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Effect of Roasting Condition on the Physicochemical Properties of
Rice Flour and the Quality Characteristics of Tarakjuk

Gui-Chu Lee*, So-Jung Kim and Bong-Kyung Koh'
Department of Home Economics Education, Korea University
'Department of Food and Nutrition, Keimyung University

The physicochemical properties of rice flour roasted at various temperatures and times were analyzed, and the
quality characteristics of tarakjuk made from these roasted rice flours were investigated. As roasting temperature
and time increased, rice flour showed decreasing moisture, protein content, and glucose the major reducing sugar
of rice flour. Total amino acid content did not show any significant changes, but the amount of free amino acids
and individual amino acids, such as lysine, tryptophane, and tyrosine, decreased. A decrease in L value and
increases in a and b values from both roasted rice flour and farakjuk was observed. Reduced crystallinity and
gelatinization temperatures of roasted rice flour were investigated with X-ray diffractogram and DSC,
respectively. The thermal transitions between 100.6~127.6°C of tarakjuk by DSC are considered to be due to the
melting of amylose-lipid complex. As the roasting temperature and time of rice flours increased, tarakjuk showed
lower viscosity and higher spreadability. Sensory characteristics, such as nutty flavor, color intensity, and gritty
texture increased significantly. Tarakjuk made from rice flour roasted at 185°C for 25 min showed the highest
score on overall preference. From the above results, roasted rice flour produced more preferable tarakjuk than

nonroasted flour in terms of sensory quality.

Key words: roasting condition, physicochemical properties, rice flour, quality characteristics, tarakjuk
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Az wE § 27t 2WSH, 28 BeEe ol
Agslel NBEz 9 e ol BEEe 85 v
2YS W AEE EA ekt Aoz wgeioo, e,
o144, :914) vobrt oAU S SO el Fsa.
T BEEe A%5F stediE A adsl 48
Aol AzstaE 9)FAe) duke] A%el A 4 glon
2 Agsete} 22 AESNY AA /AT F Yok,
2 ATE WWIRE B o S4e Wl Hdake B
Y59 ZePYolE WAt Bexdde] Ban E
A5 o8 FFL vAE ado] N7 Jovz ¥E
TS AL gesel WIS Be F WAAR o
ety st BeEAY) ME el FAEHE AT
sl BetEel AESHE 9% 7128 ATATA Bt

M=

ARl AREEE WL 20013 8E YEH(19% amylose)
2A 248 iae 52X AEA9Fo 2Ry T
k. st S-F &SRSt 2EEAE, AFE)S NS
A FYsA

HAIIFo| Fx2|

W 1kgs M F 7iRste) ALolA 247 AR E
3027 Aol B E7E AAY T Wil B3 AF
£ ¥4 93 we T F £o= JIRE HBN w24 &
ATk FAAET HRINE 300 g2 V=Y H(28%X 35X 4 cm)
of Z2A HA EIARINEAFTNAAGAL, 3H5E)|A
40°CoNlA 5A17F Bt AZRAIZ] AR S 2T sk
Az A7tes BojgRA] gA FdIES A (355 um)S
Wl & F571 A 7k B%(-20°0) B3k

YIRS |2

ATAQ g§EF Az Al ARERE 2283 4487}
F5 47 A5ty AR G-I 402 4P ARE
21lemX ¥°] 4cm)ol Smm ©[3L2 gHA WA ZEA Eo}
A 5 I=2 3 T GEAZINA 145, 165, 185°CoIA zF
Zb 2583 4087 Bkt 1A17F Ao Hhxjsie] A7 &
A (180~355 pmyell el 213 Hldule] Yo AFo) o]4-5
7] A7A BF(=20°C) BA3Ah

HEIIRo| =2 g9l CHiE s

WA7LRe FETFS A7 5¢g8 HYH RS
(MB45, Ohaus, Switzerland)S ©]-&-3le] 33 W=
B2 et dAgae A8 1g8 o
471 (FP2000, Leco, USAYE ©]&3le & Axgdae =243
I AAaAT(5.958 3T S vddgo g Aadle] 3
3 JrEg & Haglow TAEgTh

t
d
of
i

HAT IRl EI2tZFo| Mz
#& H87IFe M= Color and color difference meter
(Chroma meter CR-300, Minolta, Tokyo, Japan)& A}8-3to]

L(EE), a M), b@UE) 7 33 98 23 ¥ Bag
< UERpoT) BREe AEE zed ¥ 302 B¢ AL
A9 4R F WATIRS Re PHow

uiso] e Y

WA7IE 10mgE 6N HCl &2 2M trifluoroacetic acid
(TEAYZ 100°CI 4A)7F 71ealiala, 715-5al 22 Speed-
Vac(Sarvant Instruments Inc., Holbrook, NY, USA)S A}&-3}
o AzxE d7x] FWEL 0.5 mL SF5ol BT 30
ULE # 3l pulsed ampermetric detection®] “42%E high pH
anion exchange chromatography(HPAEC-PAD)E ARg-3lo] 2
A3t AP 2 CarboPac PA1 column(4.5X 250
mm, Dionex, Sunnyvale, CA, USA)Z guard column(4.5X
50 mm)°] &2 " Bio-LC DX-300(Dionex, Sunnyvale, CA,
USAE AMg3lY =43t 99F+E 16mM NaOHZ 1
mL/min®] £%X%2 EE =3 pulsed electrochemical detector
(PED2)E 4 3luth Ad%AL E1=005V, t1=400ms;
E2=075V, 2=200ms; and E3=-0.15V, 13 =400 ms®| A
S n, online chromatography software, AI-450(Dionex,
Sunnyvale, CA, USA)E E2A3}ch.

HU7IFe| oiojcit 24

A71F 0.52-0.86 mgE Pico-Tag workstationo|A4] 6 N HCl
Z A 110°CoA 2447 7FE30 3. Cyseine £4-&
$3H= peroxidation A7l ¥ HCIZ 7F-E-3dtgom,
tryptophane 498 34+ methanesulfonic acid® 7+
siatairt. 7hritalE obv|i=AkS PITC(phenylisothiocyanate)
E A3t fEAE THEL, AEE 98 AxE £ 14
mM NaHAc, 0.1% TEA, 6% CH,CN E3&(pH 6.1)
1000 uLoll 83189 th. Microcentrifugedt ¥ A5dS st
o] HPLC(Hewlett Packard 1100 Series)S ARE-3}o] 321811
. FEobu| =t BHL AFE JprReEA] ¥R ol
AT T e R B3I

ANE 9 FFEA FYFe zhz 30uLet 4puloldich
HPLC #4-2 Pico-tag column(3.9X300 mm)2 AR&-3l] &
Her 46°ColA 1.4mM NaHAc, 0.1% TEA, 6% CH,CN
S48 pH 6.1)F AMEst &&3T §&9 AEE UV
AENZ 254 mmels 2E2ERL™ flow rater= 1.0 mL/min
o] At}

A7t X-MIEE

Be2x9 Agte] ThE WHAVIRY 3)HFEL Xray
diffractometer(X’pert-APD, Philips, USA)S A}83l4] target:
Cu-Ko, filter: Ni, voltage: 35kV, current: 25 mA2] Z7ol
A FHT=(20) 5~60° WA SEAA B4R B
=9 XA s gHES 5E U Z(Freeze dryer, 11 Sin,
Korea)3t th2 Z25le] #)(180~355 um)ell 31 & EAsigich.

DSCOl olgt 585y

5 WAt 4 gEs9 33542 ARAIEFH]
(DSC, Seiko Instrument, DSC 6100, Chiba, Japan)& A}8-3}
o ZA3Y k. ¢FrlF H(Seiko Instrument, Chiba, Japan)
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el AE 2mge €2 dAgdY] Rk 8097 HEE
3 24 UEsle] e sF w akxgk

sl m o|ZHE AL DSC thermogram’} 2B HE F 3

25(To), HNZILE(Tp), THFZ LY (Tm) 2 dg=
(AH)E =339 o] o indium¥® ting ARSI 2%
gy e A

Elgt=el H=

HsH7HE Hg BEE AR A A8 wig] & o)
HAES Fato] WATFE 9-Fo] vighES 109 (wiw)7t
HEE 59 BEEY 825 s DSC &3 93 1
7159 TIEA(Table 5)C2REH hx1Y H3sers
7o SIGith ol2HE FE WAILE 15¢2 400 mL W
Aol Wi 7 150 g& 7H8le] & Aol B4R o 5
2F Aol WA WAV EFEe] ©@7l HA
€ water bathol] ¥2 % IYEZ IAHF
Lab stirrer(MS-3030, Tops, Korea)& “I3|3l5L impellers: 3L
At water bathollA E}EFSS Ao FHA Zo] YRLex
7t 69°C7F HXE water bath 252 2H3 T, =
A (speed 6), 2087+ WEEAl(speed 8) A o)FHA] & 30
B 7t 98 58 A 05g8 A7
3 3 EEgse dAdskdh

Elgt=ol Hx

B dxe 2E F £ FHE 9] gske vA
o] AHE duFIYRE Wi Ao WAEe Fo] 2127}
60°C7} =%1-2 o Brookfield digital viscometer(Model DV-
I+. Brookfield Engineering, USA)E ©]-&3lo] &4 4t}
Small sample adaptor(SSA, Brookfield Engineering, USA)]
oF 8g9] AIEE ol A¥E No. S21(Model RVT), 3|A&
5 0S5mpmelA oF 122 A § HEE 33 uiE &

gote] Hapo g vEpich

Elztze| mEAM

Bl =0 HAAL line spread charts: ARSI TH 60°C
2 A8 AME 20g2 95HEFE 3emxX =] 45cm)e] A
2 B3 18] Ad F AES Bo] 2 &7 HAEE
g, 47d) B9olM H3 AZlE A%l Hape T
=

Table 1. Moisture and protein contents” of reasted rice flours
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FE FEE ST E5271d o geEEe dddE 9t
) 2 FEg 9] flete] vlAe] ARE dulesd

3L AoA] WA, 75 EEREe] BT AHW
o s 3 £xE AT AR oF 30 ¢4
okt AAL A water bathollA 60°CE A RE Hle ¥
complete block experimental design® = 3+ Algo] HETE
Zolsle] 75379 A8 BEFE S ArREE AlRE Al
AlEG Tt o) s AEL AR A 33 wHE-slgTh

e

RE #4233 iadgesion dddse) A4
< SAS B Z2aH00L o)gste Hitd REUAE

-~ —

Ozre $AAEE WE7IEE 40°CoA] 5A17E AFRA|
71 Aoz FEIFS 11.08%C1ATHTable 1). thET =2
74252 A SolA Smm a7t HES A HA Sz
71141 145, 165, 185°CllA bzt 25, 4087 EtE of
o259} AZho] FUshel| mEtd WAV FEFEe
AAEGH oW 165°CA 40874 185°CollA] H& w7
= SR FeslA Fgith 2owEe vl Aol gl
Ax7F 2 e, dNAFFLS dmTe 129 7.13%
g vehfilov 53 F gasidlen EEAgE ¢
AEE ol 185°CHA 258 #e PA7IRe] A
| 7.04%24 AR 7P =T

Ayastse 5L S BEHY F FEEES 9
2 st ot Ak fo2¢ AolE YehlA] &
shtky &9l o, Giami 5Y"& o}ZE 7} breadfruit TAE
e A4 T rugus duddgel foyor 7rast
ATk 3k

f

-~

ity
lo

Roasting temp (°C) Roasting time (min) Moisture (%) Protein (N°X5.95) (%, dry basis)

Control 11.08 (0.09) 7.13 (0.01)f

145 25 047 (0.12)° 6.52 (0.05)°

40 0.25 (0.08)° 6.58 (0.00)°

165 25 0.38 (0.07>* 6.89 (0.04)°

40 0.00¢ 6.97 (0.06)°

25 0.00° 7.04 (0.04)

185 40 0.00° 6.92 (0.02)°

YValues are means (standard deviation) of three experiments. Means with different letters within the same column are significantly different at

p<0.01.
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Table 2. L, a and b values” of roasted rice flour and tarakjuk

. Color
Roasting temp (°C) Roasting time (min) " b
Rice flour
Control 99.90 (0.54)* 4.19 (0.04)° 11.00 (0.15)
145 25 99,76 (0.31)* 391 (0.04)f 13.06 (0.31)°
40 99.97 (0.10)* 3.99 (0.03)° 13.43 (0.34)
165 25 98.73 (0.25)° 403 (0.03y 14.84 (0.15)¢
40 97.68 (0.51)° 4.32 (0.07) 16.57 (0.27)°
185 25 95.64 (0.66)° 4,84 (0.02)° 19.45 (0.21)°
40 93.97 (1.55)° 5.78 (0.32)" 22.60 (0.74%
Tarakjuk
Control 92.73 (0.74) 0.36 (0.04)% 19.40 (1.24)®
145 25 93.41 (0.06)* 0.68 (0.05)f 16.10 (0.10)
40 92.81 (0.76) 1.08 (0.03)° 17.68 (0.03y
165 25 90.92 (0.75)° 1.81 (0.05)° 18.24 (0.03)¢
40 88.64 (0.64)° 1.95 (0.03)° 18.96 (0.25)°
185 25 90.49 (0.27)° 3.28 (0.03)° 19.58 (0.08)°
40 87.14 (0.12)% 4.26 (0.06)* 21.61 (0.07)*

YValues are means (standard deviation) of three experiments. Means with different letters within the same column are significantly different at

p<0.01.
HAUT T2t EIgtze| AT

e AT AArtE FHe AZ2e 8qho g Egen
AlZkel F7Ht ) A =2 AES 28a g Ao
2 ALY ESx4d e WavtE g gEkEe L3,
at, bakS S8 A= Table 29} ) WA WRIIR
A MAEE JEpE Lk 145°ColA 4027 E &
oAl zlolg vERA] gktont ol% fojHom 7rad)
o] 185°CollA 4087+ E8-A) 93372 vehlglch 8 A4
TE Uehe afle 419914 578, FA=E YERE b
S 11.00004 22,6002 Z7Fetgin). Be2xAd wea Lzt
o] Zae FTEARE A6, N0 ey T L
%M Aasvke 7159 A et AAEH L Maillard

Whgol) ofsk Zlo 2 Azie ezt

e ESx71e] OE ggvtRe /5 Yo =% B
gzo] ML BOoowol Azlo] Zylate] ulEia <t
o] Fap m2AgEA il 7‘%‘ o2 ALY, e
%9 L3, agh, bake WAVEEel 22 AT JERiET,
L35 145°ColA 40E7HA = f-ol9l Alolg JERiA)
kot olF fojFom 7aste 185°ColA 4087 B2
HAZLER e BESe] Lk 87.148 JEhdch @
aZh2 036014 42602, b 1940004 21618 474 =
7Velatt. BEEe] Lake WaviER wokesd ole el
=9 7MEHE F R 2R JlE Aoz Az,

Tajetel w5}

2oz

e 2 @Ake AT HslE 243 43
 Table 33 Zt} 279 PGS AEYS 7|F
4 glucose”’t 81.5%% T8 FAHES o|F3en, xyloser}
0.14%, arabinose®} galctose’} A% ® 74z} 0.09%%} 0.05%
& Yedd Fa 7D glucose FHLS EL23 =
T Hels JehlA] gdon) dutdo g gizxFHn 7+

L%
1k

Adks Aol =3 xylose, arabinose, galctose®] 3%
k) Ao = YehyTt

T& A= 1681‘4 o 3 W AZxGA
e F717t H&%Hl FRo) e o JMEE AFY &%
7h100°C oldeR &8 2 & glout HEel iR 57}
B dextrin®] 7HEINE doF)7)7)o FES] &

WA Sl e B i) st AEY 2EE 7}%'
2x= F7tEEY o gAd 1—& AR-e] 7hpidle Yol
U] o dbA, Maillard ¥H3-5571 S7ste] Az} o)
o] AT} 37 Yo 4}5\_3 Z e, o] O
ngRe] By 3 EHEX)de S9gdEe] Ha
9ot 1 o= EW 7t Ed, ol Hexrld
= fER oA BTl Ma111ard ‘?}v"ﬂ 4010}04 2R

Tlo

i

Ir

Bl ;;5’-‘%0] FEs =M *@’“El‘: F& E‘r°l *F—El
T §9% R @) gEelHa s

ezl e jariee opnl=qke] Wsle Table 49
2k FopumAt FFE FEI 2=t AZbo] FFRe wet

Table 3. Component sugars of roasted rice flour (%, dry basis)

Roasting Roasting Glucose

temp (°C) time (min) Xylose‘ Arabinose Galactose

Control 815 0.14 0.09 0.05
145 25 61.9 0.10 0.07 0.03
40 70.4 0.14 0.07 0.04

165 25 76.0 0.11 0.07 0.03
40 65.2 0.11 0.07 0.04

25 61.8 0.12 0.07 0.04

185 40 71.6 0.12 0.09 0.04
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Table 4. Total and free amino acid contents of roasted rice flour (mg/100 g)
Roasting temperature
) . 145°C i165°C 185°C
Amino acid Control
. Roasting time (min)
25 40 25 40 25 40
CYAY 180 130 140 270 80 240 170
ASX? 260 210 188 490 121 413 277
GLX? 572 470 424 1011 255 918 659
SER 132 96 72 184 48 172 131
GLY 177 130 93 252 63 243 189
HIS 98 69 74 109 33 126 116
ARG 137 103 109 209 52 204 207
THR 105 75 43 145 37 133 105
ALA 214 164 198 329 82 305 216
PRO 191 134 144 256 65 256 211
TYR 59 22 17 21 4 30 31
VAL 234 163 161 330 96 311 254
MET 43 26 31 76 28 79 54
ILE 155 97 104 242 74 215 155
LEU 285 179 185 460 134 417 294
PHE 143 79 79 232 67 202 147
TRP 26 24 30 19 5 19 13
LYS 51 19 26 56 19 51 36
Free® amino acids 11.89(1348) 12.70(12.76) 7.55(71.57) 12.08 (12.12)  11.69 (11.69) 7.70 (7.70) 7.03 (7.03)
Total® amino acids 3060 (3469) 2193 (2203) 2120 (2125) 4692 (4709) 1265 (1265) 4333 (4333) 3262 (3262)

PCYA means the sum of cysteine and cysteic acid.

PASX and GLX mean the sum of asparagine and aspartic acid, and glutamine and glutamic acid, respectively.

*Total and free amino acids in parenthesis means dry basis.

A Z1ETF 1265~4709 mg/100 g= VRl om, 2oaby =
T Wsks JepiiA] kgt opu) stz A glutamine)
glutamic acid”} 71 F%2W asparagine™ aspartic acid,
leucine, valine, alanine, “Z2]3L cysteine3} cystine T°] F&
AEL ]R3 tryptophaneo] AlFtojm|imato g vglyit).
W epobminat B HjEgrolu At TR HE 2ol A
Zrol F7ietel wEka FEg WstE UEpdA] ko,
lysine, tryptophan, tyrosine &7} ZAEZ 57.36 mg/100
2, 29.23mg/100 g, 66.35 mg/100 gollA #2374 = 7+43lo]
185°CellA 408 H5 Aol AED 742 36 mg/100g, 13
mg/100 g, 31 mg/100 g& VRN, ¥HA Ffejoln| At 3t
Fe et Aol FUKge] mEps] dnbA oz ZhA
sto], BT FRElobr| At ke 7EY 1348 mg/100 g
X 185°CA 4087 e WA/FEE 7.03 mg/100 g2
Ehfio] 47.85% #asigith FfRElob|mat ke e
ME el oh=At FEkel A2 UElder, f2] cysteine
3} cysteic acid, phenylalanine tryptophane, lysine& 7%= A
3t tHdata HIAA)).
ESHY T &<t o3 sigvtRe] w2283 M43
< LEk(Table 2)0 258 & A7 ARES BE270A
Adinh-o] @ol askA] 3 o= Jepded], oy
P Aibs e AS TMEREsE A4 AU dEgAITEe)
A7 o™ Maillard ¥Hg-9] Z71@A0M e M43 gnje
A glol @A lysine FETH AT ¢ AFAHe) A

2 A, Glucose T FHA(Table 3)9 lysine, tryp-
tophan, tyrosine 3F#9] 7rix(Table HEHRE o|E o] F
BH 02 Maillard ¥H-80) FoAd Ao AzyE ol o
Ak 1 FR{o] el Maillard BHS-Ol 2% AR} o
2r AAE PEE 7] OE A4S vUeille ZloE
Baog v ol

Boad Z opmxeAtelE) wisl) digk Ad+E HY, $w
A zg Heu|e) Fobu|Ab TERE 150~220°C] SEoA]
2oowy) g wel #A3 7FAsHoew, 53] thre-

5o o] ELg T FomxAt k] syt gl
ol olmpE pufol Maillard WSO tigh A& &3t
Aol 7]olgttial stk HEg njs RS e FhRElofu| =
2b e 180°ColA 8E7 HE Al BEAIke] FTHgtel
wt 92.1% ZrAsem?, 3k Agunbiade %P2 yam-
beang 160°ColA] 3047t #3kS W lysine Tdol 8% 74
stttk skt whE, Ozdemir @2 hazelnut £-2-3H%
% EFZFo) wEhA 104°CoM 308 126°COlM 458 FE
Al methionine TF0] Z}7} 154%, 183% SV sHAthal 1L
o 116°CollA 3087+ 5 Alo= histidine?} phenylalanine
Shgo] Zvle BT Uk B3 Ayaste®= stove $1olA]
SEFE 120~130°CY) =2 w7A] BE 3 F oRR
¢] ofmmate] 7+4319 21} methionine, proline, arginine2
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Fig. 1. X-ray diffractogram of rice flours with the different
roasting conditions and farakjuk which was cooked at 69°C and
30 min with the rice flour roasted at 185°C for 25 min.

Z}7t 36%, 15%, 0.64% =7}t Thal sk

HAIR e XMEE=

FeRdel mE WAV AR XHIJHEEE Fig 17
2}, 40°ColM AxF iz SAEAE(26) 1546, 181 2
2302014 73 peakE WEo] e FFAMAH FFH
A A% ZA patterns VERAAT. 8y AdREe
739 20%t°] 16-19°Aole] BET FHS) peakE YEhiEH
Hste], x4 XA dees T peak’t HESIA ¢
A vehd 40°CollA 5K AxAE7 AR 44
TS F= AR YA B2 wE PAke A
e XAgdee dz7e ARy BEeset Az
o] S7gtell wEbA peak’t HEIA &gkeH, 2719 A=
& fhshes Aoz veht AR ARl AAd e

AztAT, AR AAAL oFUATR Y EAste
amylopectin E&}e] Z Aol FiEol o3 AHEH o]E o]
ZFUATZIY lamellar FGo2 ZAA g5k, 2449 &
TE ARAENLAE o2 e o)FATRY ¥, 2A
Aol 371 % amylose FFol <3 IFE L=, d9
A5H7KTable 7)0 &l AI3=7 7H B& ASE Yg
W 185°CollA 2587 B WAVIRE e EHEEe XA
3AEE broad peakES UER ] WAVIR HEo] APHE

HAHEEE T 5 9k

HylR HEe 55

Hoapge AR sslEAd d3E viXe Ao
Uehged, 279 3T LS (Tpe 6243°ColAon,
Boow7l 145 165 185°CE Z7igel weh 60.37, 59.10,
56.50°CZ 7z} F&gigich. a2y FA17k] WM 5
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Table 5. Differential scanning calorimetry characteristics of rice flour” with different roasting condition and farakjuk®

Roasting temp (°C)  Roasting time (min) To (°C) Tp (°C) Tc (°C) AH (V/g)
Control 10 55.70 (0.10) 62.43 (031) 69.07 (0.40) 11.25 (043)

145 25 53.50 (0.20) 60.37 (0.45) 67.00 (0.62) 8.64 (0.01)

40 53.43(0.15) 60.93 (0.40) 68.43 (0.55) 937 (0.24)

65 25 50.73 (0.35) 59.10 (0.36) 67.77 (0.45) 10.95 (0.33)

40 51.87 (0.15) 58.90 (0.44) 67.20 (0.66) 10.00 (0.41)

185 25 49.57 (021) 56.50 (0.30) 65.73 (0.57) 1170 (0.12)

40 45.80 (0.10) 56.59 (0.36) 67.60 (0.56) 10.31 (0.54)

Tarakjuk 100.6 (0.30) 1114 (3.50) 127.6 (2.20) 10.34 (0.21)

UTo, Tp, Tc are onset, peak, completion temperatures and AH is transition enthalpy for gelatinization, respectively. Values are means (standard

deviation) of three experiments.

DTarakjuk was cooked at 69°C for 30 min with the rice flour roasted at 185°C for 25 min. Values are transition temperatures and transition enthalpy

for amylose-lipid complex, respectively.
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Table 7. Sensory characteristics” of tarakjuk
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Table 6. Viscosity and spreadability? of tarakjuk with the
different roasting temperature and time

Roasting temp ~ Roasting time Viscosity Spreadability
§®) (min) (cP) (cm)

Control 4821.3 (84.0F  3.03(1.19)*

145 25 2481.3 (47.9)  3.20 (0.08)°

40 2558.8 (482  3.15(0.24)°

165 25 3303.8(29.5  2.78 (0.17F

40 2293.8 (34.3¢  2.95(Q.17)*

185 25 1366.3 (77.5°  3.03 (0.05)®

40 1270.0 (35.6y  3.53(0.19¢

YValues are means (standard deviation) of 4 replicates. Means with
different letters within the same column are significantly different at
p<0.05.

64602 gte] Zw7t vl Aesiach eiEEe Az2-e 1)
Z77F 1450190 Beewol A 7Vl WA &
2 (p<0.0DCZ F718H] 185°ColA 4087 He A E
2 TE gEEe) Mze 73800tk A5HEI oF et
o) Az MuAZ 249 Lghe] st o, bgke] F
7HTable 2)°t Xshe A e

ElgtEe] Azs w4 oo 9% FE 58 8902 W
A7}2e] Beay F Aol Maillard HHEO2 A7 o)
Ak, & Aol ARSS FeRAdA e WE7FRY L3kol
185°Co A 40%7F ¥ Al diR2TET oF 6% s, 2
HAEsE 22 %S ZAow yehgth 3 F oluinite
F13 HEE YA gkou AE olneit FelA
lysines} tryptophan, tyrosine ¥ ZAastSisL, F-frfofd]
A B 9 WA 2ol o FAFOl glucose IS B
S & dukdg oz 7hAdled(Table 4) ©18 AR-<] Maillard
Hhgol #ojet Aoz At ¥ R Hrkw e
9] 743 gt A7 3 Fa3 a%le] Avia Q7tE
SE=3

DSC &4l 93] Bg2me Algke] F7i5te) wepa
A7rE R Aol Zaslal(Figl) EAFEAAM 7L YolA]
= AR veistevk(Table 5), BFEFE2] Al L7golet
e FZe golglg e AFE ERT7E 140013001
Bo2w 9l Nze] Z7gtel wil §93 (p<0.0)2E F7}
st} 185°ColA 4087 H& AVIFEE o83 ARE 631
< Uk ole e SR solr HERD AE
9x2]7} transglycosidations E319] A2 A E2E

71|
A 4

Roast(lorg;) temp Roaitﬁﬁ)tlme Color* Gritty** Viscosity* g;lte - g;é:;:gnzg
Control 1.45%(1.43) 1.40° (0.44) 567 (2.04) 3.70%(2.34) 3.80° (2.72)
145 25 2.63°(0.78) 3.68(1.52) 5.65" (1.83) 4.35% (2.10) 4,894 (2.20)

40 2.90° (0.59) 4.51°(1.94) 5.79* (2.12) 4.46% (1.61) 5.00% (1.70)

165 25 4.277(2.39) 5.18%(1.80) 5.97* (1.89) 4.79° (1.65) 5.08% (1.70)

40 4.71°(2.43) 5.21°(1.70) 4.53°(1.32) 4.88% (1.25) 5.20°(141)

185 25 6.32°(0.77) 5.56° (1.90) 4.33%(1.71) 5.76" (2.07) 7.06% (2.36)

40 7.38%(0.89) 6.31* (242) 3.48°(2.30) 6.46* (2.73) 6.56° (2.66)

YValues are means (standard deviation) of three experiments. Means with different letters within the same column are significantly different.

#p<0.05, **p<0.01.
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