAAR BAAYE B 3 WA FAE AFPCl) A 13557 mg/100 goloH, F ofn| At Fhe 66.17
o] TR 79.9%°]1, F HA FAAE WLPC2)e T mg/100 g 7 R 2w HulxA oMY 5
AL 11.7%2 PC1Z}F PC22] 74 71982 91.6% 22 S Hth ade oty Fleloj=g 7leia) s}
FAE 22 diFE S 5 vk Fig 39] (A) score W, 2Fol| SlolA] opnAbe hE gl A 5] 2 elA

plote HH Ao oJa /A E 4872 g 5 ATt 14} vt 2% ehs adlo R zhgata, did 2 AgdshA] ke
EHol| = GR57E, 2AHEH = GR4, 3ARERA = tl2=7<] BH R EAhE ] oprlAke] A9 utdt Aol ok wh
GR1°], 4AHERl= GR29}F GR32.2 Y& 4= 3lth Fig 3(B) 2hx] Tl 9} ofn] e be] ok Ao vt dSdk=d
o] FA4E F3l(loading value)E AHEH 79.9%2] AH&H S £ 99lo] @ 4= 9Jt(Yoshinori Mine et al 2010). 23.2%2]
Hol& PCl1ol|A] Al47} & W4 antioxidant analyses(TPC, A S HolEs PC2ollA A7t 2 HFE 13K Mois-
ABTS, DPPH, FRAP)9} color, maltose, glucose, acidity = ture)©], -2 HE 1 E(Solids)o] E¥EslaL Stk 3AME
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Fig. 3. Graph of score plot (A) of various Jochung of different G. elata extract contents and loading plot (B) of antioxidant

markers and the analyzed parameters.
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7} 71l Wt pH 0.1~033 =7 S7lske 23
ATH
CAFA A Bte AYste 84R Astet),
T-9] 24.87 meq/kg H|wdte] HdrlFEd S ARS-S 314
= ZHL 25.67~42.03 meq/kgl 2 A=} F718HATH
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g, ABTS®} DPPH 2}tz 4715 gke] 85.14 umol/100 g}
61.52 umol/100 g, FRAPZX 114.63 umol/100 go]Jth =
74,] ME = EHZ_TLED} x%u]._FZou =) 57}24‘_&
A Aes w8 FXE HeloH, F #s3, ABTS,
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