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Antioxidant activity and quality characteristics of black sesame gruel added with glutinous
rice, glutinous brown rice and, glutinous black rice powder

Jung—Lee Park

Division of Food Service Industry, Uiduk University

Abstract

This study investigated the quality characteristics and antioxidant effects of black sesame gruel made with different concentrations of 15
minutes of treatment at 100°C roasted black sesame, Total lignans showed the highest levels with 15 minutes of treatment at 100C roasted
black sesame, With regard to lecithin's antioxidant effects, 15 minutes of treatment at 100C roasted black sesame showed a higher oxidation
restriction rate, Hydroxyl radical scavenging, a similar scavenging activity to tocopherol, and a comparatively higher scavenging activity than
sesamol, was shown with 15 minutes of treatment at 100°C roasted black sesame and showed scavenging abilities of 90% and higher, For
black sesame gruels, roasting can be used in a variety of ways in cooking in order to enhance functionality and preference. The most
appropriate ratios of 100°C, 15minutes roasted black sesame in black sesame gruels, with regard to the overall quality characteristics, are as
follows: The results of the sensory test showed that the overall preference was highest for glutinous rice-black sesame gruel, glutinous brown
rice-black sesame gruel, and glutinous black rice-black sesame gruel, which were deemed best with 50% black sesame. From the above
results, it could be seen that glutinous rice, glutinous brown rice, and glutinous black rice black sesame gruels, which are made by adding

50% roasted black sesame, contributed to enhancing the function of antioxidant activation and development quality.

Key word : Roasted black sesame, glutinous rice powder, glutinous brown rice powder, glutinous black rice powder, black sesame gruel,

antioxidant activity, quality characteristics
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H3cH(Shim YH et al 1995, Ramarathnam N et al 1995, Shyu
YS and Hwang LS 2002).

SEuME 5 a7t A el ofXEofEan
B) oA ol dAF e S FEol 40 Bl Fol
Wol JiE AL o] 5HoR £ F QvhEAA 1984).
HT 9ol oEdta e Wk /M e 2 2FE Al
FE Yok A A wiE WRE g AT 7 e 2A
o] o] @ i QJoiHur Sl et al 2011, Cho SM et al
2013). HT Eo] WFEY A AR 7S B e A
o] vl2 A7} oltk(Hur Sl et al 2011, Cho SM et al 2013),

| (Brown rice)T A AJEIS] AR, SEF vjglo]
a2 o} Q= ol mAN meh g AsHes
sto] A% ZYzHE 74, 3= oY 2 X5, wv] o
g oy, IR A8 A T EFHE UERAtHERS
2003). &n] o ET3H ferulic acid 2L 73k &ikabA|7}
o el ol fAl AstEA] s AR g Qo
(Na GS et al 2007, Ko MR et al 2011),

S| (black rice)T & AFEtaL S Hssi seEE

EEH hu 4 mESPA S v WA S AT w
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Fig. 1. Manufacturing of roasted black sesame gruels
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Table 1. Formulas for preparation of three roasted black
sesame gruels with addition of several roasted
black sesame

Ingredients
Ratio of .
Black Rice
black Water(g) Salt(g)
sesame(g)  powder(g)
sesame(%)
0 0 50 300 1
Glutinous rice 30 15 35 300 1
black sesame 40 20 30 300 1
gruels 50 25 25 300 1
60 30 20 300 1
) 0 0 50 300 1
Glutinous brown _ _
. 30 15 35 300 1
rice black
40 20 30 300 1
sesame
50 25 25 300 1
gruels
60 30 20 300 1
0 0 50 300 1
Glutinous black _
. 30 15 35 300 1
rice black
40 20 30 300 1
sesame
50 25 25 300 1
gruels
60 30 20 300 1
3. %2 SR 0[5t S £
D QUHE B
ZdAe] i, 23R, A 8l =AY S AOAC
W02 AFRFRFATHAOAC 1990). & FE2 et A=

ausin|, 220 7128 2

Kjeldahl ", 24 3k soxhlet T2l ol S4skoict.

2) Lignan ¥ &4

HPLC EXH o] ¢]3t sesamin, sesamolin 3FF AHFHS A}
43990, HPLC(high performance liquid chromatography)s=
o2 2oz BXMEStHTable 2). &, mobile phases
methanol : H,O(80 : 2094 #Bondapak C18(3.9 x 300 mm)
A9E Ao, 2900 nmolA] 2027 ST

Table 2, Operating conditions of HPLC (high performance
liquid chromatography)

Items Conditions
Instrument Young-Rin Associates
Column #Bondapak Cis (3.9x300 mm)

Mobile phase MeOH : HO = 80 : 20

Detector UV 290 nm

Flow rate 0.8 mL/min

3) Lecithin oxidation system= ©]|&3%} &-Akslgy}

=7

A lecithing chloroformel] =21 & AALVFAE o] &
st gulEe &ds] AAT FEFE, 2mM FeSO;, 2mM
acde  F7kete] £ & 37CelN 3083t
incubating 3+ ¥ I}aksl 2]2S TBARSHH(2-thiobarbutric acid
relative substance)dl] &]dle] =3}t

asocorbic

Relative antioxidative effect(RAE) TBARS(%) = (A—B)/A X 100
A AR F AR FEE
B : A& Al ¥3%

4) Hydroxyl radical &% &3

FeSoy/EDTA &8, 2-deoxyribose, Z}
HO 2 %, 2AI7F B9 vhgAI7l TCA(trichloro acetic
acid)- &N} TBA(thiobarbituric acid)-8HS YW1 158 7}g3t
T 343 YZAIA s32nmollM FREE S35k kst &
XS v skt (Ser JH et al 1996).

35, phosphate-buffer,

Hydroxyl radical scavenging activity(%) = (A-B)/AX100

A AR ¥ kR F9E
B AR kel $9

A HAE B8 gas chromatography (Hewlett Packard 5890
SERIES II Plus, USA)E Al&3Fe] E2A15}¢tHKang MH et al
20002, Choo SI et al 1999). ¥4 F71& Table 33} 7t}
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Table 3. Operating conditions of gas chromatography for
analysis of fatty acid

Instrument Hewlett Packard 5890 SERIES Il Plus, USA

Column SGE 30M * 0.25 MM BP20

Held 180°C at Smin, then temperature programed at

Col t
clmn temp 10C/min to 230C and held at this point for a futher 10min

Carrier gas He

Detector FID

BlAe] YR e 105colN Hejd R 27
(moisture  determination balance FD-610, KETT Electric
Laboratory, Japan)& ©o|-83}e] 33] whasle] £i-& Sl
100014 2 3hds AlQdgk o= yEhSlTt

2) A= 2%

Z+ NBE A3 FE AT A (chroma meter CR-300,
Minolta, Japan)E&  ARE3sle]  WI(Lbrightness), HA%=
(a,Redness), FME(bYellowness)E 33 whE =A% HFzk
S YehSIY ojul] AF&E calibration plate F-& L 92,50,
a: 0.3131, br 0.3193 °]3]t}.

3 WY, = =74

HZA =L line spread chart® A}&-3}IT}. Line spread
chart?] 4L 60Cel %2 50 g A3t AE5H Fol7} 47t
50 mmgl £ ofFd dF Ho ¥ F UFS S ¢
A4 Bl s F A2 HA B2 spdle] 2olA] WA
25 z4sel BFAE TN P ZHe Digal
Refractometer(PR-101, ATAGO Co Ltd, Japan)E ©]-&&}e] 33]
ke 2Rt 1 k] Hae 2 YeRYa, Brixwd EAS)H

A

4) Texture 4

Texture E4& LolR 7] Y3}e] Texture analyser( TAPlus,
Lloyd Instruments Co Ltd, UK)E o]&3s}e] &3¢t A=
(hardness), $%*J(cohesiveness), EFEA] (springiness), AA
(gumminess), %3 Ad(chewiness)S 33 ¥HE =431t} o]uj
Texture analyser®] &% ZAL load cell Value 500 N,
sensitivity 2.0 mV/V+/-0.05%, non-linearity { 0.05% of full
scale range, plungere AEF =o] 5 cm8l food texture
stickiness, test speed™ 20 mm/min, triggerS 0,005 Kgfo]$]
th Ags AEH =07t 42 7 em?d 98 &7]9 100 g&
21, sample compress 75%% 233t A2 60C7F f
A E T2 324%7](model SB-1000, Tokyo Rikakikai Co Ltd,

S 2 F 22 83 A A 297 A 5%(2013)

Japan)E ARRElQITy. &34 AEE NEXYGENPlus  Material
Test and Data Analysis Software(Lloyd Instruments Co Ltd,

UK)E o]&3to] 43kl

5 WEHA
Bo ZRE Geldlel A SIAE W FYAF B
54 54E Qohus] dstel W by 2 W 54
FAN ATHNL 2N AAENR DA 1272 B
S RUES YO 33 B AN W £
820+ A(color), FH|(flavor), LA3BF HH(nutty taste), T3
s

(sweetness), &Uk(bitter taste), 7|3k HBH(fatty taste), HAZE
(consistency), H¥FAQ] 7)Z % (overall preference) 97}4] &
o stel 2ARAT, B5d Ao et of Ades
SO WS oRheh, : wEolch, o8 - A,

5. SAIAz]

Z} AgollA]  de AYPAIE= SAS(statistical  analysis
system) S RIS ARt FAAY shlen, it
EX(ANOVA)S AAIBE & 50 594 Duncan tests E-3+
U= 91744 (Duncan's multiple range test)ol] &Jdle] 5-A| %]
$o183 AZAIHALAT A 2000

. Za A

3k

i

1. SRIe] 0[2fE 54

=171 "o

1) YErdE

Exte] duAE B Al Table 49 Zoh A 59
A4 ABE S5 33.07%, AW 23.80%, Z3|E 31206, 2T
w8 06%e] EERS BYth 100ColA] 158 AEsk &b
ANEE FE 0.09%, ZAY 52.18%, ZIH 4.93%, Fchd
10.75%2] 2S Bt} Kim HW et al (1999)2 =¥} &2k
o] &% Ao wet HE Zol7} giicta Foledl, B oA
TollMe ZAM ggko] Ao]E Hols Ao Hof ZAMW
o] ke Bolzte] %z oY 254 S H= Ao

[‘_1

2 AZEY, Kim HW et al (1999)9] Aol & 3
25 el wEt A A S Ane) vise AEF
B9l Sharma ND et al (1985)L IL&(170C, 20&)ol|A 7}
A Az Ao duldo] ghafo] hAHET Bk, 7t
Z703 @A webr o)z} glor, ke 7td AEle
2o Zujo} g ks FMIE whd 2o A
Alzke] 71 Aele el e doAA whuldol g
o] adts Zog Hlta 3igEd B ool dUvky
=4 A7, A SAA AlsEY 100ColA] 157 HEle 5
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Table 4, Proximate compositions of black sesame prepared by

different treatments (unit: %)
- ) Crude
Treatment conditions Moisture Crude fat Crude ash )
protein

Raw 33.07+4003" 23804006 312001 8.06+0.02

Roasted (100C, 15min)  0.09£0.02 52.18+0.05 4.93+0.01 10.75+0.01

U All Value are Mean+SD of 3 replications

2) Lignan &<

Lignan ¢S 243 A= Table 59 Z2h A =19
sesamin S 613,348 mg/100g seed, sesamolin®] &
591,569 mg/100g seed, & lignan TS 1204917 mg/100g
seedo|AL, 100C oA 158 e SUA A5 sesamin
shaFS 951,934 mg/100g seed, sesamolin®] S 868,048
mg/100g seed, % lignan FFF2 1819.982 mg/100g seed©] %]
ok 100CelA 153 A S Azl A Fda Als
Xt} sesamin, sesamolin ¥&Fo] ETF =7 JERgTH Kang
MH et al (2000b)2] IF-NA sesamin®] =& 7] 370.29
mg/100g seed, 787 246.58 mg/100g seed, sesamolin®] &t
2o 3l7] 202.22 mg/100g seed, AL 132.68 mg/100g
seed, & lignan $FEFe 37 565.88 mg/100g seed, 7327
379.27 mg/100g seed®] Ao} w|we wj A Sz} 100T
A 158 ES AHYd ZUA AlFolH EF  sesamin,
sesamolin  $FeFo] EA| UElHdTh ol o] el x7lo]
lignan $HeFol] QIS n|X|= Zlo = ehHET

Table 5, Changes in the contents of lignan in black sesame
prepared by different treatments  (unit: mg/100g seed)

o
=
ol

Treatment conditions Sesamin Sesamolin Total lignans
Raw 613.548i0,006” 591.569+0.010  1204.917£0.015
Roasted(100C, 15min) 951.93440.004 868.048+0.003  1819.982+0.007

Al Value are Mean+SD of 3 replications

3) Lecithin AP} a i}

Lecithing ©]-§3F¢] TBARSE 4% ZAFE Table 63 2
o A ZYA AEE Tocopherol Htb= £ 245 B4
L, sesamol¥= FARSE E4S YERNRIAL, 100CoA 158
Aglet B ZdA AlgE 71E A AdeHAI”] Tocopherol
ot} sesamol MU= fFojFogw Eo XS HYY
(p¢0.001). Kang MH et al (2001)¢] AToIA FH=A 3=
& At Abslel %7] AAEEQ] hydroperoxide®} 71EF HE
€ =23 9kgEte] AEE oAl AoE Hawo(x gl
1(Kang MH et al 2001, Ames BN et al 1993), &3l ¥|=A]
3}3HEo] radical A EZ EZQ metalion(Fe, Cu)@ A
Agsle] mecrophaget} free cells EJolA free radical?] &
< eIt Basielar dsA shehEel dAe Akt

AAAIZl AR HiIET; (Ames -BN et al 1993,

i o

F SARS0 MY U BYSY

585

=]
1]
ol
o
N
el
[
il

7t

1ok
ol

Halliwell B and Gutteridge JM 1990, Kang MH et al 2001).
2 A7elAE 1wo0teld 1% A F2 S Alsvt
& HAGAEEAIS] Tocopherolo|y sesamol Hth= §-9]4
2 Ee @Ae Bk ol 100TolA 158 AE B
W ARE FAAF Azol Dl AL Fo Be @
sl &4 Aol upgAg Az Aol AlEECh

2 o o N

Table 6. Changes in the contents of Relative antioxidative
effects in black sesame prepared by different
treatments (unit: %)

Treatment conditions RAE TBARS(%)

Tocopherol 67.429+0.128"

Sesamol 68.57220.131"

Raw 68.382+0.321"

Roasted (100°C, 15 min) 70.85740.135°
F-value 163994

"IMeans in a column by different superscripts are significantly
different at 5% significance level by Duncan's multiple range test.
“p(0.001 * All Value are Mean®SD of 3 replications

4) Hydroxyl radical A&7%

Hydroxyl radical (OH)2 &4 2k F wh-gAdo] df¢- %
sof A skl FH 48E A Aes ded
(Chung SK 1997). ZUdA} Alg9l Ao S Hydroxyl
radical 2274 &AL Table 72 2t} B AFoA= Hydroxyl
radical 245 SA% A7 A SAA9} 100TAA 158 ¥
& A2l FA g BF o0 o] w& e e B
3, AAPASAIRD sesamol Hrh= & 27 SHE HIA
o 0CelA 158 RS Aeld SUa AR 274 &
H7F frelH o= HERATHp(0.001).

Table 7. Changes in the contents of hydroxy radical scavenging
effects in black sesame prepared by different treatments

Treatment conditions Hydroxy radical scavenging(%)

Tocopherol 97.196:0,041°

Sesamol 94.350+0.041"

Raw 95.899+0.001"

Roasted (100C, 15min) 96.610+0,083°
F-value 1770.281"

m= - - - —
YMeans in a column by different superscripts are significantly

different at 5% significance level by Duncan's multiple range test,
“p(0.001 ? All Value are Mean®SD of 3 replications

AR 2AS BEASE AdE Table 83 2T 1007C ollA
A2k AlEme A SAzke] H]Eke] Linoleic
=F31, Palmitic acid, Stearic acid, Arachidic

Korean ], Food Cookery Sci. Vol 29, No. 5(2013)



Table 9. Soluble solid contents of black sesame gruels prepared with
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Table 8, Changes in the contents of fatty acids in black sesame prepared by different treatments

Fatty acids (%)”

Saturates Unsaturates
Treatment conditions Myristic acid Palmitic acid Stearic acid Arachidic acid Oleic acid Linoleic acid Linolenic acid Arachidonic acid
(14:0) (16:0) (18:0) (20:0) (18:1) (18:2) (18:3) (20:4)
Raw 05" 134 7.7 09 466 297 ND 11
Roasted (100C, 15 min) ND 10.1 5.8 415 417 03 ND
Y Expressed as weight percent and calculated from peak areas of the gas chromatograms, Fatty acids are expressed as number of carbon : number of

double bonds

acid, Oleic acid®] e 79 =zlol7} A el
Linolenic acid:® 100TC oA 158 E& A3t ZdA+ A5
At ZAEITE Kang MH et al (20000)] F3| o] uw}2
A AAMNe ARtz AT A palmitic  acid(37)
7.15%, AR 8.23%), acid(87)  3.99%, AR
2.60%), oleic acid(B17] 49.50%, A7 53.37%), linoleic acid
(B 11.14%, HA7 108302 & A7 Ate} wjuwsjEd
2w 100CeA 15 HS A AR A=A
palmitic acid, stearic acid =5 shako] =kl oleic acid®)
Fe Ao el s e 1ol

stearic

Be ZUAS W BB, FEAY), 350 SYA5
D3 9IS S ke Tae ook k. 13s) 9
o a, A, B30 TAAZ el Aol FAHES
5 naE gEw AR, okt Le DH (009e] BT
oA el e Selshel nYE FEe 24T 29 A
ol SR AYR TPl e AU 2
Q79| Asfsh tha Aol YA A9l MR FFE vt

Yotk Kim KA (1996)2] Q7oA & AdsE
7F 115.8%, & An7lRE 120208 38 FAntee &
Aol =drha sl B AFdME et AvkRe]
A7beke]l 2w A AAdn], F3n] SYx
1R kol #A JERith

addition of different ratio of Roasted black sesame (unit: %)

Ratio of Glutinous rice . ) Glutinous black rice
Glutinous brown rice
black black sesame black sesame
black sesame gruels
sesame(%) gruels gruels
0 2530403 26.70+0,30° 26.40+1,00”
30 25.33+091" 27.60+0.10" 26454025
40 26.87+0.42" 27.454035" 27.10+0,17"
50 27 47+0.50" 28.65£0.25" 28.83+0.99"
60 27.00+0.30" 28,40+0 30" 29.2740.15"
F-value 1066 2447 13.12"

Da-d,

significance level by Duncan's multiple range test,

Means in a column by different superscripts are significantly different at 5%

p€0.05 “p(0.001 2) All

Value are Mean®SD of 3 replications

S 2 F 22 83 A A 297 A 5%(2013)

AT S =43 AF+= Table 102} 2t} L3
A0, FAE0), 3] ZYAS AR BE &
o] T/VEFE Attt aths % A, FAd
) EolAEe Aol rherl ~7wffz foldes 33
AL, FE] SRt T:HZ%(O%MW f
=4 et biks 593 A A 7”“3] 2%‘1}%
& e Whgol s foldow B vz, 3
AN S| qut 220w F7} AL ) SolFo

=t} Kim JS et al (1996)8] AAFollA] 7ie] dheko] Holz
2 HrE 7123191, A5 M= ZrleE Ans

Hohal 3Fa, Chang JO and Ryu HJ (1998)= =19 oj
21]?/1:0] u}o]_xv\i nh:g]_ 5]-1\111:‘— 71- o]—j_ X-]/\]JE7]_ _70;7}
T B3kt Lee EJ et al (20060)AToA = SAA}
o] A AAe Wmrb vtol Ego wE Hol7} YEREA
GE Aoz Ardy 9z, SUAEe Sadiel Al
of S gtel Reldoz P APE HYL
(0,000, b3k S SedApe] Aol FHAE Padhe
S BAou (p0.001) aghe frolHel zhelg HeolA ¢
gtta shgdet. 2 AFAE Kim JS et al (1996)9] A9}
Chang JO and Ryu HJ (1998)17-¢} A5 vu s o tha
o] zlolE= QAN H]=E AZFS B YA, Lee EJ et al (2006)
apeh AAE WTARS W bke UE AFE WY, of
= Zole) kel wet kel W AR A7te] A
7¢ agkd bikell s vAE AoR dAdHn

3) HAA, B=

we ZUA4E W PR FUAF, FAEN A4,
45w Foze] HHAAT FEE S4F 2 Table 10
3 gk A4 PEs S8 29 236 IAAES
A

ofe 4, BAAR] FeAE
3 kRel Aol S
el A el Fil

o] QAT Frol <

o SRl kgl Has

feldes Bl o

4) Texture =%

Be SU4E W AR FEEH, 350 FAAE
textureS =A% A= Table 113 Zth A% (hardness) S
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Table 10, Physical properties of black sesame gruels prepared with addition of different ratio of Roasted black sesame

. Sugar o
Ratio of Hunter's color value ront Spreadability
Type of gruels conten
black
sesame(%) L a b OBrix Spreadability(cm)
0 72.8240.64° -0.64+0.08™ 2.40+0,04° 11.5740.06" 8.3440.01""
Glutinous 30 31.14+0.20" 0.630.01? 1.3140,03" 10.63£0.25" 8.050,03™
rice black 40 20.08+0.24° 0.74+0,05” 146+0,01° 9.50+0,17° 7.900,03”
sesame d b b d C
gruels 50 27.16£0.50 0.8140.03 1.600.02 7.8340.15 6.90%0.10
60 26.78%0.10" 0.91+0.02° 1.66+0.02 6.3010.10° 6.8040.13¢
F-value 7730.3” 6504 13665.4 519.74" 14072
, 0 66.78+2.97" 20.8240.02° 3.2540.01° 9.50£0,20° 9.65+0.07°
Glutinous _ b b . . ~ b
brown rice 30 29.05+0.72 0.5810.01 1.4240.11 9.47+0.12 8.7510.03
black 40 275740.13 0.600.01" 1.43+0.04° 8.67+0.12° 8.65%0.03°
Sesalfle 50 26.45+0 47 0.66+0,02" 1.59+0,04” 7.3340,12° 7.97+0.02°
sHem 60 23.82+0,09° 0.70:£0,06" 1.54+0,02° 6.53+0.35' 7.88+0.02°
F-value 5085 1662.8~ 6424~ 12893" 540.06
. 0 25.89+0.31° 4324007 0.4610.04° 8.43+0.06” 6.3810.02°
Glutinous N b q 2 b
black rice 30 24.0910.88 2.6610.01 0.930.01 9.37+0.06 7.1340.02
black 40 24.0240.46° 2.34+0 01¢ 1.13+0.07° 8.0310.45™ 7.98+0.02°
Sesaflne 50 22.47£0.52° 2.11£0.09° 1.06£0.04 8304053 8.0240.02"
grueis 60 23 360,08 1.76:0,04¢ 1.38+0,01° 7 500.35¢ 7.05£0.07°
F-value 203 982.1" 2043 1145 661.23"

YMeans in a column by different superscripts are significantly different at 5% significance level by Duncan's multiple range test, Wp 0.01 mp 0,001

? Al Value are Mean®SD of 3 replications

Table 11, Texture characteristics of black sesame gruels prepared with addition of different ratio of Roasted black sesame

Properties
Ratio of . e )
Type of gruels black Hardness Cohesive Springiness Gumminess Chewiness
sesame (%) (Kgf) —ness (mm) (Kgf)
0 0.051£0,001™ 0.647+0.006° 0.8660,001*" 0.035+0.001" 0.261+0.010°
Glutinous rice black 30 0.050%0,002™ 0.81240.041" 0.92240.007° 0.038b0.001 0.31740.007"
sesame gruels 40 0.055%0.001° 0.86740,027° 0.939+0.015” 0.04240,001" 0.36420,049"
50 0.05240.002" 0.7190.010° 0.91840.008° 0.042+0.002" 0.34620,058"
60 0.04920.001¢ 0.93140,083" 0.95840.005" 0.05420.010" 0.318+0.040"
F-value 5.31* 17.60% 48 33%+ 8.26™ 3.05

0 0.048+0.001" 0.50620,065° 0.883+0.009° 0.024%0.003° 0.16120,025¢
Glutinous brown 30 0.049+0.003" 0.598+0.037" 0.91740.004° 0.03320.001¢ 0.234%0.001"
rice black sesame 40 0.05120,001° 0.68120,003" 0.94240.010° 0.03620,002™ 0.244%0.011"
gruels 50 0.048+0,001" 0.697+0.007" 0.959+0.009” 0.044+0,002° 0.293+0.030"
60 0.05120,001° 0.74310.036" 0.98140,002° 0.037+0.001" 0.2500,008"

F-value 323 18.86% 76.70" 42 30" 19.62#+
0 0.05420.001¢ 0.74620.010° 0.88240.005° 0.03920.001° 0.27320.001°
Glutinous black rice 30 0.05420.002° 0.80620.001™ 0.894%0.005° 0.04420.001° 0.298%0.003¢
40 0.05840.001" 0.869+£0.045" 0.90420,002° 0.050+0.001" 0.34120.002
Plack sesame gruels 5, 0.060£0,002" 092740086 0.93040.002° 0.048+0.001" 0,333+0,002"
60 0.064+0.001" 0.887+0.041° 0.969+0.005" 0.054+0.001° 0.374%0.,015"

F-value 2674w 6.80% 212,107 73,147 99,63+

Y*“Means in a column by different superscripts are significantly different at 5% significance level by Duncan's multiple range test, p{0.01  p<0.001

? All Value are Mean+SD of 3 replications
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Table 12, Sensory characteristics of black sesame gruels prepared with addition of different ratio of Roasted black sesame

Additional ratio of black sesame(%)

Type of gruels Sonsory F—value
0 40 50 60
Color 55500920 4671117 567154 873046 707153 27,14
Flavor 4331135 48010867 687074 8.67+0.82" 8.5310.52" 76,38+
Nutty taste 4274162 613t074° 7204086 8.80+0.56" 8.47+0.64° 54,96+
Glutinous rice black  Sweetness 673+209"  420£108 667172 8.60+0.83" 8404063 2453
sesame gruels Bitter taste 1334062 4474113 5.2040.77¢ 6.67+1.80° 8.53+0.52" 93,69
Fatty taste 1404051 4801108  513t141%  567t098" 8601051 106.96™*
Consistency 467H090°  59310.80° 5804126 8.87+0.35" 653245 19,82+
Overall preference  4.80£1.08°  6.13+1.13 6.33+1.54" 8.73%0.46" 7.00+1.81” 18,58
Color 4604140 4.67+1.40° 6801860  847+130°7  7.93+162° 20,78+
Flavor 34001060 513+119° 6731183 8530527  827+0.70° 52,96
Nuity taste 4.00£1.46° 4.87+136° 6.60+1.76" 8.67+0.49" 8.40+1.30" 35,82
Glutinous brown rice  Sweetness 7201 74 4.47+125° 6.33+1.80° 8.60+0.51° 8.20+0.77" 23,540
black sesame gruels ~ Bitter taste 1.5310,52° 6.00+1.41 5.60+0.99 6.07+1.44° 8.53%0.52" 85 84
Fatty taste 14740520 5404184 4674123 58741367 7.00£217 27 84
Consistency 5404267 5.53%1.55" 6.202.08 8.53%0,52" 8.20%1,52" 10,15
Overall preference 3205101 4731 44° 6531185 8.27+0.88" 7.07+1.03"
Color 3534083 5.20%157 8274070 8531052 6874074
Flavor 6.67H154"  573t103° 7200086  813t052%  7.07+059
Nutty taste 453+136°  5.80+1.42° 7274116 8.27+0.59" 8.13%0.99"
Glutinous black rice ~Sweetness 753+064"  507t158 733111 8.53+0.52" 8.00+0,65"
black sesame gruels  Bitter taste 2074070°  460H118° 6004125 660164 8531083
Fatty taste 18740520 5004125 567+140° 6474155 8.67+0.49"
Consistency 2871064 587t130°  653+213" 7204161 6.13+1.067
Overall preference ~ 3.87+1.19° 5731183 7.73%0.80° 8.33%0.49" 6.27+0.96° 35 420

Da-d

PAll Value are Mean+SD of 3 replications
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Means in a row by different superscripts are significantly different at 5% significance level by Duncan's multiple range test. mp 0.001
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