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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~GRS5) (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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A] 2k Bovine serum albumin, L-leucine, 2,2’-azino-bis-(3-
ethylbenzothiazoline-6-sulfonic acid) diammonium salt form
(ABTYS), 6-hydr0xy-2,5,7,8-tetramethylchloroman—Z—carboxylic
acid(Trolox) 5= Fluka(Buchs, Switzerland) #| &2 A}8-31%1
©1, Folin-Ciocalteu reagent(FC reagent), potassium persulfate,
2.,4,6-tris(2-pyridyl)-s-triazine(TPTZ), 2,2-diphenyl-1-picrylhyd-
razy(DPPH) -5~ Sigma-Aldrich(St. Louis, MO, USA), gallic
acid, sodium carbonate, sodium acetate, acetic acid, FeCls -
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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.

2 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

é — | 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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oF 1 mLE 7kt 90TollA sEXF 71AAIR1 & Fsta, &

F4 8 mLE 78l 575 nm gl 4] spectrophotometer

(Ultraspec 3100 pro, AmershamBio., Cambridge, UK)E
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HPLC 43¢ water 10 mLE 7}sle] A -8-3F T2, 50C water
bathol|A Z& =& F 0.2 um cellulose acetate syringe filter
(Whatman, New Jersey, USA)Z ojZ}sle] Algg o Alg-
3}9ith HPLC Al 2gle
Co., Ltd, Korea)©] Vacuum Degasser, Quaternary Pump, Co-
lumn thermostat 2] 31 RI DetectorS AF2-5}A T} Hlo]E] *]
2] YounglinAHAnyang, Korea)®] Autochro 2 ZZ 1345 A}

231992, Column- Bio-rad*HCalifonia, USA)S] Aminex
HPX-87H column(300 x 7.8 mm)2 A8-5}1 21, Column oven
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cratic Elution®'H-& AMg-3lod, §% 0.6 m/min 2 E& 5,
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&l Raquel et al(2000)2] Wl o]&le] FRAP #4128 &19T}.
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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" 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" 5.37+0.10° 25.67+0.58° 1.25+0.04" 126.33+4.70° 47.66+1.97°
GR3 25.48+2.57% 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% 105.714+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.

 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,

sekek

p<0.001).
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&+ maltose, maltotriose,

malto-oligosaccharides = maltose ~malto-

HTHTeruo 2002). ¥ A& A 27

2 maltose 13.28 g/100 g, maltotriose
3.60 g/100 g, glucose 6.83 g/100 go] HE=HUct F2lg<]
XA AnleEd A= 2349 maltosed] 3HEFS 14.85
~18.12 g/100 g, maltotriose 3.99~5.09 g/100 g, glucose 6.72
~9.11 g/100 g & ShAGF} FASHA HrpFZdo] sE7}
TR FeI99) FUE Ik kS w3l 7

F2 S B2l GR49 F el T 31.47 ¢/100 g
ola1, F 2l &% F maltose} maltotrioser= 2}t 57.4%

9} 16.2%= thxT-9F Blwsle] 1.4%$} 1.0% =718k, glu-

oMo} forkif s

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).

cose 26.4%% 2.4% A3t Lee BY et al(2002)2} Choi
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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" 140.2343.08 85.14+1.89 1,286.95+52.13 61.5242.53 114.6340.79

Y 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 = log concentration corresponding to B response.

3 Trolox equivalent antioxidant capacity.
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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° 30.7140.36° 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<0.05.
% Significance as determined by ANOVA test according to levels of G. elata (™ p<0.001).
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SHET =4 Usktte d3kel fARs T

AvtaEd 3= 230 kst & 45 98 TPC,
ABTS, DPPH, FRAP 28-S 3} 11, 21 A= Table 49} 2
th % ¥ 53ES Y E2HGR1)S 62.85 mg/100 go] vgke
W, Lee JE et al(2012)¢} Shin SI(2011)°] X113} 52n| &3}
U2 Az 2} A7 23] F s e 29
oF ARl gttt w3k dnlaEEe] Fxo wet F 9
E 3HFS 123.79~223.05 mg/100 gC & Z7}5+91 L, Moon
IN et al(2011)°] HrlgZFdo] o] 255 Ao F
Az o]l Skt 23 fAksHl AntEEEe] 27t
7Vl me} g z2teh vlwste] 2~3.5u) o] te] w g
< Btk ABTS &9 23 glZ21= 195.25 umol/100 go]
Ao, 10~20% HAnpFEA oz A%z = ZH(GR3
~GR5)< 822.19~1,079.59 umol/100 g©. & 4~5u) o]ike] A
=2 B} 38 = Ao thET DPPHEES 30.71 pmol/
100 g, FRAPZES 46.51 umol/100 g A3} vrgith Hrd
AnpEEd oz Az A = 23 (GR2~GRS5)] DPPHEE
o] M E 39.49~81.38 pmol/100 g, FRAPZS] W 91E 60.90
~146.36 pmol/100 g 2 FA=|o] ABTS &4 FHt)
He Bk AvleEdS Aok S 23] 2E b
3l &4 Age = AT 350.952<r<0.996, p<0.05,
p<0.01)S Blom, HAnFZdo] wxrt S71EeSE it
st &4 & vlEA o R Eolxlom, Ao iltst s
A7) 9fallA] ABTS etz &7 2d9] Age] 7 4
et Aoz A7t

zZA 9] 972 & giH HE3EE F ferulic acid, ca-
ffeic acid, p-coumaric acid®} 22 sEHA Y1t |
AZH oA & lom, tdFol o8 Agstd EAjst

oMok fork i ik

+=Hl(Jitlada Vichapong et al 2010; Melissa Walter ez al 2013),
23 719 Aelshs 3014 DR A 9d s
g B0 2= JH = 7HEstE o] 239 T EYule
3ol el JFL Fotkn Y2hET EG ArphRe %
ZHA @22 B84 Zelvs d9kEo] nEA SEET
EeEo] fre] v sER TS Ao AL

6
TR AvpEEd o s Alx ES 2] We(d,
e AA AR 7| a%)= H7Fe A= Table 5
o} At} AuFEd o2 Az PAE 23] AL GRS
3.500191 24 GR2~5% 3.80~4.30°2.% YERLT) Hule] gk
o] A &= GR19 ZA$ 37008 Yebton, GR4~5 %
o] gho] 2R} E7] JEhkon, oAl atol= ¢l
Ak 3] A5, HntFEdo] o wat 4.10~4.602
2 7l et, ol o] BolA A H3del St
= Ao Btk 7| Es tlZ2F7KGR1) 4.0001 21,
AnpFEd o] Frrt S7HE v M2t F7ssih
AL 7125 15% ArtFEd o A a5 24
°] 51002 7P 2 7|5 H4E BTk Kang CS(2007)
& 2R Aol vk £2e] AVt T2t 1.5% F=rt
W ]lel] &5ko] FESte] W HAs s YRS M, Moon
IN et al2011)& Hv} ooz A)2a Azl 10% o4
Ak w5 Hrkre] 7Y 2 A4S 9o, e v
o] M7t FelAE HolA] Fthe Bauws 2 Ady 2
S A% Btk FaA FEAE sl Alzd 24
o] A MAFZFY o] FIEFE VSTt Aasta,
717} ol thar 3] v (Park JS & Na
HS 2005), ¥ A Aol|M= dnfFEde] s2rt 571
FE o) HQl Aol= glovt Srlele AEFS Bth 7]E
. )

R =
IAskaL e A el A, Bt ArlE 5 AAISh=E 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

Mol olids  pH ™ Sugar Proteins A0 Mallortose Gluose TPC  ABTS DPPH  FRAP Color
ture acidity acids  triose

Mois-

O 1000

ture

ke

Solids —1.000"  1.000

pH 0215 —0215  1.000
Free
acidity
Sugar —0210 0210 0593 0497  1.000

5

—0925° 0925 —0143 1000

Eo- 0.684 —0.684 0340 —0381 0.387 1.000
teins
. © —0.487 0.487 0.245 0769 0888 0262  1.000
acids
ﬁi@: —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

s

—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 095" 1.000

DPPH —0904" 0904 0057 0970" 0560 —0328 0792 0583 09707 0958 0.977° 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 m AYztEojxich GR4%} GR5 Ao] et Wi 23, 715%=rt =3k
9 15% Arl5EE 3RS 2H(GR4)°] SIAE 241

7. CHHZEEA = TPC, maltose, color, free acidity, protein, amino acids ¥
T AugEdo g IS wheo] Alxg 23] o F7F EEZATE GRA= &HAtst 243 Ak 23 gt=
Hk & 2 ksl &2 principal component analysis(PCA) =A BHERNeH, Al A2 FAECE UE A9 HEE
£ o]&ste BA3lsl o, A= Fig 33 2ok A 34 = W= total protein¥} total amino acid®|th. GR49] & &
& 23 FAE BA49E 2 A A FEE MSPCl) WA 135.57 mg/100 gol e, F oln|iest 3 66.17
o] FAAAE ] 79.9%°]a, F HA T HFPC2)e F mgl00 go 2 2T e o] vtz 5 oM =2
AL 11.7%2 PC1Z}F PC22] 72 71982 91.6% 22 e Bk ©de on|wibs) Felol=2 7l s}
FAE N2 dFE S ¢ Utk Fig. 39| (A) score ™, 25Fel glolA] opn|iibe BE Y ARG Fof Il

plote B M oaff AL 42F= = o Ak 1A vk ZAske elo s Agetn, dhld g AdelA] e
o= GRS7E 2AHEH = GR4, 3AEHd = 272 R EAs= frEl ov|Ake] A% vt Adte] gl w
GR1°], 4AHEHol= GR29}F GR3S.Z W 4= Stk Fig 3(B)  2h4] ©uld ) ojnfieibe] e A o] Bhe oS3l +
o] 4% F3l(loading value)S AHHEH 79.9%2] AW=S 2 @9lo] @ 4= tiYoshinori Mine et al 2010). 23.2%2]
Hol& PCl1ol|A] Al47} & ¥4 antioxidant analyses(TPC, A S Ho|= PC2olA A7 2 He R3S Mois-
ABTS, DPPH, FRAP)®} color, maltose, glucose, acidity = ture)©], -2 WFE 1P E(Solids)o] st it 3ARE
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(A)

oMok fork i ik

(B)

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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Aok o] g3

Astel A5

FVRE He

R

|
32 S Frl g A 2sl] HlRE sl =
J(GR2~5)S Alzatlon, 3=} 1
ko] T ale Anprhe] Hrbed wet Fszt
ddem, pHE NxT7t 7 va, dnfgEao)
7} 2718kl wat pH 0.1~03% &7} Z71eks A
RS
A FAAN A Bk
T-2] 24.87 meq/kg¥ Hlwdte] HAntEd S AL-g-g
& AL 25.67~42.03 meqkgS® AHert F7FSITH
A HArlFEdo] oot T7MdeE sl o,
292 B4 A3}, maltose, maltotriose, glucose”}
ek AnFEde) Frrt 34EFE 38 5 24
o] F el St F opn|ats A FbEE A

=
HoFEgl o 20% AvlFEE 85 23 (GRS 23

JKel

I of oo o flo P
k1 Mo -
ol

il

l‘
F

(o]
(3

A=)
R

Y
1

o
of

 AvkREe uE 24l 9 4

e Aaskglom, 15% =9 GRael A3t gho] 718
=%k
Aupbge] kst 42 F dlsdae] 162.59 mg/100

g, ABTS®} DPPH 2lt]Zt 2245 %ol 85.14 umol/100 g3}
61.52 umol/100 g, FRAPZE 114.63 umol/100 go]%t}. =
o] Me= x2TET HuFZd9 w7t S7HrS
zHo M 2o FXE HYon & #53tEE ABTS,
DPPH, FRAP®| &4tsl &0 ARx AnaEEe] 5k
7kl et Ee S Bylon, B8 AdAIS 340.952
<r<0.996, p<0.05, p<0.01)= VeRIth 2o gitsl &
d AP o m= ABTS 2tz 2753 FRAP Wio] 4

" i .
9 gt} 2y
1=
=

Principle component analysis(PCA)ZE- ©]-8-3fo] £243t

5 B 3 1A 9% ARPCe] FaAEE o] 79.9
%o 1L, F WAl FAE HW45PC2)e FAAHAL 11.7%
2 PC1# PC29] 74 710 & 91.6% 0.2 T4 270 =
PHFE ZoFet 4= o}, 4 E H-3Kloading value)E A+
HHEW 79.9%2] S Hole PCIolM A4t & W

4= antioxidant analyses(TPC, ABTS, DPPH, FRAP)%}
color, maltose, glucose, acidity= GR4%} GR5 Z* o] 3l|d
A}, BeAAL A3 7|57t =9 2390 15% HAnkE

ST AN
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=9 S 2H(GRY)©] HAg 2AHEHA = TPC, mal-

tose, color, free acidity, protein, amino acids, color A7}

EESIATE GR4A= FAakst &3 ARk 23 @=

=A AU

o|}e] A}, AF2 24
Hvste] s 23S Azt =
st g 9 FHo] 958 2H S v 5 9
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