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ABSTRACT

A Study on the Quality Characteristics of Finger Root
Powder Added Sulgidduk

Cho Han-Cheol
Advisor : Prof. Lee, Jae—Joon, Ph. D.
Major in Technology and Home-economics Education

Graduate School of Education, Chosun University

In this study, Sulgidduk was prepared with adding finger root
(Boesenbergia rotunda) powder containing a large amount of functional

substances, and the quality characteristics are investigated.

Physicochemical properties (moisture contents, pH, °brix, and color) of
non-glutinous rice flour, finger root powder, and the mixture (Finger root
Sulgidduk) were measured. And the antioxidant effects of ethanol extracts
of finger root powder and finger root Sulgidduk were also investigated by
various amount of finger root powder (0%, 3%, 6%, 9% or 12%) to the

non—glutinous rice flour. The results are summerized as follows.

For the physicochemical properties of the finger root powder, the
moisture content was 2.51+0.05%, pH was 5.99%£0.07, and the °brix was

1.67%0.06.

The color values of finger root powder is L(Lightness) 50.91£0.32,
a(Redness) 3.79£0.13, and b(Yellowness) 19.99+0.29.

- vii -
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Analysis of the total polyphenol and total flavonoid contents of fingerroot
powder extracts showed that the total polyphenol content was 172.09+£2.43
mg GAE/g, and the total flavonoid content was 28.97+£1.20 mg QE/g. DPPH
radical scavenging activities in fingerroot powder extracts were
13.63%£0.69% at 1,000 pg/mL, 20.25+0.39% at 2,000 pg/ml, 32.14+0.93% at
4,000 pg/mL, and 53.31£0.58% 8,000 pg/mL. DPPH radical scavenging
activities were significantly higher in butylated hydroxyanisole (BHA),
butylated hydroxytoluene (BHT), and ascorbic acid than in fingerroot
powder extracts at 1,000 pg/mL. ABTS radical scavenging activity was
38.22+£1.21% at 125 pg/mlL, 48.45+0.88% at 250 pg/ml, 62.39+0.65% at
500 pg/mL, and 82.16+7.17% at 1,000 pg/mlL. ABTS radical scavenging
activities were also significantly higher in butylated hydroxyanisole (BHA),
butylated hydroxytoluene (BHT), and ascorbic acid than in fingerroot

powder extracts at 1,000 pg/mL.

Examining the physicochemical properties of rice flour, the moisture

content was 30.45%0.14% and the pH was 6.50£0.02.

The results of measuring the color values of rice flour were L(Lightness)

65.55+0.12, a(Redness) -1.39£0.03, and b(Yellowness) 1.54+0.04.

Investigation results of the quality characteristics of Sulgidduk with finger
root powder added, the moisture contents of the control group was
38.68+0.08%, the pH was 6.34%0.01, and the °brix was 20.00£0.10. On the

other hand, as the amount of finger root added increased, the moisture

- viii -
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content, pH, and sugar content tended to decrease.

The overall L value (Lightness) was low and dark as the addition amount
increased, and the a value (Redness) and b value (Yellowness) tended to
increase.

In the result of measuring the texture of Sulgidduk with fingerroot
powder, the hardness increased as the added amount increased, but the

springiness, cohesiveness, chewiness, and fracturability tended to decrease.

The total polyphenol contents of Sulgidduk added with finger root powder
were 152.36%5.18 mg GAE/g in the case of the control group, and
213.26+7.21 mg GAE/g in the Sulgidduk with 12% finger root powder, and
total flavonoid contents were 0.68+0.017 mg QE/g in the control group, and
3.65+0.26 mg QE/g in the case of 12% finger root addition group, showing
a significant increase with the amount added. DPPH radical scavenging
activity was 3.15£1.93% in the control group and 37.43%0.98% in the
group with 12% finger root powder. The DPPH radical scavenging activity
tended to increase with the addition of finger root powder. ABTS radical
scavenging activity was 8.36%2.30% in the control group and 94.65%+0.09%
in the group with 12% finger root powder, as the ratio of finger root

powder increase, the ABTS radical scavenging activity increased.

In summarizing the above results, finger root was an excellent functional
food showing a high antioxidant effect, and physiologically active
ingredients were stably maintained during the manufacturing process of
Sulgidduk containing finger root powder, showing antioxidant activity. It is

considered that 6% of finger root powder 1s most suitable for the
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production of functional Sulgidduk that can satisfy consumers' preferences

and for the expand of finger root using.
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A2 Ad As 2 ¥

IAFE B2 #4232 ACACHUD wef 3% 105T Ad7tdazxw

Germany)E o]&3slo Ao, Wrie FAGTA(Rx-5000, Atago Co.,

Tokyo, Japan)& ©]-&3s}o] 4383t

AAFE BDe AMxA|(Spectro Colormeter JX-777, Color Techno. System

Attt MEE  Llightness)dt,

||\

Co., Tokyo, Japan)& A}&3te] A==
ta(redness/greenness)dk, tb(yellowness/bluenss)its =45+

o}
Ao e ML gk 89.39, a gk -0.13, b & -0.09)% A-gakt.
3. TAAH

HoAFo Ao A Ayt SPSS 17.0 P/C package(Statistical Package for
Social Science, SPSS Inc., Chicago, IL, USA)E o] &3sle] T4 EAom 3
3] WHE A HAp+HE 32 ¥A8FS L Student’s testE AAE] 9

4 AA= sl

N
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IAFE B¢ 100gd 80% oler2 1,500 mLS H713 o
2% 65C9 Heating mantle (Mtops ms—265, Seoul, Korea)E ©]&3}o] 34
Whatman filter paper (No. 2)& oJ¥}slg o, 1 t}3 o]

&
3
oJhS 40T F& AoA rotary vacuum evaporator (EYELA VACUUM

S oA ARst AsEE AL PAE G 70T

2. & polyphenol 33 2 Z flavonoid &% 4

HAAFE B oekE FFE29 F polyphenol 332 Folin-Denis® (18)el] uw}

2} SASFA L Test tubed FAFE o&t2 FEES 7217 0.2 mL9 Folin

i

reagent 0.2 mLS ¥o] A2oA 3EIF vHSAHY. 2 v 10% Na.COz 0.4

mLS  FH7Esle], olE EF Fo= 403 dhkel €] WS AHT

UV-spectrophotometer(Shimadzu UV-1601PC, Kyoto, Japan)E& AF&3te 760

nmel A F3%= SASAT. FFHAL gallic acidE EF=4d 2 o83t HFF

= 0, 6.25, 12.5, 25, 50, 100 pg/mL7} S =5 A3l om, o HAFIHAS &

3 A& T2 F polyphenol &&< T3t
=

BAF

ofh
rot
g
)

2 oEL FEHE9 % flavonoid %S DavisH(19)S W3
E

HE wg S48t FAFE B8 ogE 5% 0.5 mLol diethylene glycol
0.5 mLS 713 g NaOH 10 plL& ¥ il 37C water batholA 1A%t &
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2 420 nmolA FFEE SA}GY. EFEAEE quercerting o] &3t FH=E
FTE 0, 6.25, 12.5, 25, 50, 100 pg/mL7F == ZAstom, o] HAeEExAHdow

BE Al5F9 % flavonoid &S T3t}

N

3. DPPH radical £2A% =3

IAAFE B JEs DPPH(2,2-diphenyl-1-picrylhydrazyl)

st ZAstgth. YATE B TS F

=
T

4

radical 22752 Blois9] W (20)]
%% 0.1 mL¥ 0.2 mM DPPH 0.9 mLE # &3§ate] 37TelA 30% &<t v-&
AT FH7bEE AR g4l ethanold §o WHEAIR oM, FH = ELISA
microplate reader(Model 680, Biorad Laboratories Inc., Hercules, CA, USA)
S AR&3] 595 nmel A S73F3ith. DPPH radical &A% v o] ALbst
o Mg el

Hm

DPPH radical scavenging activity (%) = [1-(AbSsample / AbSpian)] X 100

4. ABTS radical &A% =4

FAFE B dee FEE9 ABTS(2,2-azino-bis-3-ethylbenzothiazoline—
6-sulfonic acid) radical &A% Re (219 WHE &3t SAHS AT 7
mM ABTS €93} 2.4 mM potassium persulfate &8-S AZste] 5U3 HE=
=33ste] ABTS radical 4ol(ABTS")9 A& 918 StaolA 2447 &< wt
SAATE 2 v ABTS" €9< 0.7~1.01£0.029] F3=7F Yeld wr7ix] 734
nmol| A HgHEE gA3%lth PAFE EE WEes FEE 0.1 mLe ABTS™ &
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N 0.9 mLE & =gste] 37TCelA 30 &< WHSAIAT. TS Al Al
methanol& Yol WHSAIZA oW, &35+ ELISA microplate reader(Model 680,
Biorad Laboratories Inc., Hercules, CA, USA)E AF&3l 734 nmelA S35+
th. ABTS radical &75& v 7ol ZA4tste] MiE&= el

ABTS radical scavenging activity (%) = [1-(AbSsample / AbSpan)] X< 100

B Ago| A dojzl Aup= SPSS(Statistical Package for Social Science)Z
ol 43le] A BEAFAT AYIEd HF+EFLAE FASIGoH, A Ay o)A
o] Pyt B ddux] E4HEA(one-way analysis of variance)S 3t & &
AR F94 AHL p<0.05 FFNA Tukey's testE o] &3] A& HA

(Post-Hoc test)d}iow, F At 7+ EA4 Fod AAL Student's rtestE

axstel Folde AABA
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Table 1. Formulas for preparation of Sulgidduk with finger root powder

(2)
W Finger root Rice Water Sugar Salt
Sample Powder flour
FB 0 500 75 50 5
FB-3 15 485 75 50 5
FB-6 30 470 75 50 5
FB-9 45 455 75 50 5
FB-12 60 440 75 50 5

FB  : Sulgidduk with Finger root Powder control

FB-3 : Sulgidduk with Finger root Powder 3%

FB-6 : Sulgidduk with Finger root Powder 6%

FB-9 : Sulgidduk with Finger root Powder 9%

FB-12 : Sulgidduk with Finger root Powder 12%

Collection @ chosun
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Materials Preparation
l
Washing 3 times
l
8 hours in Water
l
Draining for 1 hours
l
Milling 2 times
l
Sieving (20 mesh)
l
Mixing
l
Steaming for 20 minutes
l
Products

Fig. 1. Processing flow chart for Sulgidduk with Finger root powder

_‘]1_
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HAFE BF H7l Arj"e 100g 80% oEF2 1,500 mLE& H7}3t o8
g5 Wztao] B 2¥ 65T 9 Heating mantle (Mtops ms—265, Seoul, Korea)Z

T8 Ao A rotary vacuum evaporator (EYELA
VACUUM NVC-1100, Tokyo, Japan)E o] &3] &2 A1 7ol-se
s AlR7F AHeE = S 1R E YEA 70T W H3ei).

5. 47199 FAEA 2 st a9 &4

7} 4719e] £28F, pH 2 9= 37

9 H7 A" e AL AOACHA7) wel =832 105T 4

o
u
I

3
etdAxHor =AY, pHE pH " E(meter) (InoLab pH 720, WTW,

N

Weilheim. Germany)& ©]&38}e] FAHsPon, s H#d49E=A(Rx-5000,

Atago Co., Tokyo, Japan)< ©]&3sle] 433t

AAFE EZ Hyl HA7iEe AAA(Spectro Colormeter JX-777, Color
Techno. System Co., Tokyo, Japan)E& AFg&3te] AE=E SAH30. M=
L(lightness)#k, ta(redness/greenness)#k, tb(yellowness/bluenss)ats 5743

oh AREE BE AvomE WKL gt 89.39, a ¥k -0.13, b @ -0.09) ARg-skITh
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FAFE B9 H7F A" AEE tExAEXEE ZH7E 1X1X1 cm7t H
= Addst s 247 5SS 5437 Y sRheometer(Compac-100, Sun
Scientific Co., Tokyo, Japan)E A}M83le] mastication test % shear force,
cutting test® AAS I AXE(Hardness), ©=74(Springiness), &34
(Cohesiveness), #3/d(Chewiness), 717 7d(Fracturability) < A3t Al
€ 227392 R.D.S(Rheology Data System) Ver 2.01& ©]&3le] AA&T)
Table Speed+= 110 mm/min, Graph Interval® 20 mm/sec, Load celllmax)=
10 kg®] o= stk & A2+ I 3/ Al=RE "ote] 77 33] v A
sto] Fr A= e AT

2}, A7]" 9] & polyphenol &%F % % flavonoid &F A

AAFE B Hr A"l o eke FEE9] DPPH radical 27% 2 ABTS

e

radical &A% AL IAFE BT FEHE9 Ixdtade DPPH(20) %

ABTS(21) radical 2A% 54 AWy LA A st
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6. A

W AdelA Ao BE 7IAH, oldtehd Akl 54 A3}

(Statistical Package for Social Science)Z &7 43}

R

PatiE oAz FAS AL,

analysis of variance)= 3% U+ Duncan®| U3

oA g3 A8
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Table 2. Moisture, pH and °Brix of Finger root powder

BeeFe 2.51+0.05% % YERY o™, pHE 5.99+£0.07 a1,

Sample Moisture(%) pH °Brix

Finger root powder 2.51+0.05" 5.9940.07" 1.67£0.06V

1) All values are expressed as meantSE of triplicate determinations.
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=74 A= Table 33 #t}.

PEE UehdlE=  LakLightness) 50.91£0.32, AMEE Yelle  at

(Redness)2 3.7910.13, &AM =E YeR) & b#k(Yellowness) 19.994+0.29% =

A= Ao
Table 3. Hunter’s color value of Finger root powder
Sample L a b
D (Lightness) (Redness) (Yellowness)
Finger root powder 50.91+0.32V 3.79£0.13 1.99+0.29

1) All values are expressed as mean*SE of triplicate determinations.
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A2d FAFE dd= FE=9 T4 &9

1. & polyphenol &% ¥ Z flavonoid &

BAFE L e FEE F TYdE, F <

0
)
s
b
)
Iy
i
oft
o
v
ol
&
i)

J}+= Table 4 % Fig. 29} #t}.

ARE B2

E B & Zalux e 172.0942.43 mg GAE/golw, & Zehn
wol= e 28.97+1.20 mg QE/go @ e

Table 4. Total polyphenol and flavonoid contents in ethanol extract of
finger root powder

Total polyphenol Total flavonoid
(mg GAE1Y/g ) (mg QE?/g )
Finger root extracts 172.09+2.43% 28.97+1.20

1) Gallic acid equivalent.

2) Quercertin equivalent.

3) All values are expressed as mean*SE of triplicate determinations.
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Fig. 2. Total polyphenol and flavonoid contents in ethanol extracts of finger

root powder
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2. DPPH radical &A%

PARE BT e FEEo] 9§ DPPH radical 271%¢ A= Table 5,
Fig. 3 2 Fig. 49} #t}.

FAFE #¢o DPPH radical 2% 1,000 pg/mLelA 13.63+0.69%,
2,000 pg/mLellA 20.25+£0.39%, 4,000 pg/mLolA 32.14+0.93%, 8,000 pg/mL
oA 7Hg =& 53.31+£0.58%°] 2ATS Bt FAFE £ DPPH radical
2A% ICs0 k2 7367.02 pg/mLo] Tt

1,000 pg/mL %o|A =4A3 DPPH radical &AL a4 33t

2

191
Butylated hydroxyanisole(BHA), Butylated hydroxytoluene(BHT) % Ascorbic
acid®= Z+7b 72.32+0.15%, 72.78+0.67%, 85.03+£0.36%% YEhy JAFE B

qetE FE==o Hlste] ¢ Ao® YERh
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Table 5. DPPH radical scavenging activity of ethanol extracts of finger

root powder

Concentration DPPH radical IC50"
Sample ) ..
(ng/mL) scavening activity (%) (ng/mL)
1000 13.63+0.69¥C
Fineer root 2000 20.25+0.39¢
¢ 7367.02
extracts 4000 32.14+0.93¢
8000 53.31+0.58%Y
BHA? 1000 72.3240.15"
BHT? 1000 72.78+0.67"
Ascorbic acid 1000 85.03+0.36%*

1) ICso @ Concentration required to reduce 50% of DPPH radical scavenging
activity

2) BHT : butylated hydroxytoluene, BHA: butylated hydroxyanisole.

3) All values are expressed as meanxSE of triplicate determinations

4) a-f Means with the different letters within the same column are significantly
different at p <0.05 by Duncan’s multiple range test
5) Values with different letters in the same concentration are significantly

different at p<0.05.
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Fig. 3. DPPH radical scavenging activity of ethanol extracts of finger root

powder

60 -
50 -
40 -
30 ~
20 f
°|
0

Finger root extracts BHA BHT Ascorbic acid
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DPPH radial scavenging activities (%)

Samples

Fig. 4. Comparison of DPPH radical scavenging activity of ethanol extracts

of finger root powder and antioxidant materials.
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3. ABTS radical &A%

ABTSE o] &3t JAFE 7+ Jdets FZFE9 radical 2A % 23+ Table

AAFE BEY oEe FEE9 ABTS radical 27A%2 125 upg/mLelA
38.22+1.21%, 250 pg/mLollX 48.45+0.88%, 500 pg/mLelA 62.39+0.65%,
1,000 pg/mLollA 82.16+7.17%= ABTS radical £7%°] % o&EH oz {2
Aoz F7keheE Aol Bt FAFE 9 FEFES ABTS radical &A%
ICs0 %68 308.15 pg/mLo] it}

1,000 pg/mL FZoA =A% ABTS radical £2A%E T4

ot

FakskA) <l

Butylated hydroxyanisole(BHA), Butylated hydroxytoluene(BHT) % Ascorbic

acide= ZH2t 77.51£5.66%, 83.52+£2.47%, 89.25+£5.55%= YElRtoH, FAF
B FEEG fA 43 B
— 22 —
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Table 6. ABTS radical scavenging activity of ethanol extracts of finger

root (Boesenbergia pandura) powder

Concentration ABTS radical IC50"
Sample : .
(ng/mL) scavening activity (%) (ng/mL)
125 38.2241.219
Fingerroot 250 48.45+0.88°¢ 20815
extracts 500 62.394+0.65° '
1000 82.16+7.1794)
BHA? 1000 77.51+£5.66%4
BHT? 1000 83.5242.47%4
Ascorbic acid 1000 89.25+5.55%

1) ICs0: Concentration required to reduce 50% of DPPH radical scavenging
activity

2) BHT: butylated hydroxytoluene, BHA: butylated hydroxyanisole.

3) All values are expressed as mean*SE of triplicate determinations

4) a-f Means with the different letters within the same column are significantly

different at p <0.05 by Duncan’s multiple range test

5) Values with different letters in the same concentration are significantly

different at p<0.05.
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Fig. 5. ABTS radical scavenging activity of ethanol extracts of finger root

powder
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Fig. 6. Comparison of ABTS radical scavenging activity of ethanol extracts

of finger root powder and antioxidant materials.
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w5ty pHE 573 A3 Table 73 2t}

_/’:
WA7LF] RS 30.4510.14% % YER o™, pHE 6.50£0.022 YERST

Table 7. Moisture content and pH of Non-glutinous Rice powder

Sample Moisture(%) pH
30.45+0.14 6.50x0.02

1) All values are expressed as mean*SE of triplicate determinations.

H

2. 4

7ol Am 54 Ak Table 83 ot
HEZ UJERNE Lit(Lightness) 65.55%0.12, 4A%Z UERE agk(Redness)

o-1-=

2 -1.39£0.03, A5 YER = bik(Yellowness)< 1.54+0.04 2 YE}RTH

Table 8. Color values of Non-glutinous rice powder

Sample L a b
P (Lightness) (Redness) (Yellowness)
65.55+0.12V -1.39+0.03 1.5440.04

1) All values are expressed as meantSE of triplicate determinations.
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Fig. 7. Exterior view of Sulgidduk with different addition of Finger root

powder
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1. 47199 FEEF, pH 2 BE

BAFE 2T HANES 2Este] Axd FAFE ArYe FEdY, pH

e

HAFE BHe HUisk Arjge] RS 35.99+1.24~38.24+1.10%2] ®
AE Yellow, FAAFE RS Hrlslx ¢v gFRde FESHS

L BAFE % 12% H7F 271"l 35.99+1.24%

(o]
il
4,
L
)
:L
o
i)
ot
iy,
A<
rir
o)
jur}
R=3
i)
N
x
Ll
)
N
_ﬁ
o)
Ta
o
~
fo
>,
>~
>,
Mo
=)
o
ek
N
L

g Ad71H(23), A FuhEw H7F A71H24), vhbdelvt ZhEE 7ke A7)
(25), X9 ¥ HAhs 2ud AV|"@2e)e] FEdY S44%e fAE AT
ol At

FAFE IS Hhe A71"e) pHE tiEato] 6.34+0.012 7 %7 e
wer, IAFE F¥ 3% 7 AV 6.3240.01, 6% H7F AU
6.21£0.02, 9% #7} A719L 6.17+0.02, 12% 7} 47192 6.14£0.01% 3
AFE 2% rtel S71EeE folHor sopdh ol WaAvFEel pH7t
6.50+0.02¢]3L, FAFE % pHE 5.99+0.07=% FAFE E%e] pHIF &
7He] pHETE wol ARFE £ Hrbgo] S7HEaS pl7h sobAes s
AbmEn o 2 Ade RUbRE UM A7H@T), FEUHE d7bEel me
A71H(28)9] ATellA HrteFe] S7hFE pHgko] frold o= a3 dstsl
AFatiet.
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FAFE FES H7bsk A719H9] °Brixe 19.43+0.12~19.60£0.20¢] HAE

UetHlon, FAFE F4-S HrkekA] @v dlE2a79 °Brixt 20.00+£0.108.2 7}

19.60%£0.20, 6%

PAFE Lo WrhFel RS gastel 39 A7t 4He

HA7F A7|H& 19.57£0.06, 9% 7} A7]9L 19.53+0.06

12% 737 47192 19.4320.122 7} A JvElgen FJAFE B2 HUisk

FHBFE Brixs gasts AFolQom 7 AT AbeldA FoHel ol

BolA| &ttt & A71Y ¢ °Brixe= JAFE &% H7FFe] =555 °Brix7t 2
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Table 9. Moisture contents, pH, °Brix values of Sulgidduk with different

addition of Finger root powder

Sample Moisture(%) pH °Brix
0 38.68+0.08"%%  6.34+0.01Y%%  20.00£0.10"%?
3 38.2441.10% 6.3240.01° 19.60£0.20"
6 37.00£0.09% 6.21+0.02 19.57£0.06"
9 36.60£0.25" 6.17+0.02° 19.53+0.06"
12 35.99+1.24° 6.14%0.01°¢ 19.4340.12"

1) All values are expressed as meantSE of triplicate determinations.

2) a—c Means in row with different letters are significantly different (p<0.05)

by Duncan’s multiple range test.
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Fig. 8. Moisture contents of Sulgidduk with different addition of Finger root

powder
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Fig. 9. pH of Sulgidduk with different addition of Finger root powder
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Fig. 10. °Brix values of Sulgidduk with different addition of Finger root

powder

_32_

Collection @ chosun



2. A7|¥ e Aw

o&:

BAFE &% 7S gt Ax3 GAFE A7)
Table 10, Fig. 11, Fig. 12, Fig. 13, Fig. 149} Zt}.
HEE YelY = Lik(Lightness) tx o] 92.02+1.222 7F¢ =4 SAHEH
a1, 7ol 3, 6, 9, 1292 7145 76.17£0.42, 77.90£0.69, 72.17+0.89,

lm
JE

o A%

_11}1-

4 Ane

67.0210.41%2 A5 7o fFoldo =z arstes HAEFS HATh
AAEE YEH = ath(Redness)e] 45 dixvro] &9 # -0.52+0.02=

7V ssteon, JAFE SHe WL

m%
%

= 7Fe 0.93+0.06~4.82+0.182 £
FA-ZE JE = bit(Yellowness)2 AT aZk(Redness)d wz7x =2 %
To] 6.82+£0.060. 2 71 wotow PAFE HIUlFo] 3, 6, 9, 1292 7

uhg} 17.2240.18, 20.05£0.17, 23.04£0.23, 26.55+0.26 2.2 e} fo]H o=
F7het e,
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Table 10. Color values of Sulgidduk prepared with different addition of

Finger root powder

Sample L a b
P (Lightness) (Redness) (Yellowness)
0 92.02+1.22V% -0.52+0.02¢ 6.82+0.06°
3 76.17+0.42° 0.934+0.06° 17.2240.18¢
6 77.904+0.69° 2.05+0.08°¢ 20.05+0.17¢
9 72.17+0.89° 3.02+0.08° 23.0440.23°
12 67.024+0.41¢ 4.82+0.182 26.55+0.26°

1) All values are expressed as meantSE of triplicate determinations.

2) a-c Means in row with different letters are significantly different (p<0.05)

by Duncan’s multiple range test.

100 1 a
@
b b
| \- - .
@ —-‘-—-'_——-_..-"'—-.‘___-d
®:
60 - T
g e— | (Lightness)
T:u —e=— 3 (Redness)
:g 40 - b (Yellowness) g
G b
(&) b G !
20 -
e
d c - .
0 Eo p— b
0 3 6 9 12
-20 - Finger root Powder Contents (%)

Fig. 11. Color values of Sulgidduk prepared with different addition of

Finger root powder
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Fig. 12. Lightness of Sulgidduk with different addition of finger root powder
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Fig. 13. Yellowness of Sulgidduk with different addition of finger
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root powder
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Fig. 14. Redness of Sulgidduk with different addition of finger root powder
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FAFE &Y HrtEs dEst 7199 Hardness(% %), Springiness(§824),
Cohesiveness(-584), Chewiness(8134d), Fracturability(Z]1&2d)¢] &igof 3|

ZAS 543 A3+ Table 11, Fig. 15, Fig. 16, Fig. 17, Fig. 18, Fig. 19

Hardness(A%) A 23 JIAFE B¢ 12% #H7F 27192 HAE7)
3238.81+232.77 kg/cm’Z 7} =9ta, 11 tpgow FASE B 9 "yl A
7lw@e 3012.284118.31 kg/em? BWAFE BW 6%  HrF ArHe
2788.324260.91 kg/cm? BAFE E% 3% Hr7b A7"He 2545.68+240.51
kg/em’® SAEJL, ExL 2318.514£203.88 kg/cm’= 7H 9 A E
=3

Springiness(&+84) =4 A3 FATFE % 3% H7F A7|9Le 73.16+4.06
P2 7V =, 2 SR PARE BT 6% H7F A7HE 69.02+5.20 %
2, fEzwe 61.33130.39 %= FAHAJL, BAFE £% 9% H7F A7HS
56.64+£5.91 %, JBAFE =% 12% H7F A7192 45.16+3.17 %= 7 WA
A3

Cohesiveness(3A) A Ay Z27+S 74.20+3.16 %= 7P =1, 1
o PAFE B9 3% H/F A7 70.6945.84 %, BAFE % 6% #
7F A71"E 60.83+2.32 %, FAFE B2 9% W7t A7HLE 52.76£1.29 %, 3
AFE B2 12% A7F A719LE 44.61+£3.33 %2 74 WA 4 E A

Chewiness({3d4) 34 23 IJIAFE E 12% H7F A9

41:

535.01437.59 go 2 7F4 ¢k, 1 tggor IAFE ¥ 9% H7} Ay
498.26+31.80 g, AAFE EZ 6% H7} A71HS 440.429.30 g, FAFE &
2 3% H7F A71H-e 409.23+£9.79 g2 UERG o TS 342.88+33.70 go
2 7P A S8 A
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Fracturability (M1 ®A) &4 A3 JAFE B¢ 3% H7F 7|9 67.88+£2.81
kg® 7} =g, 1 Lo FE YESLL 66.28+3.12 kg, BAFE B 6% H
)

7} A71W & 59.65+5.47 kg, BAFE 2% 9% H7} A7|wHE 54.33+3.12 kg®E

el on, FAFE B3 129% FH7F 7|9 47.6914.84 kg= A SAHEH
o 57HA] 247 SAH A FAFE Hrrgo] SUgrel wpEl Alg Fhel] 214 <l

Table 11. Textural properties of Sulgidduk with different additions of Finger

root powder

Sample Hardness Springiness Cohesiveness Chewiness Fracturability
amp (kg/cm?) %) (%) (@ (kg)
0 2318.51£203.88"% 61.33+30.39® 74.20£3.16° 342.88+33.70¢ 66.28+3.12°
3 2545.68+240.51¢ 73.16+4.06° 70.69+5.84* 409.23+9.79° 67.88+2.81%
6 2788.324260.91% 69.0245.20° 60.83+2.32° 440.00£29.30™ 59.65+5.47°
9 3012.28+118.13" 56.64+5.91% 52.76£1.29° 498.26+31.80° 54.3343.12°
12 3238.81£232.77° 45.16+3.17° 44.6143.33¢ 535.01£37.59° 47.69+4.84°

1) All values are expressed as meantSE of five determinations.

2)a—c Means in row with different letters are significantly different (p<0.05) by

Duncan’s multiple range test.
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Fig. 15. Hardness of Sulgidduk with different additions of Finger root

powder
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Fig. 16. Springness of Sulgidduk with different additions of Finger root

powder
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Fig. 17. Cohesiveness of Sulgidduk with different additions of Finger root

powder
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Fig. 18. Chewiness of Sulgidduk with different additions of Finger root

powder
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Fig. 19. Fracturability of Sulgidduk with different additions of Finger root

powder
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4, A7]9e] % polyphenol 3%F 2 = flavonoid 3

i)

o

JAFE T8 A7MS 2efste] Az PAFE A9 T EedE B

T v Ay dx2aS 152.3615.18 mg GAE/go.= 7V &o] o

o], PARE B2 39 v} 47]®E 179.8643.16 mg GAE/g, AFE &

rlo

2 6% H7b 4719 188.06+6.91 mg GAE/g, BAFE &% 99 H7b 479
203.80+2.42 mg GAE/g, IAFE B¢ 129% H7} A7]9S 213.26+£7.21 mg
GAE/go 2 JFAFE & Hrlge] S7Md45 & s g9 S7Hes
A=

% ZYR ol gk Ado s RS 0.68+0.017 mg QE/g9] HS W
gom, IAFE BE 39 H7b A7|"e 1.38+0.03 mg QE/g, FAFE 2
6% H7F A71"9e 1.85£0.10 mg QE/g, FAFE &2 9% H7F A7|9LS
3.06£0.07 mg QE/g, BAFE B 12% H7} A7|"e 3.65+£0.26 mg QE/go.

2 YAFE T8 AU StEeE F STt xols Rk SUME B

o,
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Table 12. Total polyphenol and flavonoid contents of Sulgidduk with

different addition of Finger root powder

Sample Total polyphenol Total flavonoid
(mg GAE/g) (mg QE/g)

0 152.36+5.18V<% 0.68+0.017¢

3 179.86+3.16° 1.3840.03¢

6 188.06+6.91° 1.85+0.10°

9 203.80+2.42° 3.060.07"
12 213.26+7.21° 3.65+0.26°

1) All values are expressed as meantSE of triplicate determinations.
2) a-b Means in row with different letters are significantly different (p<0.05)

by Duncan’s multiple range test.
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Fig. 20. Total polyphenol contents of Sulgidduk with different addition of

Finger root powder
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Fig. 21. Total flavonoid contents of Sulgidduk with different addition of

Finger root powder
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5. A7]9 ] DPPH radical 274% % ABTS radical £2A4%
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Hm

IAFE
radical 245 &A% Z3= Table 13, 9 £t}

DPPH radical &7 &4 SA7AFE 25 AU &2 dixatolA
3.15+£1.93%= Jetwta, FAFE B24S 3%, 6%, 9% 2 12%7A H7gE A7)
Hol A= DPPH radical &7 &7d¢] ZZ 15.2940.50%, 23.13+£0.81%,
32.40+0.40% 2 37.43+£0.98%% Z7}attt.

ABTS radical &7 A% IAFE B H7lsko] Z7ishdd whel =4 YeEl
=

rot

O
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o
fz

2
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o
Y
u

©m, DPPH radical &7 @43} n]s: A
A gk d71we] ABTS radical 24 4 8.36£2.30%= 7} W& #s el
Wela, JAFE BZS 3%8 695 FH7bste] Axd Ar|wHoME zH7
47.5940.91%9F 67.85+£2.94¢] ABTS radical JAZAS Yetit. FAFE 2
ol 9%t 12%%1 AVIHHAME 747t 94.41+0.14%, 94.65+0.09%9]

= h=

ABTS radical &4 A4S Ho FAFE FEeo] H7igke] dl#ste] ABTS
Fact

o

radical 27 &Ao] F71she &9l
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Table 13. DPPH and ABTS radical scavenging activity of Sulgidduk with

different addition of finger root powder

DPPH radical ABTS radical
Sample ] .. . ..
scavenging activity (%) scavenging activity (%)

0 3.154+1.93V¢? 8.36+2.30¢
3 15.2940.50¢ 47.59+0.91°¢
6 23.13£0.81° 67.85+2.94°
9 32.40+0.40° 94.4140.14*
12 37.43£0.98? 94.65+0.09%

1) All values are expressed as meantSE of triplicate determinations.
2) a-b Means in row with different letters are significantly different (p<0.05)

by Duncan’s multiple range test.
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Fig. 22. DPPH radical scavenging activity of Sulgidduk with different

addition of finger root powder
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Fig. 23. ABTS radical scavenging activity of Sulgidduk with different

addition of finger root powder
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