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Determination of Volatile Flavor Compounds during Storage
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Abstract

In this study, quantitative analysis of major volatile flavor compounds from yogurt was conducted using headspace-solid

phase microextraction (HS-SPME) GC-FID analysis technique, and the changes of volatile aroma compounds during the
storage period were evaluated. The yogurt was prepared with the addition of 2% cereals, such as, white rice (WR), brown
rice (BR), germinated brown rice (GBR) and saccharified germinated brown rice (SGBR). After fermentation, the products
were stored at 5°C for 15 d. The major volatile aroma compounds in yogurt, such as acetaldehyde, acetone, diacetyl and
acetoin were able to be extracted using HS-SPME technique efficiently. The regression () value of standard curve prepared
with various concentrations of individual flavor chemicals was analyzed over 0.9975, and reproducibility was acceptable to
apply quantitative analysis. The analysis of volatile components of control sample during storage showed that the acetalde-
hyde on 0 d was 10.83 ppm, and that contents were increased to 15.67 ppm after 15 d of storage. However, addition of BR,
GBR and SGBR decreased the acetaldehyde contents during storage periods. The acetone content of all treatments during
storage was not significantly different. The diacetyl content of all treatments were increased during storage and the addition
of SGBR showed the highest amount of diacetyl (0.84 ppm) among treatments on 15 d of storage. The acetoin content of
yogurt added with grains was higher than that of control during storage. As a result, the content of volatile aroma com-
pounds in yoghurt during storage period could be analyzed HS-SPME extraction technique effectively, and HS-SPME/GC
analysis can be considered for quality control of fermented milk products.

Key words: headspace-solid phase microextraction, volatile flavor compounds, quantitative analysis, yogurt, GC-FID

M g

A AU SZIA717] 8l ool HH
ANS7HA] A glo] AHEa e
o] (Beshkova et al., 1998), Holl= Thks 79
B aR7E s ARRES Ade] Zo] yojx|ar )
TR BES SN Ve e AEFEEE S8}
A9k, AMejo] Zo] Wojzl AHRIE A e AEAY
o] T8t 7] "ot Ha e AR F Zihto]
FAEE AES Y ZARS AAEHY, carbonyl 3HEHE
2 A AR, 1E]a gEE Y BAES At

*Corresponding author: Gur-Yoo Kim, Department of Animal
Products and Food Science, Kangwon National Univetsity,
Chuncheon 200-701, Korea. Tel: 82-33-250-8647, Fax: 82-33-
251-7719, E-mail: gykim@kangwon.ac.kr

646

(Frank and Marth, 1988; Marshall, 1984; Rasic and Kur-
mann, 1978). o]&|$t FAHE- WE R[] F53F 3ol 7]
A& M ), dF= F83 RS EH JES 3}
3, YA SR SIFHEES AAFQ] dafe g
7143k (Frank and Marth, 1988). ®& 3 Zliktol o3|
A== carbonyl 3}3HE2] 3 ZQ) S22 acetaldehyde,
diacetyl, acetoin, acetone 2 2-butanone 5©] $1.2.™(Frank
and Marth, 1988; Marshall, 1984; Rasic and Kurmann,
1978), acetaldehyde®} diacetyl, Z12]1L acetoin®] W& -f-ol
A Fe3% AR oR dEA A, o] F acetaldehyde
Steko] &7)el X g3o] 7 Ath(Rasic and Kurmann,
1978). Diacetyl®} acetoin WA oA e FrZ =3
3la, HE acetoin®] $HFo] ©] =4 EA3). Rasict
Kurmann(1978)°]] 2]31d diacetyl> wj-¢- A=ko 2 Zx)3}
Z|RE WHE o] ol Zalr] wiiel MaEfe Fag AR
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9 BIBUE 8 T BEAAE S ATl o)
B, AeE o] golaid arhd AeE BAL ¥
gl wge] S G1aRe BAle] Bobssi. §)
Wy GRS FEE poRE SUEIPY, 3R

2 2 headspace(HS) F4Ho] 2 ARE-EH, head-
spacet] 2+ purge & trap(dynamic headspace), static head-
space’] 2 solid-phase microextraction(SPME)H 5©] At}
(Park, 1991, 1992). &Haf-2o] 7|8 vlgFoE EA)5)
7] wjE-of|(Rasic and Kurmann, 1978) &7]A&2] a3}%<2]
o] ololiot ek, A SHEEI o
Bolel A8 WIgEE SEE Aol 2
o] stou} SRESVEE Hu
H B ARG o] Q7o Z‘iﬂrz—.olﬂ &7
purge & trapHS o]-&3le] FES= W
L3139k (Jang et al., 2005; Park, 1991, 1992; Werkhoff and
Bretschneider, 1987). Purge & trap2 purge gasS 53}
AlA Y S Ao R FEA ¥ FE2A1Y
I A 9E G WHOE AR 45 THeHA
ggob 7ol Wst glo] = 4 Utk Aol Ao
o, FEEH} Al Holuthke 3ol o] HAAF-
B A7 B AFellA o] &F AL JAIRE, AR purging
cn l.:zo Hg]. Ji‘d‘l—}(—]o .?—/HX]—]:] 7]. é 9,_0}31 /\]6'—]7(]—]:]]
7} avkele @ o] QATtHCha, 1997; Park, 1991, 1992).
I3F static headspaceR2 A% & 58 oA 179
7RSS FESAY Fell g3 wAdo] f2E o &
2o g AREE = AN, HlFe] PR B4l 53
Zo]A] FTHPark, 1991, 1992). webx] m|eke] F%
FVgite] Bl EASHE MARANE A e
Holt}. HTE F7 T 28 SoM 53 @)
A5h=t] HS-SPMEY S A8-3+ 7} ghils) egs|n
ItH(Cavalli et al., 2004; Cha, 1997; Jang et al., 2005;
Jelen et al., 2000; Park, 1991, 1992; Ulberth and Roubicek,
1995). Solid-phase microextraction(SPME)H-2 713l HiH
o2 gl st AlgdA ExFow 3ukA slst
£ F30] 7ksdh 7leolH, bt matrixol] 28] 7}
sokal, AEE, sEAolTe AHS zte FEUHeE
Z2o] 411 Hlgo] A-g 545 7HAaL ot B3 fiber
coating@t Al Atolollx] F2Fe] o] o] FoA= At
T A9 w7 wEel] AR Aok & low, w|F
o7 EAeke AfY RS EHHOE FE2T
Ith(Belardi and Pawliszyn, 1989; Kim ef al., 2011). Z}A
de S FE] fal s AEE ARES)
Ak che] S B shw FEHY = of EE
Quigel) o £4o] Betorh, SPMES] WHE o} W

p

O O_u
ML o o%

i ¢

T 5 90l Fa, H2ole SPMES ol8% 318%
FE3le E448l=s A7 7138k 9oi(Buchholz and
Pawliszyn, 1994; Contarini and Povolo, 2002; Kataoka et
al., 2000; Jia et al., 1998). 7| E-S B3] Y3l =
3t 37| HE-S E9l3= GC-MS, GC-FTIR 52| 7]71E°]
ste] mx|e] &S ERlsky|7F A AARARE, vl
a7ke] BA4717124 AEH] AFE k=l oflwel A
a1, BAACIG ARMHoR W =¥o] Fasly] il
S BEAe Ax B FASH) B 7% A7 A 4

A B892 £ AT HIThPark, 1992), WEAF] F
A Whed Yrie BA0R Fad 48L I
sy Gge] Yol Fad 4L Suw gom
©oafe] AR Sol B ATelA LA W14
2ol B Q7w A aslolel i Azt of
o & Aol 3vje] BA7)71E AMgSkE tiA Hs-
SPMEGCE o2 4a5) 30 7274 P13l 4
% FeAE ARSIA FRE AR BEhe A% F
207 S PR FPEIE HSSMERE 018
st RS AASHIT

o o,

o,

=13

R

A M=

B 2AFoj|A] 0]&3} acetone L diacetyl(2,3-Butanedione)
£ Sigma-Aldrich(USA)Z5-E T3}59.2.H, acetaldehyde
(Fluka, Switzerland) & acetoin(Supelco, USAYS- HS-SPME/
GC ®49] ¥FEHE 28319t} Starter Aol o83
= Lactobacillus bulgaricusS} Streptococcus thermophi-
lus7} T 448 T(YCX-11, Christian Hansen, Den-
mark)E ARE-SFATE oldn] Fsll Az o]8g aA
= Bacillus amyloliquefaciens71 2] A3} &~ (BAN 480L,
Novozymes, Denmark) = Aspergillus niger 7192 F3taih
(AMG 300L, Novozymes, Denmark)S A3}t 2]
(white rice)y= 8 23 T3AFAHEAANA 20113 A2
A S 1481990, v (brown rice)= 20113 AE =
7oA Al 2 F8kek 31S Frfjste] AREsAth

Azl M=

Woldu|, du] gl wn)= FAAZ(FD-1000, Eyela, Ja-
pan)sled A3l o] 8313 o, X F 80 mesh 7= &
Hated N EE ARSI Woldn)E An)E 30°Co 4] 48
AIZE E1F A St oAl A Aol o] 8-ttt o X
|l e 12A)7 ele}h wAsk] ANESE &< ] A Wold

u)o] el e wWroldn] Bt 20 g8 ZFS 100 mLY] &
gakar, 80°ColA 10823t 71h s} {v‘i'—% SO,
HstE A 0.1 mLE H7Fste] 80°ColA] 1A]7F 1F REE-3}
of Hslsldtt. AstEe] FAMMS H7Fete] pH 482 =
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A3t F F3ED 0.0 mLE H7Esk] 60°ColA 1417wk
SAA AEE AL HEf ARE Sl nF8E §

TS 12%= sfo] Z42e] F=A8 2%st BAREE 4
SR 92 A 25901, 90°CA] 1587 Attt Ay

£ ﬁ‘—r(YCX—ll Christian Hansen, Denmark)S 13] At}
ket 3 starterS 3%(w/v) FESIAL 37"C°ﬂ/ﬂ 8A1ZE ik

aslgon, W f= Felgel Eol 2 $ 4°ColA B
#atAoh

USRol FUM SVIME F&

FIHE AR A fe kA ¥U)AE-S headspace-
solid phase microextraction(HS-SPME)H .2 FZ3}3t}.

SPME-& 50 mL vialol] Zt7}e] A|8E5 20 g¥ A &ated]
septa(20 mm PTFE/Red Rubber, Supelco, USA)$} crimp
cap(20 mm Aluminum, Supelco, USA)S ARE-&le] W43}
ot AEE vialS & (Water bath stirrer WBS-80,
Japan)o| A 350 rppm .2 wHFsHY 308 52 headspacell
A SRS HIANEE F5ke] SPME fiber(50/
30 um DVB/Carboxen/PDMS, Supelco, USAYE ©]-&-35}]
headspace’dol] needleS =FA1A 34 VA ES 30
P FERAFSE 2Ea HA 9 F220S 2] 8 3
TR xS st BAxUS AAsHAT

USSR FUd V|ME &Y

WEfol 3y FrAE-S HS-SPME/GC-FIDE ©|&
sto] EA4E AAEAOH, o BFEHS ol8dto F
T B2 A § ARl o] &Skt &, R
o] £ 3 )49 E2] acetaldehyde, acetone, diacetyl

830 acetoin?] XFEZS FEHE XFARE AZ3}
A, 4] FFARE F5 B B8k RS A%
standard curveS 2HJSIHT

SPME fiberol] F3H A 71385 B48H7] S8t
&} ACME 6000 gas chromatography(Younglin Co., Korea)
£ °]&3I3t). o] Hed ARSI, 8o we

Table 1.The analytical conditions of gas chromatography

Parameters Conditions
Instrument ACME 6000 Qas chromatography
(Young Lin Co., Korea)
Detector FID (Flame ionization detector)
Column HP-FFAP

(25m x 032 mm 0.52 um)
Air & Hydrogen flow rate 350 & 35 (mL/min)
Injector temp. 230 (splitless mode)
Carrier gas He
Flow rate 1.0 mL/min
Detector temp. 250°C
Hold 4 min at 40°C — 5°C/min up

Oven Temp. t0 90°C —> 10°C/min up to 150°C

HP—FFAP(25 m x 0.32 mm x 0.52 um, Supelco, USA) column

23190 H, F42 1.0 mL/minZ 33 FY7(In-
Jector)«] EF 230°C, 74Z7](Detector)?] &%=+ 250°C=
3}199aL, QE(Oven)2 gradient modeZ 40°Col| A 4%t
A&k 5°C/min £E52 90°C7HA] Z7HA71 &, HZ 10°C/
min®] &% 2 150°C7H2] 27} ZTHTable 1). SPME fiber
of &3¢ ?.1:7]/‘31'?——8— injectorol] ¢ ¥ 5EIF =EFA]A
SR AT AR FfrEo] e PR a
diacetyl, acetaldehyde 12]3! acetoin ¥F=27} HEE A
ZH(retention time)S H| st EAISFR L, d‘%l:{\j(standard
curve)ol] THYste] A4S AAISH T

cetone,

SAHEN

AHA7= SPSS 20.0(SPSS Inc., USA)S o83t &
A BRI, FAe 7 Mg 93 AR Tukey®
AZs)] p<0.05 o4 Wi EAF F94o] Y= Ao
E}O} CRE BASEo 3ulE A)dsle] Ao A

(<=

= BEEEuAe Yehilt

%Hﬂ

YERo| STy BWINE 55 =2

ElgeRRe) —,—B_ -.JHLJ A48 acetaldehyde, acetone,

Z7(20°C, 35°C, 50°C)el] Zjo|S T BAls) 7344— Table
20 eI} =218 2|83 Wl acetaldehyde
2ke] A 50°C Z7A] 8.45 ppm o2 HAJ o], 20°CS}
35°C Z719] 9.82, 9.75 ppmB.Th e Ftako & ehgic)
Acetone> & 25=F71904 0.09-0.10 ppmO-=E F-2]% <21
Zpo] S Ho]x] ek9kt}. Diacetyle] 739 =71 50°Col|A
0.44 ppm° 2 7P =2 FEUS 151301, 50°C(0.44
ppm) > 35°C(0.35 ppm) > 20°C(0.24 ppm) 2= UERTH
LEZ2AS 2E5l9S W acetoin®] TS A3 Ay
35°C 27194 45.49 ppmO.E 20°C 2719 ekl 41.73
ppmE-tF S718FE AT, 50°C ZAAME 23.14 ppm 2
35°C 19|49 acetoin FFETE oF 2v) SHA] A=A

Table 2. Comparison of HS-SPME extraction temperature for
major volatile components in yogurt

(unit: ppm)
Temperature conditions
Compounds 20 35 30
Acetaldehyde 9.82+0.14°  9.75£0.12°  8.45+0.09°
Acetone 0.10£0.01°  0.09+0.01*  0.10£0.01°
Diacetyl 0.24+0.03*  0.35£0.01"  0.44+0.02°
Acetoin 41.73+0.64°  45.49+0.93°  23.14+1.03°

Data are expressed as mean+SD of triplicate experiments.
*“Means in the same row with different superscripts are signifi-
cantly different (p<0.05).
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t}. Allaoua 5(2006) 92 7 TS 48171
A8l SPME £4 Z7& 30-70°C ¥l HES 23}
40°Col A 7137 FFo] A Aoz Hugh ut
Ak B Aol A diacetyl AE-S 50°C 2 714 &
HH o2 FZH o BAEIA} she a71A] 7)1 dwe
TS THHCE HESIE o) 35°C 2300 ace-
taldehyde, acetone, diacetyl “12]3l acetoin’d¥#-S- HS-SPME
£ o83l FE3ske Zlo] 7P EHARI A= Atk

wSRol 3
Hol oS 913l acetaldehyde, acetone,
diacetyl Z12]31 acetoin ¥FE2S HS-SPMEH] 23] &+
<31l GC-FIDE °o]&3te] E4% A3+ Fig. 19 Y&}
Udth sEEE 323 42 A R eE
=

Ak dEFoll= LE L] Pl 7|oshs thekgt 2]
5] A==l (Rasic and Kurmann, 1978), B4
< o] &3t Az HEFUERTF)) FFE IR EE
fro] 3 37| 4E-S HS-SPMES} GC-FIDE o]-&3}d]
F= 2 X% chromatogram=- Fig. 20 YJERN AT} 8t
BEgfo F2 F7|AEQ acetaldehyde, acetone, diacetyl
1231 acetoin®] AF7IF F FeFHSk= Figs. 3-60 UE}
w3t

Acetaldehyde®] 3|ukA 7|AHE oS B3 2=
Fig. 30 JERNAT}. Acetaldehyde®] 78-$- thzT- 022}

Acetaldehyde

250

200 -
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(Peak area)

y=103546x+14614
R2=0.9979
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Diacetyl

(P eak area)
&
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Fig. 1. Calibration curve of four major volatile compounds.

S 1R 10.83 ppm o2 AL, 15U &

A8 RS 15.67 ppmOZ oF 1.458)] F7F8IRAL, v
7Y Hafe] A A% 0YA), 15919 I P14
e ZF7} 1091, 15.13 ppmO & 148 S7)sle], o=+ 2
o) 37} B Eg-/= A3 5 acetaldehyde] §3Fo] Z7)s)
t A4S JERAITE Adda(1986)= ZaHte] mlAgESHE]
2140 2J8)4 acetaldehyde?} ATl B3, o
Z7-9} MuE H715E da oA acetaldehyde] $hEko]
71 Aoz Hol A7t T ZAikte] & wg 2H8
o5t Ao = AlgHh &n|, Woldn], 181 Toldn]
sols Hrlek BE G AR 093} acetaldehyde TS
BAE Az 247F 1178, 12.39, 12.15 ppmO2 LERto ™,
79} wu| o] 0} acetaldehyde 3HekRTh A HA5)
Ak, AA 1584} acetaldehyde $H2 11.96, 13.04, 12.10
ppmOE A E o] iz 9 wiu| 7} afo] 1593 &
FRoh FojF oz vhe AEES e ATHp<0.05). tix
T-o} WuE e wEfo] A A7Igte] Al w
2} acetaldehyde $HFo] =713k whd, $u, Wholan], g
3 Woldn] F3lls ke wafo] A A% 0]
acetaldehyde 3Fo] thz7 g Wim|woh =4 Yepsitt
Lee(2005)2] Haro) ofshd Laf A A Woldn|E 3
7het W fre] Aikte] ASo] FXE o Wart WA
A Ectar B usich. E3F Raya 5(1986) 2 Gonzalez
51994y acetaldehydeZ} 53 thalel] oJsl 2 YAk
Tl Basiyint. olejgt A= dvlY] fEld T 5
O]F+= glucose?} sucrosedl] 2J3f AAikte] AFo] FHHE]

N

Acetone

(Peak area)
b
]

y=64872x+7.2921

R*=0.9979
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0 ‘ ‘ T ‘ ‘ © (ppm)
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Acetoin
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500 -
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8
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Fig. 2. Gas chromatogram of volatile compounds in yogurt using HS-SPME. 1: acetaldehyde, 2: acetone, 3: diacetyl, 4: acetoin.
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Fig. 3. Acetaldehyde content in the yogurts during storage periods. Con = Yogurt. WR = Yogurt added with 2% white rice.
BR = Yogurt added with 2% brown rice. GBR = Yogurt added with 2% germinated brown rice. SGBR = Yogurt added
with 2% saccharifiedgerminated brown rice. A-BDifferent letters in the same color bar are significantly different (p<0.05).
*“Different letters in the same sample group are significantly different (p<0.05).

3 drpt &) o]FojA &n, doldn], 18
doldn] gellS Hrlkek daf7F BEFTEAIHNA
acetaldehyde®] o] =4 Yehd oz A5 E

Acetone®] 3| VI E TS EAS A(Fig. 4),
Y] 7}A] 37]4d % (acetaldehyde, acetone, diacetyl, acetoin)
F 7P 2 sEE EAFENCH, Av|37t HERE Al
9% RE AR AT E o) TolE ol
] FUTHP<0.05). Ar|F7F EaEFY B9 A7 Fol
B AR Aol & YERAAITE, A7 09 AL, 15921 ace-
tone g&Fo] 212} 0.16 ppm = Z3)T} Rasic¥} Kurmann
(1978)2] Hro) 2]3hH acetone oA e 7|4
olm, Zikte] whg e o) AAEe WELER i
o] FFolu Aire] FR¥TE olg} FE ol Ha
Z7 5ol W} acetones F3HF WA A A

i g Wslke thE A YeRdt). B3 Franke}l Marth(1988),

02} Kyung(1995), Ko 5(2001) W& 717t % acetone &
o] F7tsltirt oA SolRl= Aaks vEhdtkal Barst

31, o] acetone®| W F A AT 3EAdo] A7)
2 AoZ Al H

Diacetyl®] 383 37|34 s 48 AH(Fig. 5),
NZ2T2] 45 AR 0¥l diacetyl S22 0.35 ppmlE
bk or, A% 109x7HA] el o802 F7tste]
T(p<0.05), AF 1592= 0.69 ppmO.2 AZ7|7t F
diacetyl gHeFo] oF 2uff F7lstint. Wm 7} dafo] 7
+ A7t F diacetyl g s}t ixe} HlSg A
s JERo] A% 0dAF el 0.48 ppmoll A 15U} 3
2 0.90 ppmO 2 oF vl F7Fet o, A7zt Ft o
Zo) Hls)] frejHom = glo g EAEATHp<0.05).

~
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Fig. 4. Acetone content in the yogurts during storage periods. Con = Yogurt. WR = Yogurt added with 2% White rice. BR=
Yogurt added with 2% Brown rice. GBR = Yogurt added with 2% Germinated Brown rice. SGBR = Yogurt added with
2% Saccharified Germinated Brown rice. “*Cdiifferent letters in the same color bar are significantly different (p<0.05).
*Different letters in the same sample group are significantly different (p<0.05).
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Fig. 5. Diacetyl content in the yogurts during storage periods. Con = Yogurt. WR = Yogurt added with 2% White rice. BR=
Yogurt added with 2% Brown rice. GBR = Yogurt added with 2% Germinated Brown rice. SGBR = Yogurt added with
2% Saccharified Germinated Brown rice. A" diifferent letters in the same color bar are significantly different (p<0.05).
*“Different letters in the same sample group are significantly different (p<0.05).

aejar doldn] gstels Hrigh wa R
o] A A% 043} diacetyl o] 22}k 0.74, 0.81, 0.84
ppmOZE A Eo] tixT e WelE 7Kg HE iR
A JERTh 25 A7k F diacetyl®] e dold
H|gs} > doldn] > du) Fo g BT} durt @
a9 A9 A 594} diacetyl S 0.96 ppmOE A
7 092H0.74 ppm) FFRT =A Ueltom, A% 109,
1542}l = ZH2} 0.96, 0.90 ppm O E F-2]7 ¢l 2}o]= e}
WA &Skth(p<0.05). Wotdn| 9} woldn] FsjlS 37}t
g Efe AU DERo; HIsse A Bol A%
5YAEA] diacetyl FHgFo] S7FsIA o, o] AA7Ito]
Aol whet BA1AQ1 Wshs vehtbA] 3ttt dvle)
ofddn], a1 Woldn| Fslols Hrbe Wa = A
71Z¢ F diacetyl $HFo] oF 144 S7lsldon, thaT 2

o7 e FRY AR Q) e E%ou ARt
% diacetyl®] AJAdHIE-L ThA w2 73RS YEIY Ko
5(2001), Kim3} Ko(1993), Ko} Kim(1995)] <Js}=
diacetyle ¥Fa = #ktol| oJsfx WA=, diacetyl®] 3+
ZFo LgATo] Aol wt Frksiebr HEAIRE oF 20
AHE AR st At dashkes 43S vebdoal st
Atk ol date YaATte] sodrE ik Al
So] Az}t o)A WA diacetyl A/d0] 7HA 2 3)dlkal| of
Fo = AZAEM, B3 diacetyk> acetoin®] ATE2AZE wb
g = A3 SOl A diacetyl®] acetoin® 2 H3HE ]
7] w0 2 ABZFEth(Marshall, 1984; Rasic and Kurmann,
1978). £ AX = dadgo] opd AFAFo =M B
E AT FaTIAEE AR A% T W
Tl AR 7] wiFol] Wafe] art o] diace-
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Fig. 6. Acetoin content in the yogurts during storage periods. Con = Yogurt. WR = Yogurt added with 2% White rice. BR=
Yogurt added with 2% Brown rice. GBR = Yogurt added with 2% Germinated Brown rice. SGBR = Yogurt added with
2% Saccharified Germinated Brown rice. *diifferent letters in the same color bar are significantly different (p<0.05).
*“Different letters in the same sample group are significantly different (p<0.05).

tyle] o] S7ks Aoz AT A7) Al
e} FAAAR] HstE BoA] v A2 diacetyl /g0 7+
A e IdEm, 3 acetoin® B A3HE Ao E AlEH
t}. Rysstad®} Abrahamsen(1987) & Ko2} Lee(1996)= X
T dEfrol diacetyl®] o] oF 0.5-2.0 ppm 2 EA|gH
o sl ® AgAadet A 235 YR

Acetoin®] 3] VIR S #4935 A3 Fig. 6),
27 A9 A 0gAk, 1593 acetoin g2 2z}
47.04, 48.66 ppm & LEPE O™, win| 7} hEfo] 79
o= A 0z}, 15U} &=kl 51.24, 52.31 ppmOE A
A7 T A< FEAstE YA Tk drH
7} Ha5o] 73 A 593} acetoin ] 51.49 ppm O
2 A% 093; ¢Hk48.0 ppm)E Tt S8, A 10,
159x}oll= Zh2} 45.98, 43.98 ppm o2 Fx} Holx| = ATk
< BEQ). Holdwm| e} woldn] gellS Hrhgh HEf
= A7 T acetoin FFo] AAdhe A Z YERGT
doldw|H7F wa o] 739 A% 094F acetoin T
5433 ppmO & FAEAIL, A7 15U} T 45.47 ppm
o2 A7 F oF 1.2v) FAaslomn, woldn] g3l
S AR BEfY Aol A 0, 159F o] 7t
Z} 55.67, 48.07 ppm o2 HAF o] A= S YERY
ot A% 0YA} acetoin TS FFE FH7ISH LEANA
AAZF o2 #& S Yehfilon, woldn|gs) >
ofdwm] >ulu] >gr| o F BAEQITE Acetoind W&
Aol EAeHA Xt HE 7 A= EaFo I
A AR ZE, o FElE T2 (citric acid)ell A AY
AE ) (Frank and Marth, 1988). A& 042l 7S A
7Fek BT} acetoin®] T #& S UERH A1 B
o] AJ5o] kst citric acid25-E] acetoin® E2] 3t
o] s, gt Woldn] gallS Hrhgh wE o] 4

fr B8kl Az A] pHE SF7] 23 citric acids ©]-&
Zo] =2 acetoin 3 ERd Ao AlgEn) vhd
FE H7F LA follA A% 5 acetoin o] TAd=
e FRA e S 1FE Y A= 7
o &= citric acide] o] AthF oz A7) & citric
acid2X-E] 5213t acetoin TeFo] FE& Ao = Alg=HTh
(Kim and Lim, 2000). Ko 5(2001)& 1247+ BEaA|7Ho]
Aol W} acetoin o] AAH R STV As
ERitha Baslyith. B dAToae 2a & A7 F
acetion ggo] FAHAY HA} e A Uehlle
AL A% F acetoin AiLo] 7| WjF o2 ALEHT

tlo
rot

o

T

=< =
GC-FIDE o|g3fo] AR 7FeAdS HES L, AF
N 2 QS glste] dafo g F

A9 x 2 A3
7173

Al HEA712A} A3s AASHIT HS-SPME

Il acetoin 59 VIR F= A 35°CoA 7P a3
o7 FZ28 F Ak agla HERe T8 3 &

S FEHE A ZF5F standard curveS
25t AABAAS DS Ao, i ZE &
FAIZANA 09979 ooz Hold FATAIE eI
IF(w], @w], Yoldn], WoldAn|FshE H7sh da
& Axst A7 F IFEY IR FENsE
H) 22241810 Acetaldehyde®] 73-¢- thz7 2 Wm] 7}
waf+= #3717 F acetaldehyde®] o] oF 1.4u) F
7FstaTt. @wje} Wolddn|, 1ejar ol Fslls 3
7¥ek o] 739 A% 09} acetaldehydee] o] 11.78,



Determination of Volatile Flavor Compounds using HS-SPME

653

12.39, 12.15 ppm .2 thZT-2] 0Y=} $H(10.83 ppm)H.TH
=2 TS JERIAITE, AR 15U A= acetaldehyde $F
2ro] 24z} 11.96, 13.04, 12. 10ppm_& o] 159x} g
Z(15.67 ppm)EC} <F 1.38) w:& Sl2kS YERHT). Acetone
vl mFe 2 FAEIIAL, 11;4717* A e 3
dhe]o] 1921 Zpole IATHp<0.05). EHZ? 2 o)
7PEERS] diacetyl - AZ7IE F oF 28] SUISIA
a1, drje} oy, 1g|a Woldn] gl H7p da
A5 A 0gA}F sl Z+2F 0.74, 0.81, 0.84 ppmOE
&7 2 e H7pdEs-9] 3HE0.35, 0.48 ppm)R T} =
Al A AT Acetoin S FFE H7ISH DR FOA
HETRT HAHo2 & %Et— Uepdar, iz 2
oA 7P E Y] A A7IRE 5 %<1 MskE Kol
A B9k OT (p<0.05), Ar|e} T }‘?i | 2831 doldm] &
sl b dhafie AV T AAshke AYE YR
HS-SPME/GCE o] &3l 7= E A7V wrafrel A%
713t T A F1EES] WiskE A B4 A9 A1d
do] FHojytor, 1 &F)/dw-o
A a1
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