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Abstract

This study was performed to verify the possibility of manufacturing a germinated aromatic rice tea, which was
roasted at 200, 250, and 300°C each for 10, 20, and 30 min. The roasted aromatic rice was analysed physicochemical
propetties, sensory characteristics and aromatic compounds. The total polyphenol content and DPPH radical scavenging
activities of the germinated aromatic rice increased as the roasting temperature and time increased. Total soluble
solid contents, turbidity and browning index of the germinated aromatic rice tea also increased was the roasting
temperature and roasting time increased. The pH did not change by roasting. The main aromatic components in
roasted germinated aromatic rice tea were 2-methyl butanal, 3-methyl butanal, benzaldehyde and nonanal, which
increased according to increasing temperature and time. However, those favorable aroma components were decreased
at more than 300C of roasting temperature. In addition, methyl benzene, pentanol were increased which affect odor
aroma. The sensory score of germinated aromatic rice tea also increased with high roasting temperature and time.
However, aromatic rice roasted at a higher temperature (300°C) showed lower sensory score. Therefore roasting temperature
and time must be controlled for manufactureing high quality of germinated aromatic rice tea, and the optimun roasting
conditions were 250C and 30 min, which provide best physicochemical characteristics of aromatic rice tea.
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Table 1. Conditions of GCXGC-TOF/MS for determination of
germinated aromatic rice

Agilent 6890 N gas chromatograph

Injection Splitless
Injector temp 200C
GCc  Carrier gas He, 1.2 mL/min
Rtx-5 MS (30 mx0.25 mmx0.25 um)
Colurmn Rxi-17 Sil MS (1.5 mx0.15 mmx0.15 um)

40°C (2 min) -4C/min-160°C (0 min)
-10°C/min - 280°C (5 min)

Waters Micromass GCT Premier time-of-flight (TOF) mass spectrometer

Temp. program

Acquisition delay 180 sec
Mass range 35~600 u
TOFMS Acquisition rate 10 spectra/sec
Detector voltage 1850 V
Electron energy 70 eV

Ton source temperature 200 °C
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Table 2. Hunter’s color values of germinated aromatic rice under
various manufacturing conditions

Color value
Redness (a)  Yellowness (b)

Roasting ~ Roasting
temperature (C) time (min) Lightness (L)

Unroasted 0 7222:101™?  198+008"  2224+1.06™
10 71.09+0.34" 1894025 20244061

200 20 69.06:0.73%  379+0.17%  22.80:0.71%
30 64.444070C  6.10:007"  23.13:035%

10 55.99+0.84%  783021*  18.18+2.76™

250 20 50.62¢1.68%  591:052®  1038+195%
30 45344013 4564040 5074055

10 43744090 5344026 647147

300 20 38.89+041™  1.80+021%  2.72+0.60%
30 37074076°  153+0.14™  1.84+0.50"C

Values are meansSD of triplicate determinations.
"Different superscripts within the whole column (a-j, all groups) and each column
(A-C, roasting temperature groups) indicate significant differences (p<0.05).
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Table 3. Total polyphenol contents and DPPH radical scavenging
ability (RSA) of germinated aromatic rice with different roasting
temperatures and time

Roasting Roasting Polyphenols DPPH radical
temperature (C) time (min) (mg GAEfg) scavenging ability (%)
Unroasted 0 0.900.13744 4.66+0.89*

10 1.5820.04° 6.05+0.68°
200 20 2.03+027% 9,780,632
30 2.37+0.02 117340584
10 1.69+0.03 6.980.19°
250 20 2.57+0,08"" 10.68+1.21*®
30 328+0.14" 13224053
10 191£0.35%¢ 12.62+1.59%€
300 20 2,830,020 13.440,58"
30 34340,14% 16.64+0,65

GAE galic acid equivalents.

Values are meansSD of triplicate determinations.

“Different superscripts within the whole column (a-g, all groups) and each column
(A-C, roasting temperature groups) indicate significant differences (p<0.05).
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Table 4. Effects of roasting conditions on the aroma components
of germinated aromatic rice with different roasting temperatures
and time

(unit: peak area/10,000)

N Compound Unoasted 200" 250 300
1 1871 Iso-butyraldehyde 14939 12539 16269 6826
2 1971 3-Methyl butanal 1646 13966 10900 2348
3 2045 2-Methyl butanal 1272 28570  402.12 18823
4 2343 Pentanal LI75.11 196978 335875 262340
53007 2-Methyl-3-pentanone 000 14418 3815 3041
6 3223 Methyl benzene 000 347 708 857
7 3246 Pentanol 000 10358 50636  590.03
8 3742 Hexanal 05725 2,14084 901553 692052
9 5732 Heptanal 0.00 8052 10974 9047
10 7068 Benzaldehyde 0.00 869 8743 11939
11 7725 2-Pentyl Furan 7103 28829 73788 7233
12 8029 Octanal 709 1238 5318 7132
13 10286 Nonanal 41997 80379 14636 10724
14 1852.3 Butylated hydroxytoluene 000 4976 7299 14621
15 1990.1 2-Methylpropanoic acid 1127 7931 R47 821

16 22420 6,10,14-Trimethyl-2-pentadecanone 000 1828 11.04 1116

"Roasting temperature (C).
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Table 5. Browning degree, turbidity, soluble solid, and pH of germinated aromatic rice tea prepared by roasting
Roasting Roasting Browning Turbidity Soluble solid
temperature (C) fime (min) degree (A420) (AG00) (%) pH
10 0.013£0.00"% 0.10120.01° 0.17£0.02"® 761001
200 20 0.02120.00™ 0.118£0.00°® 022:0.03™ 7.70£0.01®
30 0.022£0.00™ 0.137£0.01* 0240,01* 7.780.00™
10 0.021:0.00"® 0.182£0.01% 0.17£0.01® 7.580.01°
250 20 0.02120.00™ 0.23540.01® 0.28+0.01™* 7614002
30 0.037+0.00°* 0.294+0,01% 0.30+0.04™ 7.68+0.01%
10 0.023+0.00% 0.178+0.01 0.22+0.01 7754001
300 20 0.0310.00" 0.288+0.01 0.3120.04™ 7.780.01"
30 0.0760.00** 0.363:0.03"* 040001 7824001

Values are meanstSD of triplicate determinations.

"Different superscripts within the whole column (a-f, all groups) and each column (A-C, roasting temperature groups) indicate significant differences (p<0.05).

Table 6. Sensory properties of germinated aromatic rice tea prepared by roasting

Roasting( Eg;lperamre Roas(t;irrﬁ )time Color Flavor Taste Burnt smell Overall acceptance
10 2.08:0.86""” 2.92:1.04% 285099 1.15£038" 2.92+1.12"™*
200 20 215080 277£1.09% 262096™* 1.31£0.63** 2.92+0.95™*
30 2230.93% 3.00£091™* 3.0840.86™* 1.380.77° 3.00£1.00™
10 223+0.73% 3.08+0.95™° 3.08+0.64™* 1.624096"" 323+0.93™
250 20 2924076 377+0.73™ 3.62+0.77 2.15£0.99°® 346£0.78™
30 3.46+0.88"* 3.92+0.76" 3.54+0,88™ 3.00+1.08" 3.77+0.60"
10 338+0.87"" 3,620,774 3.38+0.65™* 2.92+1.44"® 3.54+0,88™
300 20 4.00£091™° 338+1.50"™* 2854107 323:1.54™° 2.69+1.18"®
30 4.460.66" 285£121* 2.691.60™* 423£1.01" 2.15£1.07%

"Values are means+SD.

"Different superscripts within the whole column (a-c, all groups) and each column (A-B, roasting temperature groups) indicate significant differences (p<0.05).



678

UERAloH, 5 257t FokA 3L {5 AlRte] Zold
2 715w} @,%s}o% 300C-30%7F Fra ATl Al
44607 71} 2o I seE oﬂu} olelet A3 g
Tl e 7““§} 22| A% Aoz y7tH
™, Lee 5(29)°] F& A2l w} ‘OP t‘%XH AT A =
%u 'Q‘E7}' =al 111:! ] ] %/\ﬂoﬂ Tﬂiﬂ- 7]§‘_I\:—7l’
Eobd & A7 22 4% ‘/}F/M‘”D}

e Al e] 75 300C1 i ]*0/] e 22 A TellA
= %‘é‘f\ﬂﬂ A Nswrt Aadte A e YeERITH
T8k 3 o} eie) B Bishe A% v
Jgew, 53] 3000208 E = FAsH gho] S7kse]
3001C-30%7F - A2 ol A 42322 YeRTh Seo &
ERR R E I e R B
%3 A/d =] += polycyclic aromatic hydrocarbons$} 22 =}
S Fe Uehlle A= AlFe] Bt g d3F=
Zo] 7|35 7449} 37 kS ol ety Boaateth

52)124 71 = tﬂ-o]_ zﬂcu]/] LR ‘__1_7} 1-:.94:% %T:T

Azbe] Aol A4E ol AE el gent 30
S} Skaked A9 vk

% et £400e] 2 ol 4
5 3 o ghaAelA) e A
= e 250 0te] ok el B o A7
i} = gzrEc

o
Rl =

grle] g8 S-S Hste] ol gu|AE A% 3
om ES 2rol Ho A7t wtE o} g Bl gkm]x}e]
FAEALS A8 ol gl Aw F HEE He
27t BEFE B ARl 37ESE gasiion,
AT} AT = 20} A7t vt FrtskeE 74
S H9 o, 250TC-20% o] dolA &= o} &n|r} eslrt
Joju} gho] ZFAelSin). ol gmate] ANE g 718
d nE e e 29} ARt SIS Sk
7deke eIt ol gmle] & ZEl¥E 9 DPPH
gz AA A 13 FS 2o =255 1B Al

‘o

7101@-—?% T7]' sttt ol )] 7] AL He

Aol webs] HdAA el Srhste A YEe
Uﬂ hexanal, heptanal, benzaldehyde <] F3F 3-& W&
245 Adsto ‘”O]’ gmate] #eA EHE S7MANZL
1}, 300C ©]/de] &2 &=l A= methyl benzene, pentanol
59 240 &S Yeille 24 AT 715% F7telA
EE 3 2RdA 7350t st AE Btk T
g ate] Ve EE g 229 AlTte] 7 wleba
Ael] ek 71327k 578k, 300°C-108 o] 2] 23104
= ol gn|e] g3tz Qlate] 3, vt 34 715 =rt

[o

[¢]

~

A23d A55 (2016)

A% e Yehfe] 250C 30—#0] o} El:U]z]-_/] L]
zog AP zloz Vet

ZAe 2
= ATE 20159 % 2T ARG EHAM &
PJ011647)2] A1 Aol o3l AFE]lem, ofof 7+ }
=Huyth
References

1. Milner JA (1999) Functional foods and health promotion.
J Nutr, 129, 1395-1397

2. Lee NY, Ha KY (2015) Quality characteristics of frozen
cookie dough using rice flour of super yield Korean rice
varieties. Korean J Food Preserv, 22, 63-69

3. Lee YR, Kim JY, Woo KS, Hwang IG, Kim KH, Kim
KJ, Kim JH, Jeong HS (2007) Changes in the chemical
and functional components of Korean rough rice before
and after germination. Food Sci Biotechnol, 16,
1006-1010

4. Choi HC (2002) Current status and perspectives in
varietal improvement of rice cultivars for high-quality
and value-added products. Korean J Crop Sci, 47, 15-32

5. Han HM, Cho JH, Koh BK (2012) Effect of grinding
method on flour quality in different rice cultivars. J
Korean Soc Food Sci Nutr, 41, 1596-1602

6. Shin PG, Chang AC, Hong SC, Lee KS, Lee KH, Lee
YB (2008) Changes of rice storage proteins affected by
dry and storage temperature. Korean J Environ Agric,
27, 456-459

7. Son JR, Kim JH, Lee JI, Youn YH, Kim JK, Hwang
HG, Moon HP (2002) Trend and further research of rice
quality evaluation. Korean J Crop Sci, 47, 33-54

8. De Kimpe NG, Stevens CV, Keppens MA (1993)
Synthesis of 2-acetyl-1-pyrroline, the principal rice flavor
component. J Agric Food Chem, 41, 1458-1461

9. Kim CY, Lee JC, Kim YH, Pyon JY, Lee SG (1999)
Volatile flavor components of scent, colored, and
common rice cultivars in Korea. Korean J Crop Sci, 44,
181-185

10. Lee GD, Yoon SR, Kim JO, Hur SS, Seo KI (2004)
Monitoring on the tea with steaming and drying process
of germinated buckwheat. J Korean Soc Food Sci Nutr,
33, 212-217



11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Effect of roasting conditions on aromatic compounds and physicochemical characteristics of germinated aromatic rice tea

Saklar S, Ungan S, Katnas S (2003) Microstructural
changes in hazel-nuts during roasting. Food Res Int, 36,
19-23

Park MH, Kim KC, Kim JS (1993) Changes in the
physicochemical properties of ginseng by roasting.
Korean J Ginseng Sci, 17, 228-231

Park JH, Han JS, Choi HK (1999) Effect on quality of
pan-fired green tea by lst pan firing time. Korean J
Medicinal Crop Sci, 7, 101-106

Dewanto V, Wu X, Adom KK, Liu RH (2002) Thermal
processing enhances the nutritional value of tomatoes by
increasing total antioxidant activity. J Agric Food Chem,
50, 3010-3014

Blois MS (1958) Antioxidant determination by the use
of a stable free radical. Nature, 181, 1199-1200
Pellegrini N, Chiavaro E, Gardana C, Mazzeo T, Contino
D, Gallo M, Riso P, Fogliano V, Porrini M (2010) Effect
of different cooking methods on color, phytochemical
concentration, and antioxidant capacity of raw and frozen
Brassica vegetables. J Agric Food Chem, 58, 4310-4321
Kwon YR, Youn KS (2014) Physicochemical of burdock
(Arctium lappa L) tea depending on steaming and roasting
treatment. Korean J Food Preserv, 21, 646-651

Lee MH, Cho JH, Kim JC, Kim BK (2014) Effect of
roasting conditions on the antioxidant activities of tartary
buckwheat. Korean J Food Sci Technol, 46, 390-393
Choi YH, Kim KH, Kang MY (2001) Varietal difference
in processing and sensory characteristics of Sikfiye in rice.
Korean J Breed, 33, 65-72

Kwak JE, Oh SK, Kim DJ, Lee JH, Yoon MR, Kim
HW, Lee IS (2013) Effects of heat-treated brown rice
on total phenolics and antioxidant activities. J Korean
Soc Food Sci Nutr, 42, 534-541

Yu JS, Hwang IG, Woo KS, Chang YD, Lee CH, Jeong
JH, Jeong HS (2008) Physicochemical characteristics of

22.

23.

24.

25.

26.

27.

28.

29.

30.

679

Chrysanthemum indicum L. flower tea according to
different pan-firing times. Korean J Food Sci Technol,
40, 297-302

Shin EH, Park SJ, Choi SK (2011) Component analysis
and antioxidant activity of Opuntia ficus-indica var.
saboten. J East Asian Soc Dietary Life, 21, 691-697
Shin TS, Park JA, Jung BM (2015) Changes in organic
acids, free sugars, and volatile flavor compounds in fig
(Ficus carica L.) by maturation stage. J Korean Soc Food
Sci Nutr, 44, 1016-1027

Mottram DS (1998) Flavour formation in meat and meat
products: a review. Food Chem, 62, 415-424

Shahidi F, Pegg RB (1994) Hexanal as an indicator of
meat flavor deterioration. J Food Lipids, 1, 177-186

Kim HK, Lee BY, Shin DB, Kwon JH (1998) Effects
of roasting conditions on physicochemical characteristics
and volatile flavor components of chicory roots. Korean
J Food Sci Technol, 30, 1279-1284

Chung HS, Youn KS (2006) Optimization of roasting
process for preparation of water extracts from Job’s tears
(Coicis lachryma-jobi). Korean J Food Preserv, 13,
119-124

Ha TY, Chun HS, Lee C, Kim YH, Han O (1999) Changes
in physicochemical properties of steamed rice for
Soong-neung during roasting. Korean J Food Sci Technol,
31, 171-175

Lee SH, Lee YR, Hwang IG, Woo KS, Kim KH, Kim
KJ, Jeong HS (2009) Antioxidnat activities and quality
characteristics of germinated rough rice tea according
to roasting temperature, time and leaching condition.
Korean J Food Sci Technol, 41, 386-391

Seo IW, Nam HJ, Shin HS (2009) Influence of polycyclic
aromatic hydrocarbons formation in sesame oils with
different roasting conditions. Korean J Food Sci Technol,
41, 355-361



