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Abstract Rice that the half of population in the world eats as a
staple food is mostly produced and consumed in Asia. However,
its consumption is nowadays decreasing mainly due to diet
diversity. Accordingly, some attempts are in demand to enhance
the utilization of rice. In this study, profiling of volatile and non-
volatile flavor components in rice pastes obtained by a-amylase
was performed and compared according to nine different rice
cultivars domestically cultivated in Korea using gas chromatography-
mass spectrometry combined by solid phase microextraction and
gas chromatography-time of flight-mass spectrometry after a
derivatization, respectively. In total, 46 volatile compounds
identified included 6 alcohols, 6 aldehydes, 4 esters, 4 furan
derivatives, 4 ketones, 1 acid, 1 sulfur-containing compound, 7
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hydrocarbons, 5 aromatics and 8 terpenes. The non-volatile flavor
components found were composed of 12 amino acids, 6 sugars
and 4 sugar alcohols. In principal component analysis, rice paste
samples could be discriminated according to cultivars on the score
plots of volatile and non-volatile flavor compounds. In particular,
some volatile compounds such as pentanal and 4,7-dimethyl-
undecane could contribute to distinguish Senong 17 white and
Senong 17 brown, whereas ethanol, 6-methylhep-5-en-2-one, and
tridecane could be highly related to the discrimination of lipum
from other cultivars. Among non-volatile compounds, some
amino acids such as glycine, serine and y-aminobutyric acid and
some sugars such as sucrose and fructose were mainly responsible
for the discrimination of Danmi from the other cultivars. On the
other hand, galactose, arabitol and mannose were more closely
related to Senong 17 white than Senong 17 brown.
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A & TFEAES FE UR, SR, 7R, 9 5ol U
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e & JHFAIFEe] g 2 & 7] 245 28
FeolthKim 2011).

S o &% THAE N Al e AHIRF 7|5 ¥
v X W (Goft2} Klee 2006), olol wiel A7 o] wjo} A
A I AR H Y RS EAeke A
o] gk &) by A dig Fo AT dIdEe ¥
&S gas chromatography-mass spectrometry (GC-MS)$} gas
chromatography-olfactometry2 #4J3te] o] n|gdE-S 5]
Wi o]& vz A48k i 650 & AR B
& BRS A7 (Yang 5, 2008)9F o] ZEwHAle] wkE} w)F]
Wy AEEe] € walEe] AdEE AEY RS
T(Zeng 5, 2009)7F AUAATE. BIFPEA Aol gt
2 Ao oAb {714 |, 3EES BAsaL ol
2 FaElss 243 A9Kim 5, 2014)2F gas chromato-
graphy-time of flight-mass spectrometry (GC-TOF-MS)Z =-1]
653 Wm0l tiste] 12 thAkES 23 thAkES 24
3lal data mining processE E§-3l] o]59] ALAAE W
A7E BIEACHKIm S, 2013),
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thijgo] FRSE A7EE Aol {835k o8 & 2
thHShins} Daigle 1997). 718} 54 g8 &L wWuwr ¢
£ PEtsS /RtE B E UAAtHDas 5, 2008).

T olAI7R] GA4AE sk AzE A Ho|xEe] &
n) 5293} Bdo] e AR 2 Iy S 145t
o ¥t AFe AT wEA B AelAs Fuleld &
EH3 e HME g2 F5E 34 A" & do|2EY 3
g AR B ARES 7R, o AR
o2 AlF 7] zolE ekt BISlth ol & Fo]iE
E 83 /A E NS 8 VxdrE E8E IS

Aot

A= & Uy

As
A8 & F5o] WE 959 & Ho|AE AFE U & o
= olg3dle] AZHAU Ao AhgE & A5 FXo o
E(P), 3ol 435(GO), UTHAN), Tt 13 (DA), A78(SE),
T(DN), A=FH(SM), AE 173 Wuj(GW), As 178 &y
(GB)E % 9%o]om, Table 101 z+ EZ9] Aujx| =} APk
WeE Yepligith. Ade] ARgE & d8e BT ez
IP, GO, AN, DA, SE, DN, SM& 7Z71%= $=Aloll Afjujt

Table 1 Cultivation region and year of rice cultivars

Rice Cultivars Cultivation Region  Production Year

lipum(IP) Suwon, Gyeonggi 2014
Goami 4(GO) Suwon, Gyeonggi 2014
Anda(AN)\ Suwon, Gyeonggi 2014
Dasan 1(DA) Suwon, Gyeonggi 2014
Seolgang(SE) Suwon, Gyeonggi 2014
Danmi(DN) Suwon, Gyeonggi 2014
Samgwang (SM) Suwon, Gyeonggi 2014
Senong 17 white(GW) Jincheon, Chungbuk 2014
Senong 17 brown(GB) Jincheon, Chungbuk 2014

ZolH, GWe GBE HEE FHTA Aufst Aok, =
E 2 93E 201490 83 A8 ARl

2 Fo|2E Az

2 mo|2Ex 99 A YRS AMEEl] v e whyow
AzsATh & YFEE 55-60°CollM 1.547F 59 43 5,
60 °CollA 2217H5<t 0.15-02% 552 a-amylaseS 2]
ok 54 A2E A FRSE 35:659 HEE Egste] 9zt
7] 50 um °l&F HES F24 stk ol $ 100-150
bare] ¢S 7Rl 7idtAst slal, 98 °CollA 30% E9F A
43T Aol £yt & Ho|2Exs W7t 9 xSl B
st

& Ho|2E9 FY AR F=
A ol 2B FAg AJELS solid phase microextraction
of & Ho]2AE AR 5g& YW screw cap(Ultraclean 18mm,
Agilent Technologies, Ratingen, Germany)S2 W33t o
BH viak> 22} 250 pm, 50 °CollA] 305 FoF wak 2 HEPAR)
<, 1087 CAR/PDMS/DVB SPME fiber (Supelco, Bellefonte,
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FAA
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248 93 Ao 2= DB-WAX (30m lengthx0.25 mm LD.
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£ AMESITE QELEE 40°CoM 687 RIS, 150 °C
7] 3 °C/mine & 771 & ©hA] 200 °C7FA] 5 °C/minSZ
SHFAT. FY7] LEE 250°CE, splitless modeol] A E4]
3R om ) o]FA 7IAZE= heliumE 0.8 mL/min®] $502 A}
431tk MSD (Agilent 5977A) 27 EI ionization voltage
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80% methanol &9 10 mLAIA] 30%7F vortex®S 33t}
o]% 70°CellA] 25587} sonication (Branson, Danbury, CT, USA)
g F, 4°C, 3500rpmel A 1027F YA 2 (UNION 32R
PLUS, Hanil Science Inc, Incheon, Korea) 31t} o] A&
! 100 uLE chloroform 1 mLell 7}8le] 30%7F vortex
H 5Y3Hl 2087F sonication AlZ! ¥, 1027 RIS &
YA TE AFA 400 uLE 1.5 mL safe lock tube (Eppendorf,
Hamburg, Germany)°ll B°} centri-vap (Labcono Co, Kanasas
City, MO, USA)IIA ovemightdle] €43 AzAIZ Tl 4413
AZE AlE9 methoxyamine-HCl (20 mg/mL in pyridine)
(Sigma-Aldrich, St. Louis, MO, USAYS 50 uL 23 30 °Cell
A 908 Bt WESAIHTE N,O-bis (trimethylsilyl) trifluoroacetamide
(BSTFA) containing 1% trimethylchlorosilane (Sigma-Aldrich)
< 90uL ¥ 70°ColA 307 F7F= WESAIZL H, insert/f
Eoi7F 1.5mL auto-samplerd] Eo} GC-TOF-MSE ©]-&-3}¢]
At

GC-TOF-MSE& °|&3 & mo|2E9] vy A7 84

A Ho]~E] H|FA olu|il O, FAE Bl Agilent
6890 N GCo| 914%9 TOF pegasus Il MS (Leco, St.
Joseph, MI, USA)E o]&3slit}. B4& 9)$ ZHo 2= DB-
SMS (30m Lengthx0.25mm [D.x0.25 pm film thickness, J&W
Scientific, Folsom, CA, USA)E A&l LEL2E== 80
°CollA] 5E7F AIAIZ1 & 180 °C7HA] 10 °C/minl 2 F7HA A
o} 2E]3 180°ColA 5w ARSI 240 °C7kA] 5 °C/
mine & T Z7AFTh mlR 2o & 240 °CollA] 587 £
AlZ1 % 290 °C7HA] 10°C/min.2 Z7M A 1087 F413H
th FUTFY 2&E 270°CHH, splitless =& A ST}
o544 7IAZE heliumE 144 mL/min2] £5E& o]-&3lTh.
Mass scan range= 30-600 am.u.=, scan rate> 20 spectra/
secZ AAsIAT

2 vlo|2ES HUPuFuY e T4 L A%

SPMEE ©|&3ly &3 A A7 5792 mass spectral
database (WINOS.L) 2 manual interpretationS 7|Wto. 2 43)
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100 pg/mL, wAvye SEBFEAE AMEsle] Zh 3aA] AR
retention index (RI) valueZ 73 & F&olA R® RI 33
H| 2313t GC-TOF-MSE ©]-&3te] #A¢ H|3 ey g9
4L fiechn, mainlib, wiley9, replibrary2 ©]-&3lo] 383}
oh A AR B3 AR AR REEEZY o
T AR peak area FHE T8l Mlasilon, A AL
o] AFS 3 WHEFEZZE 2-ethyl hexanol (100 pg/mL,
wiv), HI3ag Aol S 9 WRIETEZEE carbo-
hydrates=threitol (100 pug/mL, w/v) 5ul, amino acidss= norleucine
(100 pg/mL, wiv) 5 ulLE z+z AREsISITh

AR

AE Fo| EFo| w2 & o] ~ES] Fubyd AE F HFt
A ZpolE metslr] flte] thE FA1RA](SIMCA-P version
11.0, Umetric, Umea, SwedenyS AR&-3}o]

Principal component analysis)S S=383}t}. 3k Z4zke] AR

of tigh g7k §oHQl AolE dolrr] 95l statistical
package for the social sciences(SPSS, version 12.0, Chicago,
IL, USAYE ©|83ld F5E p<0.05914 EAHEA(ANOVA,
Analysis of variance)3} Duncan’s multiple comparison testE

T3

A3 9 33
4 A9 & HolXES 3Ly AR BN

B4 AEE 2 o] 2EdA FAE WY AES Table 200
HERSITE. & 4659 3 Aol AZEeH, oldle &
IR 635, AEF 45, AT 55, dus=F
<, HYARF 8F, dZER 4%, ©Ela® 78,
2 15, 2 150 £FHAT
floral, fruity F754S Fosh=t TS PRIt Bryants}
McClung 2011). 65 &FF F ethanol, pentan-1-ol, oct-1-
en-3-ol2 EE F54 AEHJLL, ethanole] -2 1P}
SMollA frejxoz =outt tlasel FA4 4% pentan-1-
ol XA ksl AAPER dEA IS (Champagne 5, 2005),
SEAIM 7HE =doh WAl fARE WSS 7H oct-1-en-
3-0l2 GWellM 71 Eta, 1 TR0 2% DAY SE M =E
shaFo] =94t o]9le] ¢&FF S hexan-l-ol, hex-3-en-1-ol &
butan-1-ol-> DNol|lA 7F& =9kth 4% AEF F 13-
methylphenyl) ethanone& GBolAM T+ &% 913, herbaceous,
pungentdt 05X (Morales 5, 2005y YERNE= 6-methyl-5-
hepten-2-one> IPo|A] 7} &=kt o]o H|3| sweets} L
minty-camphoraceous 573 (Vaewta2} Siree 2006)S A=
cyclohexanone2 SE®} DNoA =7 vepdtl WAl 1e2|E 7}
71 aromatic compounds= 6%°] HAZZ ATl 1,4-xylened}
methyl benzene BT FEoNA HEHUoH, the FEE00
Hla GWollA &#o] =9ktl Green, freshd(Sawamura =,
2004y 712 p-cymeneS SECIA 714 =4t} Ethylbenzenes
SMolA 7H ghgo] E9kar, GWeF SEA 2 HE uwsitt
B =Fe 650 A&, UFE A8 NS g
3|=F= green, grassy, fatty$t Fu|E5ALS UeEMT, FE Z
Aol Jrstol] ofs) HAdEHe AR dHA Urh(Yajima T,
1978). Hexanal> @ 9> # @Aje] = €191 =2 = (Bryant
9} McClung 2011), GBET} GWeollA <F 118} o B o]
AZEHAE. 53] hexanale 5] gt Fu 2 AHAZR <
g ABjRpe|A AFEE doZd F e dEolth(Yang T,
2007). Nutty, sweet@Z} ¥#H ¥ pentanal(Yang 5, 2008)->
GWolA 7Fd =St} Nonanal2 fresh, citrusy <t HAISA
(Sawamura 5, 2004)2 YeERN™, GWellA 71 =343 DAS}
SE’} 1 512 wgith Fatty-fruity o] v, 242+ 0.7, 0.15,
13ppbE EollA djdoz v IX|ZS 7HX]=(Guadagni 5,
1963) octanal, 3-methyl-butanal % hept-2-enal'= == Ut}
HEHE 459 FHF T 2-pentylfuranS beanydt 542 el
WH, linoleic acid®] UFF Aol oF Ashd 7ide] gt
el 71zl ofeff frefske 2lew delAd SUrk(Lee 5, 2013).
olo] gk thE FFolA Erh SESA E=UTH AN, DA,
GWE 2 & me} s%om, o] Al FEele &F Aol7t



J Appl Biol Chem (2017) 60(3), 283-291

286

s8EC0FC00'T  5S9TTFROI'S  56T0F60F'T  sCLS'0F8SO0  519€0FLOV Y aN 3969 SFEEI'S anN ol IP0FTEOT  PLIL  ((cuoydAxoipAy- O-N-Mwmm Mm_ow
SPRV
100°0FC10°0 aN aN anN aN anN anN aN anN SL9T auoued (JAueydiAyroN-¢)-1
poL00'0FLIO0 anN a900'0FES00  pI000FITO0  CT0'0FLTO0 aN anN p100°0¥800°0  IT00OFSIT'0O  OSEl UO-Z-ud-g-doyAYIoIN-9
anN anN anN oSLOOFEIT'0  oE10°0FLITO  5qCTOOFILOO anN anN aN LLTI QUOUBXAYO[IAD)
anN £0°0FSI1°0 anN aS00°0FFI00  w610°0F6I1°0  «610°0FS80°0  700°0F60°0 aN anN 8611 auo-g-ueydoy-|JAPSN-1
SQUO0)OY]
JITOOF00  oSO60FHII'E  LPEI0FOTO0  oLITOF6HO'T  (Q0EO0FI6T  6LEOFISEE  L6SHOFCLIE anN -S90°0FL8Y'0  €TTI ueInjAjuad-g
»C00°0FL00°0 anN anN LTOOFITI0  880°0FC8T0  L800FLSTO anN -200°0FC10°0 aN 0zIl ueany[Ang-g
anN anN anN aN S00°0FL60°0  €20°0F90°0 anN aN anN 8701 uenjj&doid-g
sLOO0FPIO0  +#80°0FS8I 0 anN %800 0F9F0°0  E10°0FB61°0  «6LOOFSYTO  oL10°0FCOL'0  -200°0FLO00 aN S¥6 uenyAypg-g
suein,j
deourjuad
a900°0FELT'0  4900°0FI€0°0 anN anN aP00°0FETO0  PI00FE00  gPI0OFIEO0  Z00'0F6000  ¢800°0FSTO0  000T 1fnqostjAdoxdosiAxoqies
-C-IAYIPWIL - T°T
. ) . . . . . . ) . . . . . dreourdodjAyow
4L00°0FCLO'0 anN anN a100°0FS000 460007200  s610°0FFE00 anN 4100°0F€00°0 aN 8981 -7 (AXOYAXOIPAY-¢-APE-7)
anN anN anN STO'0FS0'0 aN anN anN aN anN 901 areouBINqIAYIOW-¢ [AY1F
#00°0FL00°0 anN anN anN aN anN anN aN aN 156 areuordoxd (A
SI91Sq
3€C0°0FCE00  EO'OFEOY'0  opoqCI0OFIETO  1oqClLTOFLED  qelTOOFESH'D  5qe€80°0F60Y'0  apo€O'OFFETO 540007900  op€0°0FCETO  98€1 [eUBUON
anN ¥10°0F€L0"0 aN aN S00°0FES00 anN anN aN aN vIEl [eud-z-1doH
TO0'0FLYO0  oLTO0FSST'0 anN «L10°0F881°0 anN 9Y00F901°0  GPIO0FOIT0  ,TO0'0FFTO0  og8T00FF600  18TI [euepQ
JLTVOFTS0  WECTFSSL'S  LITV0FIOTE  pu88L°0FI0I'T  oSTOFLSY Y gIS8OFELEE  LEITOFSII'E P ['0FSOT  op600°0F6TLT  SLOI [EUBXSH
4800°0F820°0 anN anN aV0°0F980°0  LI80°0FFI+'1 aN anN a1 €0°0F601°0 anN L6 [eueIng-[yA19N-¢
JOTOOFIET'0  oS8EOFLIST  (oISOOFF6S0  ;600°0F8T0°0  12900°0FEIT'0 aN aISTOFIST'T anN pPLOOFP6T0  TL6 [euejuod
SopAYap|Y
2S00°0F9I00  ITOOFELIO  p800°0F80°0  pog600°0FTE0°0  oqI0OFSOI'0  o8TOOFEIT0  pTTOOFELOO  100°0FFC00  pF00'0FSLOO  0SHI [0-¢-U0-1-190
anN anN anN Y9T0FCLI0 aN anN anN 20007000 anN T8€l [0-]-U3-€-X3H
a9€0°0FI61°0 anN a800°0FFS0'0  oLSTOFSSED  EI0OFIBI0 (€0 0FFLO0 anN aCl00FCTI'0  (CI00F90°0  €S€1 [0-]-UeXSH
sL00°0FCS00  qeSSO'OFLETO  180°0F660°0 jopb90 0FLLI'O  w8TO'OFITED  poqt¥0'OFETTO  poq€TO'OFETTO  5L00°0F990°0 5L 10°0FECIO  1STI [0-T-UBIU_
a100°0F610°0 anN anN 9100F87L'T anN aN anN 410008000 @d'N TSTI [o-]-uemng
SLOOFPLTO  o860°0FLTS0  qLOVOFTITOY  -650°0FE0T0  ohP0'0FF890  ¥PE0F6I80  -SLOOFEGED  HITO0FIV00  6TSTFESD'6  €€6 Joueqy
S[OYO9[Y
8D 0D NS sNd 4 4 NV 0D (dI I spunoduwiod a[1e[oA

(ds F ueow) seae yead oALRIOY

SIEATY[NO 0} SuIp10odE sojdues 2011 pajean) dwAzus ur spunodwiod a[e[oA T JqEL



287

J Appl Biol Chem (2017) 60(3), 283291

P319313p 10N,

umoiq /[ Juouds Aq dpew dsed oory,,
a)ym £ | Suoudg Aq dpew djsed 201y,

Suem3weg Aq opew spsed 01y
rwue(] Aq spew apsed d0ry
Sues|0ag Aq dpew sjsed 201y,

[ uese( £q opew Ased o0y,
epuy £q apew a3sed 2oy
 Iweon Aq spew Ased oy,
wndiy Aq spew sysed 201y

UOHJBIASD PIBPUE)S F PIBPUES [BUISIUI JO Jey} 0} BaIe Yead SAR[aI JO SaN[eA UBIN,

XOpUI UOHURINY,

aN aN aN anN aN a'N LOO'0FCE00 aN aN 1871 sudedo)-n
aN q9S0°0FL8O0  q910°0FE60°0  ¢900°0FPCO0  ¢600°0FI0I'0  qCEOOFSITO aN aN q700°0FSE0'0 0l uduld-g-7
aN a'N qC100FELO'0  p£00°0F900°0  CEO'0FELOO qeL00'0FS0'0  poqt 10°0F6C0°0 aN «qS10°0FIF00 65T sudwA)-d
aN aN aN aN CIO'0FILOO aN aN aN aN €611 audIpue[[ayd-g
J00FPIO0  o61TO0FLOCO  5p8IOOFIEI'0  H1SO0F8SO0  ¢6€0°0FCCHO  EFVOOFELSO  (£€OOFSIFO  o#00°0FEIO0  p800°0F9FPCTO  #8I11 suauowr-|p
aN aN aN aN aN aN aN aN [10°0FELO0  6FII duaipue[[ayd-0
anN aN qVC0’0FOrT0  ,200°0F900°0  5900°0F8%0°0 2910°0F50°0 aN aN 801°0F695°0  SSOL suaydure)
anN aN q980°0F1CTC0 aN aN ql1T0F68T0 aN aN qL€0'0FC6T0  SI01 uduld-0
souadiay,
anN aN aN aN eL00'0FCEL'0 qL00°0F80°0 aN anN aN Iyl udzudq (JAypojAwpowiip- [ )sig-v'[
N «£00°0FEC10 990°0FCI'0  5p900°0FEI00  EIOOFIOI'0  CIOOFSOL'0  5610°0FC90°0  -100°0FC00°0 ot 10°0F8E00 9Tl QudIAIS
JLOOOFITO0  qel99°0FEVL' T  poq€STOFOLTT  ,6¥0°0F8II°0 oquCLI'OFY T oqbPTOFELE'T  p990°0FILOT  ,800°0F8E0°0  ,E€COOFLIT'O  ITIT QURIAX -t
5500°0F9E0°0 gl IFSOV'Y 860 IFSOV'S  5€ETOFOT6'0  oqESH 0F69'C aN polPEOFLSO'T  38C00FE600  ;.560°0F6¥CT T €111 suzudq A
JIT0°0FSHO'0  SOTIFIEO'E  869°0FSLEE  opEEL'OFOEL'0  quELI'OFCIOE  qel66'0F88LT  qeOLY 0FIIY'T SLIOOFIO0  op9ITOFLLI'T  TEOI QUAZUAGJAYIdIN
squozuag
. . . . . . . . . . . . . dusipexay
anN qC00°0FSLO°0 aN aN «10°0FS01°0 anN pLO0'0F6E0'0  ¥00'0FCIO00 aN Sovl1 - I Apow-Z-[Apa-¢-(H€)
aN aN aN anN aN aN aN aN 120°0FEIT'0  2oCl QuedapL],
aN h0°0F660°0 ¥10°0FS€0°0 aN aN aN 90°0F¥80°0 aN anN 866 aueddpUNAYRWI-L Y
aN 4S90°0F689°0  FO'0FEBL'D  pCSO'0FITED  S60'0FO6E0T  OCE0FBLEO  qeI9I0FIS80  ;LOO'0FITO0  ;29L0°0FL8I'O  1S6 sueydeyrAyroweiuad-9°9yzg
aN OSE0FLLEO  8F00FFEI0  (8CO'OFSII'O  w9SLOFSE60  =SPSOFEI0T  ISTOFSEQ'] aN q€C0'0FSTI'0  8L8 sudydoy-[-[Ayeung-+°g
aN 791°0F996'0  pSI00FIITO  pP00'0FSLO0  =SO'0FCCY'] qSLEOFOER'D  I8I'OFLI6G0  p€00'0FR00'0  pFEO'OFLTI'O 108 aueQ
¥20°0FSC0°0 anN anN aN anN aN aN aN aN SURIP-¢“Z-exay[Aypo-g-|Apd-1
SU0QIeO0IpPAH
aN S10°0F901°0 aN anN aN aN L10°0FL0°0 aN 100°0F910°0  ¥901 apynsIp [Ayewiq
spunodwo)) Sururejuod-Injng
e @MD WS NG (S ova NV o) (edl . spumodinion smEIon

(ds F ueow) seae yead oALRIOY

panunuo) z lqeL



288

J Appl Biol Chem (2017) 60(3), 283-291

A T) 2-ethylfuran T2 EFE04 EUl DACA 7}t
A =9kor, 2-butylfurans} 2-propylfurane SEOIA 714 haF
o] =t} 7% HIF 5 orange-like fruitydS e dl-
limonene (Kelebek} Selli 2011)2 EE EFFoA4 AEEHIL
™, 1 9% DA, SE, ANoIX =7 Yelsth A5d7eE
A5 AME-E= camphene herbal &2 UYl=d|(Sawamura 5,
2004), IPellA] @AASA ESkTE Pine-like®d} #E U= a-
pinene?} green, fresh @3} #H U= 2-B-pinene= HEH A=
Hl(Sawamura 5, 2004), thH-E FFoA o9 whe o g
o] AL AlELelE Z Aol fIIeh HEFE freshnesseh
##o] = a-phellandrene®} B-phellandreneS 2+2; 1P} SE
oM ut HEFAT). SpicydS U= a-copaene (Miyazawa 5,
2016y ANCA Y HAEERT AEElR T AlE7e] f202Q
Zo)7F A= A2 ethyl 3-methyl butanoate} ethyl propionate
oldtt. 73t fruityZF(Schieberlez} Hofmann 1997)3} #&Ho] 3l
= ethyl 3-methyl butanoate> DNOI|AMTH HEEF|IL, fruity,
rum¥} AR |5 S 71R] ethyl propionate(Kanwar &,
2005)= GBOlARF HEH AT

i HEE 75 "slrAaR o2 2o 3n] 540
9GS FA de ez d#EA UtkEline 5, 2005). ©]
% 4,7-dimethylundecaneS E571o) f2]Fel xjole §lglom,
4-ethyl-2-methyl hexa-2,3-dieneS GBo|A ¥ AEHUTH 2 A
TFolA FdatA HEE & T A2 dimethyl disulfide=
g e olrAke] ERAHEEA viEE AN 58S
T (Wright 5, 2006), $-rollA AFstell sl A== a4
9l o|FEec= RyHE vl AtkJung 5, 1998).

2 A & do]XE9] HHLY HE Y

g AEE & Fo]REA FFE opigh, R E
F 4EES Table 39 YERNIT & 12F9] ofp|=At B o}
Ak F =32 alanine (Ala), valine (Val), leucine (Leu),
proline (Pro), glycine (Gly), serine (Ser), threonine (Thr),
aspartic acid (Asp), glutamine (Gln), y-aminobutyric acid
(GABA), glutamic acid (Glu), asparagine (Asn)°] &%= %t}
oAt AEES o] 7T, ot 9 5k Sof| JES A
AW, Strecker 3N 2 XA ApFAkste] ofsf & H &
7HEAES Fa A AEE A dFS G
(Karahadian3} Johnson 1995). T4 % ol|=AME 5 Aspe X
2 Be] sweetness®} palatabilityol] F3S nR & e Ze
2 4EA JtHKim 5, 2014). 2 TS GOolA 7P B3k
oh st AReR deE] ¢4eiA e Glus DNOM 7P =
kO, glutamate decarboxylase®] Zg-oll &3] Gluolx 343
HE GABA® ] A4S Uehlle Zos HiHy
AthBaek 5, 2010). GABAE= Glu7} 7F =T DNellA] 7}
T =A YElaL, GB, GW7L 248 zlol2 1 FE wEith
GABAZ} A5 17321 GB9F GWellA #=A] Yehde 2 A
s 1737F b8 & F5E00 viE) 2A B gl 5o opv=
A} e JAdEEe] AR w2 FHoRE FHEY 3
7] wWjEolgk & 4= 9t} Ala, Val, Leu, Gly, Ser2 t& %
ol Bk DNellM 7P =3tem, Proo] 9hd2 DN# GB
oA EATE Pro= °l3 ] Fa FW|AFES] 2-acetyl-1-
pyrroline®] ATAZE L&A o™, 2-acetyl-1-pyrollineS H

fol

F(Schieberle 1991), com tortilla (Karahadian3} Johnson 1995)
oA F8 R EE WA Ut} ol w2
AXZk 2 Ef9 dmEHoz o3 & 2 & syEe] 4
o F83k AAZ Z8E 4 Utk(Yoshihashi 5, 2002). D3t
Foshy FE9] Ag oju|Aite s dHA e Thie EE
FLM FolFQl Zole gt o]l HlE] Glnet Asn
7} SESF GOoIARE AZEUT). gk, B 9 FUIHRES
652 95 fructose (Fru), mannose (Man), glucose (Glc), galactose
(Gal), sucrose (Suc), maltose®} 4%2] FLZHF dithio-erythritol
(Dit), arabitol (Ara), ribitol, myo-inositol (Myo)°| &7=UT}.
FRe @t 4e A™bo] Jde AL EE, T ke ¥
Maillard RF&-& F3lA g AR A= A 5 ot
(Demyttenaere 5, 2002). @32 2] 2] palatabilityol] =
A S vAE 540, G 5 53] Gluet Suct F83
S SHH(Tran 5, 2005). ]2 FHES a-amylaseel] <]
3 AE] a-14 glycosidic Aol E3|=HA Gle, dextrins,
limit dextrins®] A== 2o &J8F ot (Gupta 5, 2003).
Gleo] e ANOIA 7Hd =okAnh, Adides o e o
oS 7EE Frugt SuceE DNolX 7P% =9tth. Erythrose2 5
B feg Dite GOoM 7FE =Skth. Myo= cyclohexane?]
ghamith 4 92k ST hydroxyZ |2 X3 GYEEA AF
ol Al gl Al A AR LEA A om(Eagle
5, 1957), DNelM 7P =71 Hebstt.

o Iy

F3E & vjo|2ES] IWuFHYAY R FAE EH(PCA)
F50l ugt B4 AME 2 Fo]2 e I JEEF o]
=2h B R BEE T vIsId AEEdd 2713 PCA
Al A= Fig. 13+ Fig. 20 YepSIch 384 9] 74,
Al 1FAEPCIE 37.1%, Al 25F3E(PC2)yS 153%2] e
S Yehile] F W59 524%2 AWtk DA, SE, AN,
GWi= PClel &3] tf2 F553 +E53(37.1%), GBE GW
9} pC2oll 98] FEEUTH15.3%). PCA loading plot (Fig.
2A)°NA pentanal, 4,7-dimethylundecane, dimethyl disulfide 7+
o ARES GWY EAHo 7 VeI, butan-1-ol, ethyl
propionate, 1-(3-methylphenyl) ethanone 72 AEE2 GBY
E40=2 et ol AdEEe] GBS GWE skt #
Hol e AEEYS ¢ + At &3t 1P v EF5ES
TEEE & FZ ethanol, 6-methylhep-5-en-2-one, camphene,
a-phellandrene, tridecane 7+ AJE-EolA 7]Qls= Aoz
Elutth. SE9] 749, 3-methyl-1-butanal, 2-propylfuran, pB-
phellandrene, 1,4-Bis(1,1-dimethylethyl) benzeneo] T2 &35
I} FREEA e JEE°IAUT. Hex-3-en-1-ol, ethyl 3-
methylbutanoate= DNz} #H# Q= 34 ARSIt SM
£ a-pinene, AN octanal, a-copaene -2 AEEo] &
P A= AEECIUT HFEA i PCA B4 A
2E Al 1IFHEPCHE 49.8%, Al 2FAEPC2)E 17.0%2]
ArES Yeplo] & W5 66.8%5 A3ttt PCA score
plot (Fig. 2A)°] ™&l DN, GO, GB= PClol| 9l&f t& &=
278 EEATH49.8%). GWE PC20l| 28l GBeF T+ H
ATH17.0%). PCA loading plot (Fig. 2B)°IA] Gly, Ser, GABA,
Suc, Fru 2+& AR Eo] F2 DN T2 EZ7)] 2o|2 B
ol 7logk Zle® UEbdTh Gal, Ara, Man= GBIl H]sf
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Fig. 1 Score plot (A) and loading plot (B) of volatile compounds
according to cultivars (IP, Ilpum; GO, Goami 4; AN, Anda; DA, Dasan
1; SE, Seolgang; DN, Danmi; SM, Samgwang; GW, Senong 17 white;
GB, Senong 17 brown)
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Fig. 2 Score plot (A) and loading plot (B) of non-volatile compounds
according to cultivar (IP, Ilpum; GO, Goami 4; AN, Anda; DA, Dasan 1;
SE, Seolgang; DN, Danmi; SM, Samgwang; GW, Senong 17 white; GB,
Senong 17 brown)
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